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ABSTRACT 

Background: Despite significant pharmacological developments in antiemetic 

therapy, 60% of people undergoing chemotherapy continue to experience nausea and 

40% experience vomiting. Poor compliance, drug interactions, and side effects of 

antiemetic medications are significant contributors to the high prevalence of 

chemotherapy-induced nausea and vomiting (CINV). Complementary and alternative 

medicines (CAM), including dietary modifications and nutraceuticals such as ginger, 

are of growing interest as an adjuvant therapy in the prevention and management of 

CINV. However, the extant evidence on the dietary and nutraceutical management of 

CINV is limited. 

Aim: To address research gaps and limitations in existing evidence by exploring novel 

interventions, mechanisms of action, and clinical considerations for the dietary 

management of CINV, with a focus on ginger (Zingiber officinale).  

Methods and Results: In seven chapters, nine research questions were answered in 

nine published research studies: three systematic literature reviews, two randomised 

controlled trials, one qualitative study, one international evidence-based guideline, one 

editorial, and one narrative review. Chapter 1 provided an overview of extant literature 

and rationale for each of the studies described within the thesis. Chapter 2 investigated 

the dietary strategies for CINV; the systematic review and evidence-based guidelines 

found some evidence for dietary counselling and follow-up on basic nutrition advice 

and education delivered by health professionals with nutrition knowledge, and 

strongest evidence for the use of ginger as a nutraceutical. Chapter 3 explored CAM 

use (encompassing dietary strategies and nutraceuticals) in people with cancer. The 

qualitative study found that people undergoing chemotherapy valued CAM as a natural 

complement to their cancer treatment, providing them with hope for improved 

wellbeing, with use most strongly influenced by past experiences rather than expert 

opinion, suggesting health professional support could be improved. The invited 

editorial in Chapter 3 discussed how improved support for safe and effective CAM use 

during cancer requires clinical resources, integrated models-of-care, clinical and 

economic research, and policy that supports funding for health equity and value-based 

care. Chapter 4 presented a systematic umbrella review on the therapeutic effects of 

ginger, a CAM often used in people with cancer. The strongest evidence was found 
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for the antiemetic effects of ginger in pregnant women, analgesic effects for 

osteoarthritis, and glycemic control in type 2 diabetes. Ginger also appeared safe and 

had a positive effect on blood pressure, weight management, dysmenorrhea, post-

operative nausea, chemotherapy-induced vomiting, blood lipid profile, and anti-

inflammatory and antioxidant biomarkers. Chapter 5 presented a systematic review 

and meta-analysis and randomized placebo-controlled trial on the efficacy of ginger 

for CINV and related outcomes. Strongest evidence was found for ginger 

supplementation improving delayed CINV (i.e., delayed nausea incidence and severity, 

delayed vomiting incidence and frequency) and CINV-related quality of life. Emerging 

evidence supports the use of ginger for cancer-related fatigue, for which there are 

minimal treatment options. Some evidence was found for improved health-related 

quality of life and nutrition status with ginger supplementation and no serious adverse 

events were reported. Chapter 6 described a narrative review and randomised 

placebo-controlled pilot trial in humans investigating the effects of ginger 

supplementation on gastrointestinal bacteria using 16S rRNA sequencing. The 

narrative review concluded that the mechanisms of action of ginger in animal and cell 

studies support the anti-inflammatory, analgesic, anti-hypertensive, hypoglycaemic, 

anti-nausea, blood lipid regulating, and weight management effects of ginger in 

humans. The randomised controlled trial found that ginger had a positive effect on 

abundance of health-promoting gastrointestinal bacteria and symptoms of indigestion, 

proposing a novel mechanism of action of ginger. Chapter 7 discussed the thesis 

conclusions and recommendations for future practice and research. 

Conclusions: The cumulative results presented in this thesis contribute to the extant 

evidence on the adjuvant dietary and nutraceutical management of CINV advancing 

our understanding of the mechanisms of action of ginger. This thesis provides 

rationale for future rigorous clinical trials investigating gastrointestinal microbiota-

mediated mechanisms and how to best integrate the use of CAM, like ginger, into 

conventional medicine. 
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1.1. INTRODUCTION  

1.1.1. Prevalence and effects of CINV 

The uptake of cancer therapies is expected to rise with the increasing global cancer 

incidence [4, 5]. This upward rise in incidence is partly attributable to advances in 

cancer screening, diagnosis, and treatment increasing the likelihood of living beyond 

a cancer diagnosis, but at increased risk of recurrence of subsequent primary cancers 

[4-6]. With an increased uptake of cancer therapies, it is important to maximise 

supportive cancer care to prevent or treat cancer treatment-related symptoms as early 

as possible to alleviate stresses on cancer patients and caregivers as well as health 

care systems [6, 7]. Numerous organisations have worked to define quality cancer 

care, all emphasising the necessity to meet patient needs and improve patient 

outcomes, including survival, psychosocial effects, physical symptom management, 

and quality of life [8].  

Chemotherapy is a common and effective treatment for cancer; however, the 

associated side effects, in particular nausea and vomiting, are often debilitating. 

Despite significant pharmacological developments in anti-emetic (i.e., anti-nausea and 

anti-vomiting) therapy, approximately 60% of those undergoing chemotherapy 

continue to experience nausea and 40% experience vomiting [9-11]. Research also 

suggests delayed chemotherapy induced nausea and vomiting (CINV; more than 24 

hours after chemotherapy administration and typically up to 7-days post treatment) 

may be more common and problematic than acute CINV (within 24 hours of 

chemotherapy treatment) [9]. Less common is anticipatory CINV that occurs before 

chemotherapy treatment often as a conditioned response to CINV in previous cycles 

that is known to exacerbate CINV after chemotherapy administration and in 

subsequent cycles [12]. CINV is one of the most distressing treatment side effects [13, 

14] and can affect treatment completion as it is known to exacerbate fatigue, anxiety, 

and depression [15], as well as decrease quality of life and food intake [16-19]. 

Consequently, CINV is attributable to 50-60% of chemotherapy patients experiencing 

protein-energy malnutrition as a result of failing to meet nutritional requirements [20], 

which further compromises treatment outcomes [21]. Although not yet measured in 

the Australian setting, several international studies report that CINV results in 

increased direct and indirect costs to healthcare systems and to patients [22, 23]. 
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Good management of CINV is a priority to optimise treatment efficacy, quality of life, 

and subsequent survival [16-18] as well as reduce costs to healthcare systems and 

patients [22, 23].    

1.1.2. Pathophysiology of CINV 

The pathophysiology of CINV is not completely understood; however, multiple 

pathways with input from both the central and peripheral nervous systems are 

suggested. It is suggested that peripheral pathways located in the gastrointestinal tract 

are primarily responsible for acute phase CINV (within 24 hours of chemotherapy 

treatment), whereas predominantly central pathways, which occur primarily in the 

brain, are involved in delayed CINV (more than 24 hours after chemotherapy 

administration and typically up to 7-days post treatment) [24, 25]. CINV pathways are 

presented in Figure 1. 

In the acute CINV phase, chemotherapy-induced oxidative stress triggers 

enterochromaffin cells located in the intestinal lining to release the neurotransmitter, 

serotonin. Serotonin then either binds to serotonin (5-HT3) receptors located on vagal 

afferent nerves in the intestinal wall or with 5-HT3 receptors of the chemoreceptor 

trigger zone in the fourth ventricle of the brain. This activates the chemoreceptor 

trigger zone, then the nucleus tractus solitaries, and lastly the vomiting centre in the 

brain stem. Activation of the vomiting centre is responsible for coordinating the 

processes involved in vomiting, such as swallowing, salivation, respiration as well as 

abdominal, diaphragm and intestinal muscle contraction and relaxation [24-26].  

In delayed CINV, the predominate mechanism of action is the chemotherapy-mediated 

release of the neurotransmitter, substance P, from neurons. Substance P binds 

directly to neurokinin-1 (NK1) receptors in both the chemoreceptor trigger zone and 

nucleus tractus solitaries in the brain, thus initiating the CINV response. Similar to 

serotonin, substance P can also be produced by gastrointestinal enterochromaffin 

cells in response to chemotherapy, which then activates NK1 receptors in the intestinal 

wall to trigger the CINV response [24, 25]. 

It is also hypothesised that additional neurotransmitters such as acetylcholine, 

histamine, dopamine, and their corresponding receptors are involved in the generation 

of CINV; however, this is less understood [26, 27]. The vestibular system, located in 
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the inner ear, is involved in the development of motion sickness through acetylcholine 

and histamine binding and thus activating muscarinic and histaminergic receptors, 

respectively  [26]. As motion sickness is a known risk factor for CINV and muscarinic 

receptor antagonist medications used predominantly for motion sickness have shown 

some benefit to CINV, it is likely this pathway is somehow stimulated by chemotherapy 

also [26]. The role of dopamine may also influence CINV as a result of dopamine 

receptor antagonist medications having been shown to be effective in reducing CINV 

[27, 28].  

Although not the primary mechanism explaining CINV, other secondary pathways are 

hypothesised to exacerbate CINV, such as gastric emptying, inflammation, and 

vasopressin [26]. Chemotherapy delays gastric emptying through activation of 5-HT3 

receptors on enteric nerves. This relaxes the stomach and slows the rate at which 

stomach contents are moved into the intestine, thus leading to abdominal discomfort 

that can contribute to nausea and vomiting [26, 29]. Cell injury in the gastrointestinal 

tract as a result of chemotherapy leads to the release of multiple inflammatory factors 

such as cyclooxygenase-2 (COX-2), interleukin-6 (IL-6), and nuclear factor kappa-B 

(NF-kB) from injured cells. The continued gastrointestinal inflammation causes 

subsequent tissue damage that is linked to CINV, particularly during the delayed 

phase [26]. Vasopressin, also known as antidiuretic hormone, has been shown to be 

significantly increased in patients with CINV and when endogenously administered 

can induce nausea in healthy human participants  [26].   
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5HT3: serotonin; CINV: chemotherapy-induced nausea and vomiting; CTZ: chemoreceptor trigger zone; GI: gastrointestinal tract; 

NK1: neurokinin; NTS: nucleus tractus solitaries. 

Figure 1. Chemotherapy-induced nausea and vomiting mechanisms (artwork by 

Megan Crichton, adapted from Crichton et al. Therapeutic health effects of ginger 

(Zingiber officinale): updated narrative review exploring the mechanisms of action. 

Under review at Nutrition Reviews; Chapter 6 of this thesis). 

 

1.1.3. The role of gastrointestinal microbiota in CINV 

Despite a lack of clinical studies, emerging evidence provides a rationale for the 

exploratory investigation of the important role of gastrointestinal microbiota in CINV 

pathways. It is estimated that the human body comprises as many bacterial cells as it 

does human cells and the human microbiome contains about 100 times more genes 

than the human genome, highlighting the fundamental role of the microbiota on human 
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health [30]. The majority of human microbiota reside in the large intestine, and this 

community of trillions of bacteria is referred to as the ‘gut microbiota’  [31]. It is 

suggested that the gastrointestinal microbiota houses more than 1000 different 

species-level bacteria predominantly from the Bacteroidetes and Firmicutes phyla, 

each with a unique function  [32]. Although the ideal composition of gastrointestinal 

microbiota is unknown, the higher the number (richness), more equal the distribution 

(evenness), and thus greater the diversity of the gastrointestinal microbiota, the 

healthier the gastrointestinal system is assumed to be [31]. A more diverse population 

of gastrointestinal microbiota is beneficial as many processes integral to human health, 

such as energy metabolism, processing of nutrients, and immune system functioning, 

are all thought to be affected by the gastrointestinal microbiota [32-34]. The 

gastrointestinal microbiota also carry out a number of metabolic functions that human 

cells have limited capacity to do, such as production of vitamins, amino acids, and 

neurotransmitters [35]. Furthermore, the gastrointestinal microbiota assist with the 

processing of undigestible carbohydrates and excess protein as well as the 

bidirectional communication between the central and enteric nervous systems (i.e., 

gut-brain-axis) [32].  

The gastrointestinal microbiota is thought to modulate the response to 

chemotherapy drugs; therefore, gastrointestinal microbiota composition is suggested 

to play a role in chemotherapy efficacy and toxicity [36]. In addition, toxicity of 

chemotherapy treatment has shown negative effects on the gastrointestinal microbiota 

and these associated changes are thought to alter gastrointestinal function and trigger 

inflammation and intestinal damage [37]. The initiating steps of CINV pathway 

whereby chemotherapy agents interact with enterochromaffin cells results in a large 

release of neurotransmitters (primarily serotonin, Substance P, and dopamine) that 

provide afferent signalling to the brain, resulting in CINV [24-26]. Preliminary evidence 

also suggests that the release of serotonin from enterochromaffin cells can be 

modulated by gastrointestinal microbiota, including Clostridium ramosum, Candida, 

Streptococcus, Escherichia and Enterococcus, as can dopamine by Bacillus and 

Serratia [38-40]. This implies that differences in gastrointestinal microbiota may be 

able to modulate this initial step of CINV [40, 41]. Furthermore, an exploratory study 

of women who experienced nausea during chemotherapy also reported experiencing 

other disorders linked with changes in gastrointestinal microbiota, e.g., constipation 
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and diarrhoea [40]. Therefore, the gastrointestinal microbiota may not only influence 

overall gastrointestinal health and functioning, but also be linked to CINV pathways.  

1.1.4. Treatment of CINV 

Chemotherapy medications can be classified by risk of nausea and vomiting or 

emetogenicity (i.e., ability to cause nausea and vomiting; classified as minimal, low, 

moderate, or high) as per international practice guidelines (Figure 2) [27, 42-45]. 

Furthermore, a patient’s risk of experiencing CINV can now be predicted beyond the 

emetogenicity of chemotherapy medication used by applying a scoring algorithm [46]. 

This algorithm is based on evidence suggesting that age (<60 years), perceived 

expectation of experiencing CINV, <7hrs sleep the night prior to chemotherapy, history 

of motion sickness, receiving platinum or anthracycline-based chemotherapy, use of 

non-prescribed anti-emetics, and history of nausea or vomiting in the previous cycle 

increase risk of CINV; and history of prior chemotherapy cycles as well as habitual 

alcohol intake decreases CINV risk [27, 46]. 

Emetogenicity Minimal Low Moderate High 
CINV 
prevalence <10% 10-30% 30-90% >90% 

Examples Nivolumab, 
Methotrexate 

Ipilimumab, 
Capecitabine 

Carboplatin, 
Doxorubicin 

Cisplatin, 
Cyclophosphamide 

Figure 2. Definition of emetogenicity of chemotherapy medications.  

CINV is primarily managed with anti-emetic medications prescribed in combination, 

with the precise regimen tailored to the type and onset of the nausea and vomiting 

(acute, delayed, anticipatory, or chronic), the emetogenicity of the chemotherapy, the 

clinical course of the disease and patient characteristics [47].  Consensus between the 

three main clinical guidelines for anti-emetic prescription suggests the administration 

of a 5-HT3 receptor antagonist (e.g., ondansetron) and steroid (e.g., dexamethasone) 

for moderately emetogenic chemotherapy regimens, with the addition of a NK1 

receptor antagonist (e.g., aprepitant) for patients receiving highly emetogenic 

chemotherapies [45, 48].  

Improvements in the knowledge of CINV pathophysiology has now led to 

recommendations for differing anti-emetic regimens depending on the time period 

following chemotherapy. For example, 5-HT3 receptor antagonists are more effective 

in reducing CINV in the acute phase and NK1 receptor antagonists in the delayed 
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phase [24, 25]. However, despite the significant pharmacological developments in 

anti-emetic therapy, a concerning amount of chemotherapy patients (40-60%) still 

experience CINV, with poor compliance being a significant contributor [9-11, 49]. Drug 

interactions can also occur between antiemetics and chemotherapy agents as well as 

other common medications used in this population (e.g., antipsychotics and 

analgesics), which reduces the efficacy or enhances associated side effects of other 

medications. In addition, antiemetics have significant side effects of their own, such as 

sedation, anxiety, depression, headache, restlessness, hypotension, diarrhoea, and 

constipation [50]. Unsurprisingly, complementary and alternative medicines (CAM) 

that are not considered part of conventional medical treatment, including 

nutraceuticals and dietary modifications, are of growing interest as a natural 

complement in assisting in the prevention and management of CINV [51, 52].  

1.1.5. Nutritional management of CINV 

Dietary methods of increasing or restricting foods/drinks and eating behaviours are 

one of multiple CAM used by people with cancer undergoing chemotherapy [51]. In 

addition, dietitians and other health professionals are now including nutraceuticals in 

their practice, another pharmacological type of CAM encompassing health-promoting 

functional foods, fortified foods, and dietary supplements [53, 54]. Diet and nutrition 

are generally not a first line of therapy for CINV; instead, clinical guidelines suggest 

that dietary interventions, such as the use of ginger and other dietary strategies, may 

provide added benefit to antiemetic regimens [43, 44]. The National Comprehensive 

Cancer Network Antiemesis Guidelines [44] are the only guidelines identified that 

recommend specific dietary modifications for the prevention and management of 

nausea and vomiting in cancer patients. These guidelines commonly endorsed by 

dietitians and other health professionals in practice recommend eating six to eight 

small and frequent meals and snacks per day, consuming foods and beverages at 

room temperature that do not have a strong taste or smell, and avoiding foods that 

commonly trigger nausea (i.e., fatty, creamy, spicy, rich, and sweet foods). However, 

these guidelines do not comment on the quality of evidence for these 

recommendations are largely based on anecdotal reports and expert opinion [19, 44]. 

On the other hand, the most evidence-based dietary recommendation for CINV 

appears to be the use of ginger administered as a nutraceutical [55-57].  
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1.1.6. Ginger for CINV 

Ginger has long been used in traditional medicine for a range of indications ranging 

from alleviating symptoms of the common cold, to relieving stomach ache, and 

reducing fever [58]. It is the bioactive compounds within ginger that may be associated 

with health benefits, such as gingerols (mostly 6-, 8- and 10-gingerols), shogaols 

(mostly 6-, 8- and 10- shogaols), zingerone, gingerdiols, and paradols [26, 59]. Active 

constituents have exerted antioxidant, anti-inflammatory, anti-platelet, anti-emetic, 

blood glucose, and blood lipid lowering effects [60, 61]. Recently, they have been 

found to play a role in improving pain as well as metabolic and gastrointestinal 

disorders [62]. Ginger’s effects on nausea and vomiting are arguably the most 

extensively researched; specifically, nausea relating to pregnancy, post-operative 

periods, motion, radiotherapy, and chemotherapy [63-66]. The role of ginger for the 

prevention and management of CINV is still ambiguous, despite four systematic 

reviews to date having explored the effect of supplemental ginger on CINV in humans 

[55-57]. Ginger supplements, usually in the form of dried ginger root powder, are the 

most common form of ginger administered in research; however, supplements are 

rarely standardised to contain specific amounts of active ingredients and this lack of 

standardisation and dosing regimens cannot be translated to practice [67]. 

The exact mechanisms of action remain unclear; however, beneficial effects are 

thought to be due to the effects of gingerol and shogaol compounds on multiple 

components of CINV pathways (Figure 3) [68]. The most well understood pathway is 

ginger’s antagonistic effect on 5-HT3 receptors. Ginger non-competitively inhibits 5-

HT3 receptor activation in humans via binding at a site that is different from other types 

of 5-HT3 receptor antagonists [69]. Therefore, synergistic inhibition of 5-HT3 signalling 

might occur when ginger is combined with other 5-HT3 antagonists such as 

ondansetron. This suggests that ginger might work synergistically alongside 

pharmaceutical anti-emetics [68, 70]. Ginger is also thought to inhibit secondary CINV 

pathways (Figure 3) [68].  
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5HT3: serotonin; CINV: chemotherapy-induced nausea and vomiting; CTZ: chemoreceptor trigger zone; GI: gastrointestinal tract; 

NK1: neurokinin; NTS: nucleus tractus solitaries.  

Indicates where ginger acts to inhibit CINV pathways. 

Figure 3. Mechanisms of action of ginger on chemotherapy-induced nausea and 

vomiting pathways (artwork produced by Megan Crichton, adapted from Crichton et al. 

Therapeutic health effects of ginger (Zingiber officinale): updated narrative review 

exploring the mechanisms of action. Under review at Nutrition Reviews; Chapter 6 of 

this thesis). 

1.1.7. Effects of ginger on the gastrointestinal microbiota and CINV 

The effect of ginger on the gut microbiome is also not yet well understood. The majority 

of ingested ginger accumulates in the gastrointestinal tract and is proposed to be 

metabolised by gastrointestinal microbiota to contribute to the beneficial outcomes 

associated with oral ginger intake  [71]. A study conducted on mice [72] suggests that 

plant-derived compounds are taken up by the bacteria residing in the gastrointestinal, 

resulting in changes to the bacteria composition as well as host pathology. In particular, 

ginger exosome-like nanoparticles (GELNs), which are small extracellular vesicles 

that contain genetic material (Ribonucleic acid; RNA)), were preferentially taken up by 
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Lactobacillus rhamnosus (LGG) in the gastrointestinal tract and then interacted with 

LGG genes to alter LGG as well as produce metabolites that effect the growth of other 

bacteria and host cells [72]. Therefore, ginger is suggested to influence the location, 

amounts, and types of gastrointestinal microbiota and their associated metabolites 

[71-74]. More specifically, ginger has been found to increase the quantity of many 

beneficial bacteria (e.g., Lactobacillaceae, Bacteroidaceae, Bifidobacterium) and 

decrease the amount of undesired bacteria residing in the gastrointestinal tract (e.g., 

Clostridiaceae, Ruminococcaceae, Desulfovibrionacea) [72, 73, 75, 76]. A larger 

population of beneficial bacteria then results in increased production of advantageous 

bacterial metabolites. For example, GELN RNA has been found to stimulate enhanced 

production of interleukin 22, a cytokine that promotes cell survival as well as synthesis 

of antimicrobials, and therefore plays an important role in tissue repair, gastrointestinal 

barrier function, and protection against harmful microbes, and subsequently has been 

linked to ameliorating colitis in mice [72]. In addition, increases in short chain fatty acid-

producing bacteria (Alloprevotella and Allobaculumin) have been linked to increased 

concentrations of the four main short chain fatty acids (acetic acid, propionic acid, 

butyric acid and valeric acid) in mice after ingestion of ginger. A reduction in 

endotoxins has also been suggested with ginger-associated reductions in the toxin-

producing bacteria, Desulfovibrionacea [73]. 

Little is known about the effect of ginger on the gastrointestinal microbiome of healthy 

humans and there are currently no studies that have explored ginger-mediated effects 

on the human gastrointestinal microbiota in relation to CINV. Production of ginger-

induced intestinal microbiota metabolites may be a mechanism for reducing activation 

of CINV pathways. For example, one proposed mechanism is ginger’s ability to 

regulate bacteria that promote synthesis of serotonin in the gastrointestinal tract, a 

neurotransmitter involved in CINV pathways. The ability of ginger to maintain 

gastrointestinal cell lining and reduce inflammation through gastrointestinal microbiota 

modulation may also assist in the prevention and management of CINV [26, 77, 78]. 

Therefore, investigation into the effects of standardised ginger consumption on the 

gastrointestinal microbiota of healthy human populations is warranted to provide 

insight into how the alterations in gastrointestinal microbiota might be responsible for 

the beneficial effects of ginger on CINV.  
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1.1.8.  Ginger-drug interactions and safety profile 

Ginger generally appears safe for use with no serious adverse events reported in the 

literature [62]. However, there are numerous contraindications for use based on the 

pharmacokinetics of ginger. Although evidence is equivocal, ginger may affect platelet 

aggregation and coagulation, thus is not recommended for people with 

thrombocytopenia, coagulopathy, platelet function disorders, nor those taking blood 

thinning medications, such as warfarin, aspirin, or heparin [79]. Close medical 

monitoring is also needed for people with blood disorders if consuming ginger in 

conjunction with other herbal products that might have an anticoagulant effect, such 

as garlic [80].  

Ginger might decrease oral bioavailability of the immunosuppressant, cyclosporine, 

thus ginger should be avoided in patients taking cyclosporine to ensure the efficacy of 

the drug [81]. Ginger supplementation should also not be consumed with 

immunosuppressant, tacrolimus, as it can raise serum concentration of tacrolimus, 

which increases potential side effects, such as nephrotoxicity [82, 83].  

Ginger can enhance insulin secretion, thus increasing the risk of hypoglycaemia in 

people with Type 2 Diabetes Mellitus taking hypoglycaemic medications [84, 85]. 

Likewise, ginger can lower blood pressure; therefore, use must be closely monitored 

in people taking hypotensive agents to avoid low blood pressure or irregular heartbeat 

[86]. Until a larger body of evidence confirms safety, the aforementioned 

contraindications for ginger use are recommended for clinical practice. Specific ginger 

or ginger-component interactions with oncological agents have not been specifically 

examined and interactions may exist that are yet not known. 
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1.2 THESIS OUTLINE  
 
1.2.1. Chapter 1: General introduction and thesis outline 
 
A background to the nine research questions that were developed and examined in 

this thesis that fill important gaps in the extant literature regarding the dietary 

management of chemotherapy-induced nausea and vomiting. Chapter 1 provides an 

overview and rationale for each of the studies within this thesis (Table 1). Australian 

English is used as the default language throughout this thesis unless otherwise 

required for specific journals. 

 
1.2.2. Chapter 2: Dietary strategies for chemotherapy-induced nausea and 
vomiting 
 
Dietary modifications for the management of CINV are commonly endorsed by 

dietitians and other health professionals in practice; however, these are largely based 

on anecdotal reports and expert opinion. To date, there is lack of synthesis of evidence 

to determine which dietary recommendations for CINV are supported by quality 

evidence to guide best clinical practice. Therefore, Chapter 2 aims to answer the 

following research questions: 

 

Research Question 1: What are the optimal dietary strategies for preventing and 

managing nausea and vomiting in adults with cancer? 

 

Publications: Crichton M, Fu J, Marshall S, Marx W. Nutritional implications 

of cancer treatment background: Constipation, nausea and vomiting. In: 

Practice-based Evidence in Nutrition® (PEN). 2021 Apr 21. Available from: 

https://www-pennutrition-

com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573.  

Access only by subscription. 

 

Crichton M, Marx W, Marshall S. What are the optimal dietary strategies for 

the management of cancer-related nausea and vomiting in adults? In: Practice-

https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573
https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573
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based Evidence in Nutrition® (PEN). 2020 Nov 25. Available from: https://www-

pennutrition-com/KnowledgePathway.aspx?kpid=5935 

&pqcatid=146&pqid=5947  

Access only by subscription.  

 

The lack of rigorous review of the literature identified during answering Research 

Question 1 led to Research Question 2: What is the effect of dietary strategies on 

incidence and severity of CINV in adults compared with no intervention, usual care, or 

alternative strategies? 

Publication: Gala D, Zigori B, Wright H, Marshall S, Crichton M. Dietary 

Strategies for Chemotherapy-Induced Nausea and Vomiting: A Systematic 

Review. Clinical Nutrition. 41 (10).  

 

1.2.3. Chapter 3: Complementary and alternative medicine use in people with 
cancer 
 
Nutrition and dietary strategies are one of multiple complementary and alternative 

medicines (CAM) used by people with cancer undergoing chemotherapy. In addition, 

dietitians and other health professionals are now including nutraceuticals in their 

practice, another pharmacological type of CAM. Minimal evidence regarding the safety 

and efficacy of CAM in people with cancer is accompanied with a high prevalence of 

use and nondisclosure to health professionals. Having improved evidence on efficacy 

and motives for use is one piece of the puzzle, but implementation of the evidence is 

critical to improve patient care. Therefore, Chapter 3 aims to answer the following 

research questions: 

 

Research Question 3: What are patients’ perspectives, experiences, support needs, 

and sources of information regarding CAM use during chemotherapy of patients pre-

disposed to CAM use during a randomised controlled trial? 

 

Publication: Crichton M, Strike K, Isenring E, McCarthy AL, Marx W, Lohning 

A, Marshall S. "It's natural so it shouldn't hurt me": Chemotherapy patients' 

perspectives, experiences, and sources of information of complementary and 

alternative medicines. 2021. Complementary Therapies in Clinal Practice. 43. 

https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935%20&pqcatid=146&pqid=5947
https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935%20&pqcatid=146&pqid=5947
https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935%20&pqcatid=146&pqid=5947
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Research Question 4: What is the prevalence, motives, efficacy, and safety of CAM 

use in women with cancer, and recommendations for facilitating discussions about 

CAM to facilitate the first steps in the integration of CAM and conventional cancer care? 

 

Publication: Crichton M, Marshall S. Complementary and alternative medicine 

for women with cancer: How can health care professionals provide realistic 

hope for improved wellbeing? 2022. Maturitas. 159. 

 

1.2.4. Chapter 4: Ginger as a complementary and alternative medicine 
 
Emerging empirical evidence supports the potential health benefits of ginger as a 

nutraceutical for a range of chronic conditions and symptoms, including CINV; 

however, there is a lack of quality synthesis of literature to determine which health 

indications are supported by quality evidence to guide best clinical practice. Therefore, 

Chapter 4 aims to answer the following research question: 

 

Research Question 5: What are the therapeutic effects and safety of any type of ginger 

from the Zingiber family administered in oral form compared with any comparator or 

baseline measures on any health and wellbeing outcome in humans? 

 

Publication: Crichton M, Davidson AR, Innerarity C, Marx W, Lohning A, 

Isenring E, Marshall S. Orally consumed ginger and human health: an umbrella 

review. 2022. American Journal of Clinical Nutrition. 115 (6). 

 
1.2.5. Chapter 5: Ginger for chemotherapy-induced nausea and vomiting 
 
Most systematic reviews on the therapeutic effects of ginger as a nutraceutical are 

rated poorly in regard to review quality, highlighting the need for future reviews that 

are rigorously conducted according to guidelines. There is also a need for highly 

powered, well-reported randomised controlled trials that clearly specify the type of 

ginger, standardised active constituent composition, dose, frequency, and duration of 

supplementation. Therefore, Chapter 5 aims to answer the following research 

questions: 
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Research Question 6: In adult cancer patients receiving chemotherapy, what are the 

effects of ginger supplementation dosage and duration on the incidence and severity 

of CINV and outcomes related to CINV (i.e., quality of life and fatigue), compared with 

placebo or standard anti-emetic medication? 
 

Publication: Crichton M, Marshall S, Marx W, McCarthy AL, Isenring E. 

Efficacy of Ginger (Zingiber officinale) in Ameliorating Chemotherapy-Induced 

Nausea and Vomiting and Chemotherapy-Related Outcomes: A Systematic 

Review Update and Meta-Analysis. 2019. Journal of the Academy of Nutrition 

and Dietetics. 119(12):2055-68. 

 

Research Question 7: In adults undergoing single-day moderately- to highly-

emetogenic chemotherapy, what is the effect of a standardized adjuvant ginger root 

powder compared with placebo on chemotherapy-induced nausea-related QoL and 

secondary outcomes of vomiting-related QoL, overall CINV-related QoL, health-

related QoL, incidence and severity of CINV, fatigue, nutrition status, and mental 

health? 

 

Publication: Crichton M, Marshall S, Isenring E, Lohning A, Koh A, McCarthy 

A, Molassoitis A, Bird R, Shannon C, McPherson I, Marx W. Effect of a 

standardized ginger root powder regimen on chemotherapy-induced nausea 

and vomiting: a multi-center double-blind placebo-controlled randomized trial. 

Under review at Journal of the Academy of Nutrition and Dietetics. 

 
1.2.6. Chapter 6: Ginger mechanisms of action 
 
Despite a plethora of research existing to support the health benefits of ginger, little is 

known about the mechanisms of action. Although novel in human clinical trials, animal 

studies suggest ginger may render beneficial effects through influencing the 

gastrointestinal microbiota. Therefore, Chapter 6 aims to answer the following 

research questions: 
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Research Question 8: Drawing on non-human trials, what is the current knowledge on 

the mechanisms of action of ginger on conferring therapeutic health effects in humans? 

 

Publication: Crichton M, Marshall S, Marx W, Isenring E, Lohning A. Therapeutic 

health effects of ginger (Zingiber officinale): updated narrative review exploring 

the mechanisms of action. 2023. Nutrition Reviews. Epub ahead of print. 

 

Research Question 9: What is the effect of a standardized ginger (Zingiber officinale) 

root powder, compared to placebo, on gastrointestinal bacteria (community 

composition, alpha and beta diversity, differential abundance) and associated 

outcomes (gastrointestinal symptoms, bowel habits, depression, anxiety, stress, 

fatigue, quality of life) in healthy adults? 

 

Publication: Crichton M, Marshall S, Marx W, Isenring E, Vázquez-Campos X, 

Dawson SL, Lohning A. Effect of standardized ginger root powder on 

gastrointestinal bacteria composition, gastrointestinal symptoms, mental health, 

fatigue, and quality of life: A double-blind placebo-controlled randomized trial. 
Under first review at American Journal of Clinical Nutrition. 

 
1.2.7. Chapter 7: conclusions and recommendations 
 
The final chapter discusses the strengths and limitations of this thesis and the novel 

contributions provided to the literature. Recommendations for future practice, policy, 

and research are presented based on answers to each of the nine research questions 

within this thesis.
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Table 1. Overview of research questions addressed by research studies presented in this thesis. 

Chapter and topic Research question Study 
Chapter 2.  
Dietary Strategies 
for Chemotherapy-
Induced Nausea and 
Vomiting 

Q1. What are the optimal dietary strategies for preventing and managing nausea 
and vomiting in adults with cancer?”  

PEN Evidence 
synthesis and 
guideline 

Q2. What is the effect of dietary strategies on incidence and severity of 
chemotherapy-induced nausea and vomiting in adults compared with no 
intervention, usual care, or alternative strategies? 

Systematic review 

Chapter 3.  
Complementary and 
Alternative Medicine 
use people with 
cancer 

Q3. What are patients’ perspectives, experiences, support needs, and sources of 
information regarding complementary and alternative medicine use during 
chemotherapy of patients pre-disposed to complementary and alternative medicine 
use during a randomised controlled trial? 

Qualitative Study 

Q4. What is the prevalence, motives, efficacy, and safety of CAM use in women with 
cancer, and recommendations for facilitating discussions about CAM to facilitate the 
first steps in the integration of CAM and conventional cancer care? 

Invited Editorial 

Chapter 4.  
Ginger as a 
Complementary and 
Alternative Medicine 

Q5. What are the therapeutic effects and safety of any type of ginger from the 
Zingiber family administered in oral form compared with any comparator or baseline 
measures on any health and wellbeing outcome in humans? 

Umbrella review 

Chapter 5.  
Ginger for 
Chemotherapy-
Induced Nausea and 
Vomiting 

Q6. In adult cancer patients receiving chemotherapy, what are the effects of ginger 
supplementation dosage and duration on the incidence and severity of CINV and 
outcomes related to CINV (i.e., quality of life and fatigue), compared with placebo or 
standard anti- emetic medication? 

Systematic review 
and meta-analysis 

Q7. In adults undergoing single-day moderately- to highly-emetogenic 
chemotherapy, what is the effect of a standardised adjuvant ginger root powder 
compared with placebo on chemotherapy-induced nausea-related QoL and 

Randomised 
controlled trial 
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secondary outcomes of vomiting-related QoL, overall CINV-related QoL, health-
related QoL, incidence and severity of CINV, fatigue, nutrition status, and mental 
health? 

Chapter 6.  
Ginger Mechanisms 
of Action 

Q8. Drawing on non-human trials, what is the current knowledge on the mechanisms 
of action of ginger on conferring therapeutic health effects in humans? 

Narrative review 

Q9. What is the effect of a standardized ginger (Zingiber officinale) root powder, 
compared to placebo, on gastrointestinal bacteria (community composition, alpha 
and beta diversity, differential abundance) and associated outcomes 
(gastrointestinal symptoms, bowel habits, depression, anxiety, stress, fatigue, 
quality of life) in healthy adults? 

Randomised 
controlled trial 
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2.1 SUMMARY 

Cancer-related nausea and vomiting prevalence remains high despite routine use of 

antiemetic medication. Thus, adjuvant dietary modifications and nutraceuticals are 

often recommended by dietitians and other health professionals, based on low quality 

evidence in part attributable to lack of evidence synthesis.  

This chapter presents a hierarchical literature review that was conducted to update the 

Practice-based Evidence in Nutrition (PEN) Guideline and Toolkit to determine the 

optimal dietary strategies for nausea and vomiting in adults with cancer. PEN is an 

international platform for health professionals to obtain nutrition-related information 

and resources. With over 24,000 subscribers in their nine partner countries, including 

7000 in Australia, PEN is commonly used among dietitians in Australia, Canada, and 

the United Kingdom. 

To identify existing dietary recommendations and determine their rigor for controlling 

cancer-related nausea and vomiting, seven electronic databases and Google Scholar 

for Grey Literature were searched using a combination of keywords (See Appendix II 

for search strategy). Only the highest quality of evidence was included and those with 

poor study design and/or poor reporting of outcomes were excluded. The quality of 

evidence was regarded in order of highest to lowest quality as follows: 1). Systematic 

review of randomised controlled trials with low risk of bias or published clinical practice 

guideline, 2). Randomised controlled trials with low risk of bias, 3). Non-randomised 

controlled trials with low risk of bias, 4). Non-randomised non-controlled trials with low 

risk of bias, 5). Observational studies with low risk of bias. For example, if randomised 

controlled trials with low risk of bias existed on a topic, other non-randomised trials or 

observational studies were not drawn on to make conclusions. The quality of evidence 

was graded using the PEN Evidence Grading Checklist [87]; whereby 

recommendations were graded from A (conclusion supported by good evidence) to D 

(conclusion not possible or extremely limited because evidence is unavailable and/or 

of poor quality and/or contradictory). Study selection and grading of evidence was 

conducted by one investigator (MC) and checked for accuracy by a second 

investigator (WM). Guidelines 
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underwent a rigorous international peer review process by experts in the field that were 

external to the research team.     

This PEN Guideline and Toolkit update concluded Six Key Practice Points:  

1. Dietary modifications such as eating bland foods and consuming small 

meals and snacks regularly may be of benefit for cancer-related nausea and 

vomiting (Grade of Evidence: C-Limited).  

2. Dietary counselling during and up to three months after radiation treatment 

may decrease severity of nausea and vomiting for patients with colorectal 

and head and neck cancers (Grade of Evidence: C-Limited).  

3. The use of ginger supplements appears to be safe for chemotherapy 

patients and may provide some benefit in combination with standard 

antiemetics for CINV vomiting as well as fatigue and quality of life (Grade of 

Evidence: B-Fair).  

4. Managing taste changes may be beneficial in relieving nausea and vomiting 

in cancer patients (Grade of Evidence: C-Limited).  

5. Habitual alcohol intake is related to lower incidence of nausea and vomiting; 

however, adherence to national alcohol guidelines and/or individualised 

advice from treating specialist doctors is recommended (Grade of Evidence: 

C- Limited).  

Although diet is generally not the first line of therapy, dietary and nutraceutical 

interventions may provide additional benefits to cancer patients when used in 

conjunction with antiemetics. However, existing literature was largely based on 

anecdotal reports and expert opinion [88, 89]. 

When updating the PEN guideline, it became evident that there was lack of synthesis 

for which dietary modifications for managing cancer-related nausea and vomiting are 

supported by quality evidence. Therefore, a systematic literature review was 

conducted to examine the effect of dietary strategies on incidence and severity of 

CINV in adults compared with no intervention, usual care, or alternative strategies.  

Following best practice guidelines for systematic reviews [90, 91], five databases were 

searched leading to 21 included observational and interventional studies. Certainty in 

the estimated effect was estimated using the Grading of Recommendations, 
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Assessment, Development, and Evaluation (GRADE) approach. Key findings from 

interventional studies included greatest confidence in the significant positive effect of: 

• CINV-specific nutrition education and support with a personalized meal 

plan and dietetic consultations on reducing nausea severity (Effect size: 

very large; GRADE: high); and 

• CINV-specific nutrition education with a personalized meal plan either 

with dietitian consultations or in pamphlet form on reducing overall CINV 

severity (Effect size: very large; GRADE: high).  

A significant very large positive effect for ginger tea consumption was also found on 

overall CINV severity; however, certainty in this effect was very low (Effect size: very 

large; GRADE: very low). The very large effect sizes of the aforementioned findings 

confirm the clinical relevance of these dietary strategies. Although confidence in the 

findings from observational studies was very low to low, a significant positive 

association was also found between: 

• a moderate intake of alcohol and incidence of nausea, vomiting, or 

overall CINV as well as nausea severity (GRADE: low to very low);  

• the Mediterranean diet and nausea incidence and severity (GRADE: 

low); and 

• adequate intake of energy, protein, fat, or carbohydrate and nausea or 

vomiting incidence (GRADE: very low).  

In summary, this chapter presented the achievable adjuvant dietary modifications for 

managing CINV that were supported by quality evidence to guide best clinical practice. 

Strongest evidence was found for ginger as a nutraceutical and regarding non-

nutraceutical interventions, strongest evidence was found to support meaningful 

dietary counselling and follow-up on basic nutrition advice and education delivered by 

health professionals with nutrition knowledge. Limitations in the evidence base that 

hinder translation into practice were discussed, such as the limited number of largely 

heterogenous studies that were generally of poor quality with small sample sizes and 

inadequate reporting of interventions. This chapter raised the need for future well-

powered clinical trials with clearly defined dietary strategies and valid outcome 

measures prior to dietary strategies being routinely prescribed alongside antiemetic 
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regimens. Future research into how health professionals may best support patients in 

using complementary therapies of dietary strategies and nutraceuticals is also 

warranted for the optimal management of CINV. 
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2.2 DIETARY STRATEGIES FOR CANCER-RELATED NAUSEA AND 

VOMITING: PRACTICE-BASED EVIDENCE IN NUTRITION (PEN) GUIDELINE  

 

Crichton M, Fu J, Marshall S, Marx W. Nutritional implications of cancer 

treatment background: Constipation, nausea and vomiting. In: Practice-based 

Evidence in Nutrition® (PEN). 2021 Apr 21. Available from:  

https://www-pennutrition-

com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573  

Access only by subscription.  

Copyright © 2020 by Dietitians Canada.  

Reproduced with permission from Dietitians Canada (Appendix I). 

 

Crichton M, Marshall S, Marx W. What are the optimal dietary strategies for the 

management of cancer-related nausea and vomiting in adults? In: Practice-

based Evidence in Nutrition® (PEN). 2020 Nov 25. Available from:  

https://www-pennutrition-

com/KnowledgePathway.aspx?kpid=5935&pqcatid=146&pqid=5947  

Access only by subscription.  

Copyright © 2020 by Dietitians Canada.  

Reproduced with permission from Dietitians Canada (Appendix I). 

 

PEN is an international platform for health professionals to obtain nutrition-

related information and resources. It is the leading evidence-based portal for 

dietitians, with over 24,000 subscribers in their nine partner countries. 

 

 Supplementary literature search strategy is presented in Appendix II.  

https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573
https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573
https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935&pqcatid=146&pqid=5947
https://www-pennutrition-com/KnowledgePathway.aspx?kpid=5935&pqcatid=146&pqid=5947


CHAPTER 2.2 Dietary Strategies for Cancer-Related Nausea and Vomiting: A Practice Guideline 

 
 

26 

2.2.1. NUTRITIONAL IMPLICATIONS OF CANCER TREATMENT BACKGROUND: 
CONSTIPATION, NAUSEA AND VOMITING  
 
Version 2.0, last updated: 21st April 2021 

 
Current Contributors 
Authors 
Megan Crichton, Jin Fu, Skye Marshall, Wolfgang Marx. 
Reviewers 

Christine Mehling, Natalie Stapleton, Olivia Wright, Reinette Visser, Sue Acreman, 

Victoria Nelson. 

 
Past Contributors 
Authors 

Ryna Levy-Milne, Shirley Hobenshield, Susan Firus. 

Reviewers 

Donna Danelon, Jayne Thirsk, Karen Briggs, Monique Gobes, Sue Wales Arnold 

 
 
 
 

 

 



CHAPTER 2.2 Dietary Strategies for Cancer-Related Nausea and Vomiting: A Practice Guideline 

 
 

27 

DISEASE ETIOLOGY 
 

Constipation 
Individuals with cancer can have constipation for a number of reasons, including 

cancer itself or cancer treatments (1). The cells lining the gastrointestinal (GI) tract 

divide rapidly, so they can be easily damaged by chemotherapy and radiation therapy 

(1). It can also be caused by dehydration, lack of fiber intake, overuse of laxatives, low 

level of physical activities etc. (1). The following medications can also induce 

constipation: some chemotherapy agents (2), anticholinergic, anticonvulsant drugs, 

phenothiazine, diuretics, calcium- and aluminum- based antiacids, antinausea drugs, 

tranquilizers and sleeping medications, general anesthesia and pudendal blocks (1,2). 

Some chemotherapy drugs cause constipation through autonomic neuropathy; opioids 

cause constipation because of a lowered sensitivity to defecation reflexes and 

decreased gut motility (2). A bowel regimen including dietary and lifestyle changes 

should be initiated when opioids are prescribed, since these drugs commonly cause 

constipation. 

  

Other factors that lead to constipation include loss of appetite (anorexia), lack of fibre 

or bulk-forming food in the diet, dehydration, vitamin or mineral supplements such as 

calcium and iron pills, overuse of laxatives, low level of physical activity or a lot of bed 

rest, thyroid problems, depression, high level of calcium or potassium in the blood, 

cancer cells growing into the large intestine or pressing on the spinal cord (1).  

  

Nausea and Vomiting 
The exact etiology of cancer-related nausea and vomiting is not known. It is believed 

that chemotherapy triggers oxidative stress, which in turn stimulates enterochromaffin 

cells in the intestine to produce neurotransmitters that activate 5-HT3, NK-1, 

histaminergic and muscarinic receptors and thus trigger the chemotherapy-induced 

nausea and vomiting (CINV) response (3,4). In addition, chemotherapy promotes 

inflammation, delayed stomach emptying and increased plasma vasopressin, which 

all work to also stimulate the CINV response (4). Moderately emetogenic 

chemotherapy regimens, such as doxorubicin and carboplatin, incur a 30-90% risk of 

emesis and highly emetogenic chemotherapies, such as cisplatin and 

cyclophosphamide, are associated with a >90% risk of emesis (4-6). Other 
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chemotherapy drugs that can cause nausea are: carmustine, dacarbazine, 

daunorubicin, epirubicin and idarubicin (1). An individual’s risk of experiencing CINV 

while undergoing chemotherapy can be predicted using a scoring algorithm, which 

guides best practice for antiemetic prescription. This algorithm is based on evidence 

suggesting that age (<60 years), expectation of experiencing CINV, <7 hours sleep 

the night prior to chemotherapy, history of motion sickness, receiving platinum or 

anthracycline chemotherapy, use of non-prescribed antiemetics and a history of 

nausea or vomiting in the previous cycle increases risk of CINV; and history of prior 

chemotherapy cycles decreases CINV risk (7). 

  

CINV can also occur with radiation therapy, dependent on the area being treated, 

especially of the upper abdomen, small intestine and liver (8). The risk is greatest 

when the brain is treated (8). Higher risk is also related to radiation to the whole body 

(total body irradiation). Higher doses of radiation are also associated with more side-

effects (1,8). Other causes that increase the risk of nausea and vomiting include pain 

medications, anesthetics given for surgery, electrolyte imbalances and the cancer 

itself, especially in gastric, liver, gastrointestinal or brain metastases (1,8). 

  

SCREENING/DIAGNOSIS 
 

Individuals receiving cancer treatment should have a nutrition assessment using a 

valid and reliable nutrition screening tool, such as the Subjective Global Assessment 

(SGA), Patient-Generated Subjective Global Assessment (PG-SGA) 

or Malnutrition Screening Tool (MST) (3). This should be conducted by dietitians, 

nutrition assistants, nurses, or other health professionals, ideally before the treatment 

starts, and should undergo screening for nutrition-related side-effects throughout the 

duration of the cancer treatment. 

  
Constipation 
Constipation is viewed as a subjective symptom involving complaints of decreased 

frequency with incomplete passage of dry, hard stools (2). The Rome Criteria (9) is 

considered the gold standard for diagnosing constipation, which relies on an in-depth 

patient assessment. Diagnosis of constipation requires two or more of the following:  

• straining during defecation 
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• lumpy or hard stools (Bristol Stool Form Scale (BSFS) rating of type 1 or 2) 

• sensation of incomplete evacuation or anorectal blockage 

• manual maneuvers to facilitate defecation, fewer than three bowel movements 

per week 

• or loose stools rarely being present (9).  

  

Using the BSFS alone has also been found to be a valid and reliable tool to easily 

identify constipation based on stool consistency (10). The BSFS categories stool into 

one of seven types, whereby types 1 and 2 are considered abnormally hard stools 

indicative of constipation.  

  

Assessment includes a history of the patient’s bowel pattern, dietary changes and 

medications, along with a physical examination, to identify possible causes of 

constipation (2). 

  
PREVALENCE 
 

Constipation 
The prevalence of constipation in cancer patients is one of the most common 

symptoms and has been estimated to affect between 40% and 90% of advanced 

cancer patients (11). Constipation has been estimated to occur in 50-87% of advanced 

cancer patients and 80-90% of patients receiving chemotherapy (12). Constipation is 

the third most common symptom in patients receiving cytotoxic chemotherapy with an 

overall prevalence of 16%, with 5% classified as severe and 11% classified as 

moderate (13). 

  

Nausea and Vomiting 
Prevalence data for chemotherapy-induced nausea and vomiting suggests 42-71% 

experience nausea and 21-57% experience vomiting during chemotherapy despite 

being administered antiemetics (14-16). More specifically, incidence of acute nausea 

has been reported in 23-58% of patients undergoing chemotherapy and incidence of 

delayed nausea is 35-60% (14-17). The prevalence of acute vomiting has been 

estimated in the literature as 9-44% and delayed vomiting 17-42% in patients 

undergoing chemotherapy (14-16). In the one study that compared the incidence of 
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acute phase CINV with delayed phase, the prevalence of both delayed nausea and 

vomiting were significantly higher than acute nausea and vomiting, suggesting 

chemotherapy patients are more likely to experience CINV >24 hours post-

chemotherapy in comparison to within the first 24 hours following treatment (15). 

  

The prevalence of radiation-induced nausea and vomiting is under explored. However, 

it has been predicted at 53% (18). The prevalence of nausea and vomiting among 

cancer patients undergoing no or other cancer therapies is unknown.  

  

SYMPTOMS 
 

Constipation 
Some of the signs of constipation include abnormal frequency; amount and timing of 

bowel movements; absence of bowel sounds; rectal fullness; excessive gas passing; 

small, hard stools; abdominal discomfort or distension; flatulence; feelings of malaise 

and sometimes nausea, vomiting and anorexia (2). For specific information regarding 

the grade of constipation, see the Constipation Grading Scale 

(http://www.bccancer.bc.ca/nursing-site/Documents/3.%20Constipation.pdf). 

  

Nausea and Vomiting 
The National Cancer Institute describes nausea as “a subjective phenomenon of an 

unpleasant, wavelike sensation experienced in the back of the throat and/or the 

epigastrium that may culminate in vomiting (emesis) (19)”. Vomiting is “the forceful 

expulsion of the contents of the stomach, duodenum, or jejunum through the oral 

cavity. Retching is gastric and esophageal movements of vomiting without expulsion 

of vomitus and is also referred to as dry heaves” (19). 

  

The most commonly used classifications for types of nausea and vomiting due to 

cancer and its treatment are (19,20): 

• acute - occurs during the first 24 hours after chemotherapy 

• delayed - occurs more than 24 hours after chemotherapy is administered 

• anticipatory - occurs just before a new cycle of chemotherapy and after acute 

or delayed nausea and vomiting has previously been experienced and is 

triggered by the sights, sounds, and smells of chemotherapy treatment 
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• chronic nausea and vomiting - multifactorial, potential causal factors that 

include gastrointestinal, cranial, metabolic, drug-induced (e.g. morphine), 

cytotoxic chemotherapy-induced and radiation-induced mechanisms 

• breakthrough - nausea and vomiting that occurs despite the use of antiemetic 

medications and may warrant the use of ‘rescue’ (an additional drug/s) 

antiemetics 

• refractory - nausea and vomiting following treatment after antiemetics have 

previously failed. For example, nausea and vomiting experienced after 

chemotherapy in subsequent cycles after antiemetic medications have been 

ineffective in earlier cycles. 

• intractable - vomiting that is difficult to control, even with antiemetic 

medications. 

  

There is also criteria for grading the degree of severity of constipation, nausea and 

vomiting from grade 1, which is the mildest form, through to grade 5, in which death 

results from the symptoms (10,20). For specific information regarding the grade of 

nausea and vomiting, see Table 1. National Cancer Institute’s Common Terminology 

Criteria for Adverse Events: N&V (https://www.cancer.gov/about-

cancer/treatment/side-effects/nausea/nausea-hp-pdq).  

  

CO-MORBIDITIES/ASSOCIATED DISEASES 
 

The major co-morbidity is the cancer that necessitated treatment. The management 

of other co-morbidities, such as diabetes, may also be affected if nausea and vomiting 

are present. In addition, there can be consequences of constipation and nausea and 

vomiting as follows: 

  

Constipation 
Consequences of constipation can include fecal impaction and bypassing diarrhea; 

hemorrhoids, rectal tears, fissures or prolapse; complete or partial bowel obstruction 

and bowel perforation; infection and sepsis; excessive straining contributing to 

syncope and cardiac arrhythmias; impairment in absorption of oral medications (21). 

  

 

https://www.cancer.gov/about-cancer/treatment/side-effects/nausea/nausea-hp-pdq
https://www.cancer.gov/about-cancer/treatment/side-effects/nausea/nausea-hp-pdq
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Nausea and Vomiting 
The consequences of nausea and vomiting can be many and include dehydration, 

electrolyte imbalance, nutrient depletion, malnutrition, weight loss, anorexia, aspiration 

pneumonia, esophageal tears, fractures, deterioration of the patient’s physical and 

mental status, wound dehiscence, serious metabolic derangements, chemotherapy 

delays or discontinuation, chemotherapy dose reduction and decreased quality of life 

(8,20). 

  
MEDICAL TREATMENT 
 

Constipation 
Management of constipation includes prevention (if possible), eliminating the cause of 

constipation and judicious use of laxatives (2). Patients are also encouraged to have 

adequate fiber intake and to increase fluid intake to one-half ounce per pound of body 

weight daily (if not contraindicated by renal or heart disease). When dietary fiber is 

increased, it is important to maintain an adequate fluid intake. However, some cancer 

patients cannot tolerate increased fluids, high fiber foods or have the capacity to 

increase their exercise. In addition, a high fiber diet is contraindicated in individuals 

who are at risk for bowel obstruction. 

   

Medication-induced constipation is usually managed with stimulant laxatives such as 

sennosides and stool softeners such as docusates (2). Other agents that may be used 

are bulking agents, saline laxatives (usually used to clear the bowel for tests), lubricant 

laxatives (such as mineral oil), lactulose and opioid inhibitors (used only if other agents 

have not been successful). Stool softeners are not effective in managing constipation 

in cancer patients when used alone, but they can be effective if used with stimulant 

laxatives. When opioid pain medications are used, it is not recommended to take bulk-

forming laxatives since these require increased fluid intake to exert their effect. Many 

cancer patients cannot handle the high fluid volumes needed. As well, opioid therapy 

slows peristalsis, which makes the use of bulk-forming laxatives unacceptable. 
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Nausea and Vomiting 
If treatment-induced nausea and vomiting occur, it is advised to discontinue any 

medications that may be contributors (when possible) (9). In addition, antiemetic drugs 

may be prescribed, such as: 

• ondansetron, dexamethasone, metoclopramide, prochlorperazine (during 

chemotherapy) 

• aprepitant (for highly emetogenic chemotherapy) 

• dimenhydrinate suppository (if unable to take medications orally) 

• lorazepam (for anticipatory nausea and vomiting). 

  

The use of antiemetic drugs depends on the type and onset of the nausea and 

vomiting (e.g. acute, delayed, anticipatory or chronic), the cancer treatment, the 

clinical course of the disease and patient characteristics. For example, consensus 

between the three main clinical guidelines for antiemetic prescription to reduce nausea 

and vomiting suggests the administration of a serotonin (5-HT3) receptor antagonist 

(e.g. ondansetron) and steroid (e.g. dexamethasone) for moderately emetogenic 

chemotherapy regimens (those with 30-90% risk of emesis), with the addition of a 

neurokinin 1 (NK1) receptor antagonist (e.g. aprepitant) for patients receiving highly 

emetogenic chemotherapies (>90% risk of emesis) (4-6). Antiemetics may be 

administered orally, intravenously, intramuscularly or as a suppository (5). Diet is 

generally not a first line of therapy for cancer-related nausea and vomiting; however, 

it may provide additional benefits when used in conjunction with antiemetics. 

  

Oral rehydration solutions may be useful in cases of intractable vomiting to assist with 

replenishing hydration and electrolytes (4). In severe cases, intravenous hydration 

may be needed to replenish fluids and electrolytes, and enteral or parenteral nutrition 

may also be indicated, and cancer treatment may be ceased.  

  

In non-urgent cases, prevention, support, teaching, and follow up can be done; see 

the protocol Nausea and Vomiting Related to Cancer Treatment from National Cancer 

Institute (19). See the client handout Nausea and Vomiting in People with Cancer 

(https://www.cancer.gov/about-cancer/treatment/side-effects/nausea-vomiting). 

   

https://www.cancer.gov/about-cancer/treatment/side-effects/nausea-vomiting
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Tips for managing nausea and vomiting are also available from the Canadian Cancer 

Society (https://cancer.ca/en/treatments/side-effects/nausea-and-vomiting), Cancer 

Council (Australia; https://www.cancercouncil.com.au/cancer-information/living-

well/nutrition-and-cancer/treatment-side-effects-and-nutrition/nausea-and-

vomiting/), Cancer Society (New Zealand; https://www.cancer.org.nz/cancer/cancer-

treatment/) and Cancer Research UK. Refer to Cancer Web Links for website urls 

and Nutritional Implications of Cancer Treatment Related Tools and Resources for 

additional tips for managing nausea and vomiting. 

  

NUTRITION CARE  
 

See Additional Content:  

What are the optimal dietary strategies for the management of cancer-related nausea 

and vomiting in adults? 

What are the optimal dietary strategies for managing constipation in adults receiving 

cancer treatment? 

Cancer - Nutritional Implications of Treatment Toolkit. 

  

RESOURCES FOR PROFESSIONALS 
 

Practice guidelines, web links, other professional tools and resources can be found 

under the Nutritional Implications of Cancer Treatment Related Tools and 

Resources tab. Use the Audience, Country and Language sort buttons to narrow your 

search. 
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KEY PRACTICE POINT #1 
 

SUMMARY  
 
Recommendation 
Antiemetic Agents 

The symptoms of nausea and vomiting are primarily managed with antiemetic agents. 

There are different management protocols suggested depending on the type and 

onset of nausea and vomiting (e.g. acute, delayed, anticipatory or chronic), cancer 

treatment, clinical course of the disease and patient characteristics. Adherence to 

antiemetic guideline recommendations can significantly improve chemotherapy-

induced nausea and vomiting (CINV). Diet is generally not a first-line therapy; 

however, it may provide additional benefits when used in conjunction with antiemetics. 

 

Complementary Therapies  

Complementary therapies such as acupressure, acupuncture and relaxation in 

addition to antiemetic drugs may reduce CINV. Hypnosis may benefit CINV in children 

and postoperative nausea in adults with breast cancer. Medicinal cannabinoids may 

improve CINV; however, is not recommended due to associated side-effects. Auricular 

therapy for CINV may be a promising approach to managing CINV in combination with 

antiemetics; however, substantial heterogeneity warrants further research prior to 

recommending its use. 

  

Evidence Summary 
Antiemetic Regimens 

Clinical practice guidelines provide advice for antiemetic regimens (see evidence 

statements a-c below) based on emetogenic potential of chemotherapy and radiation 

therapy. Grade of Evidence: A (conclusion supported by good evidence). 

  

Adherence to Antiemetic Guidelines 

Three observational studies suggest that adherence of patients to antiemetic 

guidelines can decrease CINV. Grade of Evidence: B (conclusion supported by fair 

evidence). 
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Anticipatory Nausea and Vomiting Recommendations 

Clinical practice guidelines recommend nauseating smell avoidance. Grade of 

Evidence: C (conclusion supported by limited evidence or expert opinion). 

 

Complementary Therapies 

Acupuncture, Acupressure and Relaxation 

Clinical practice guidelines suggest that the use of acupressure, acupuncture and 

relaxation in combination with antiemetics may benefit CINV. Grade of Evidence: B 

(conclusion supported by fair evidence). 

  

A systematic review of 13 RCTs suggests that acupuncture may reduce 

chemotherapy-induced vomiting and rescue antiemetic use. Grade of Evidence: B 

(conclusion supported by fair evidence). 

  

A systematic review of 12 RCTs found acupressure to reduce chemotherapy-induced 

nausea. Grade of Evidence: B (conclusion supported by fair evidence). 

  

A systematic review of three RCTs suggests that muscle relaxation-guided imagery 

may reduce CINV in breast cancer patients. Grade of Evidence: B (conclusion 

supported by fair evidence). 

 

Auricular Therapy 

A systematic review of 21 RCTs on auricular therapy for CINV found that it may be a 

promising approach to managing CINV in combination with antiemetics; however, 

substantial heterogeneity warrants further research prior to recommending its use. 

Grade of Evidence: C (conclusion supported by limited evidence or expert opinion). 

  

Hypnosis  

A systematic review of seven RCTs found hypnosis to benefit chemotherapy-induced 

nausea and vomiting in children. Grade of Evidence: B (conclusion supported by fair 

evidence). 

   

An RCT found that 15 minutes of preoperative hypnosis significantly reduced 

postoperative surgery-related nausea in patients with breast cancer. Grade of 
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Evidence: C (conclusion supported by limited evidence or expert opinion). 

 

Cannabinoids 

A systematic review of seven RCTs found medical cannabinoids reduced 

chemotherapy-induced nausea and vomiting; however, it was associated with a high 

rate of adverse side-effects, thus not warranting its recommendation. Grade of 

Evidence: B (conclusion supported by fair evidence). 

 

Remarks 
The choice of antiemetics prescribed to prevent and manage cancer-related nausea 

and vomiting is based on emetic risk of the cancer therapy, stage of cancer, prior 

patient experiences with antiemetics and patient factors that increase risk of nausea 

and vomiting. A patient’s risk of experiencing CINV while undergoing chemotherapy 

can be predicted using a scoring algorithm, which guides best practice antiemetic 

prescription.  

 

EVIDENCE 
 

a. The National Comprehensive Cancer Network (NCCN) 2018 Clinical Practice 

Guidelines in Oncology generally advise the prescription of the following 

antiemetic regimens (1): 

• Highly Emetogenic IV Chemotherapy (>90% risk of emesis): Day 1 of 

chemotherapy: a neurokinin 1 receptor antagonist (NK1 RA; e.g. 

aprepitant), a serotonin receptor antagonist (5-HT3 RA; e.g. 

ondansetron); and a steroid (dexamethasone). Days 2-4 post 

chemotherapy: NK1 RA and dexamethasone 

• Moderately Emetogenic IV Chemotherapy (30-90% risk of emesis): Day 

1: 5-HT3 RA and dexamethasone. Days 2-3: 5-HT3 RA or 

dexamethasone 

• Low Emetogenic IV Chemotherapy (10-30% risk of emesis): 

dexamethasone, metoclopramide or a 5-HT3 RA as needed 

• Minimal Emetogenic IV Chemotherapy (<10 risk of emesis): no routine 

prescription 

• Moderate to Highly Emetogenic Oral Chemotherapy: 5-HT3 RA daily 
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• Minimal to Low Emetogenic Oral Chemotherapy: 5-HT3 RA or 

metoclopramide, as needed 

• Radiation Therapy: 5-HT3 RA with or without dexamethasone daily. 

For the control of anticipatory nausea, avoiding nauseating smells, relaxation methods 

(such as music therapy, yoga, hypnosis), acupuncture/acupressure and/or anxiolytic 

therapy is recommended. 

b. The 2016 Multinational Association of Supportive Care in Cancer (MASCC) and 

European Society for Medical Oncology (ESMO) Guidelines for the Prevention 

of Chemotherapy- and Radiotherapy-induced Nausea and Vomiting generally 

advise the prescription of the following anti-emetic regimens (2): 

• Highly Emetogenic Chemotherapy: Day 1: NK1 RA, 5-HT3 RA and 

dexamethasone. Beyond Day 1: NK1 RA and/or dexamethasone as 

needed 

• Moderately Emetogenic Chemotherapy: Day 1: 5-HT3 RA and 

dexamethasone. Beyond Day 1: dexamethasone as needed 

• Low and Minimal Emetogenic Chemotherapy: no routine prescription 

• Radiation therapy: NK1 RA, 5-HT3 RA or dexamethasone as needed. 

Benzodiazepines as well as behavioural interventions, such as muscle relaxation and 

hypnosis, are recommended to reduce the occurrence of anticipatory nausea and 

vomiting. 

c. The American Society of Clinical Oncology (ASCO) 2017 Guidelines for Anti-

emetics in Oncology generally advise the prescription of the following 

antiemetic regimens (3): 

• Highly Emetogenic Antineoplastic Therapy: Day 1: NK1 RA, 5-HT3 RA, 

dexamethasone and an anti-psychotic (olanzapine). Days 2-4: 

dexamethasone and olanzapine 

• Moderately Emetogenic Antineoplastic Therapy: Day 1: 5-HT3 RA and 

dexamethasone. Days 2-3: dexamethasone 

• Low Emetogenic Antineoplastic Therapy: dexamethasone or a 5-HT3 RA 

as needed 

• Minimal Emetogenic Anti-neoplastic Therapy: no routine prescription. 

• Highly Emetogenic Radiation Therapy: Day 1-2: 5-HT3 RA and 

dexamethasone 
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• Moderately Emetogenic Radiation Therapy: Day 1: 5-HT3 RA with or 

without dexamethasone 

• Low Emetogenic Radiation Therapy: dexamethasone if needed 

• Minimal Emetogenic Radiation Therapy: dexamethasone or 5-HT3 RA if 

needed. 

d. A prospective observational study on 1,128 chemotherapy naïve adults found 

that the use of CINV-prophylaxis consistent with guidelines compared with 

patients who inconsistently followed guidelines significantly increased odds of 

complete CINV response (no emesis and no use of rescue antiemetic 

medication) during cycle 1 of treatment (OR: 1.43; 95%CI, 1.04 to 

1.97; P=0.027) (4). Complete response was reported by 60% of patients who 

followed CINV-prophylaxis guidelines and 51% of patients who did not follow 

guidelines (P=0.008). However, not all variability was accounted for in statistical 

analyses, such as adherence of prescribing physicians to antiemetic guidelines. 

e. A prospective observational study on 1,295 chemotherapy naïve adults found 

that the incidence of no CINV was significantly higher in patients who were 

prescribed antiemetics consistent with guidelines (53%) compared with patients 

who were prescribed antiemetics inconsistent with guidelines (44%; 95%CI, 

1.07 to 1.69; P=.037) (5). However, a limitation of this study was that patients 

were grouped according to physician antiemetic prescription rather than patient 

adherence to prescribed antiemetics.  

f. A prospective observational study on 102 chemotherapy naïve adults found 

statistically significant differences between those who followed antiemetic 

guidelines and those who did not for presence of acute vomiting (P=0.014), 

number of times of acute vomiting (P=0.018), presence of delayed vomiting 

(P=0.022), number of times of delayed vomiting (P=0.021), and amount of 

delayed nausea (P=0.02) (6). The main limitation of this study was the reliance 

on prescription records to identify patients who had not filled their prescriptions 

to determine antiemetic compliance. 

g. The Society for Integrative Oncology (SIO) developed evidence-based 

guidelines on the use of complementary therapies during and after breast 

cancer treatment (7), which are endorsed by the ASCO (8). These guidelines 

give Grade B recommendations for the adjuvant use of acupressure to reduce 

CINV and electroacupuncture to control chemotherapy-induced vomiting; and 
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a Grade C recommendation for the use of relaxation in combination with 

antiemetic drugs to reduce CINV.  

h. A systematic review of 13 RCTs with sample sizes ranging from 10 to 739 found 

that acupuncture compared with control reduced the frequency of acute 

chemotherapy-induced vomiting (MD:-7.40; 95%CI, -9.07 to -5.72; P<0.00001) 

and reduced the dose of rescue antiemetic medication following chemotherapy 

in patients of any age with any cancer type (MD: -5.52; 95%CI, -7.45 to -

3.58; P<0.00001) (9). However, dosage and method of acupuncture was not 

standardized and varied greatly between studies. 

i. A systematic review of 12 RCTs representing 1,419 participants with any 

cancer type found acupressure reduced the severity of acute (SMD: -0.18; 

95%CI, -0.31 to -0.05, P<0.01) and delayed (SMD: -0.33; 95%CI, -0.64 to -

0.01: P=0.04) chemotherapy-induced nausea (10). There was no beneficial 

effect found on vomiting and a major limitation was clinical heterogeneity in 

regard to dosage, method and reporting of acupressure. 

j. Three RCTs in a systematic review examined the effects of muscle relaxation-

guided imagery combination on CINV in breast cancer patients (11). Qualitative 

assessment highlighted that significant improvements in CINV were reported in 

all three studies; in particular, decreased vomiting frequency and duration, 

decreased nausea intensity and reduced retching. However, raw data and 

probability values were not provided and included studies were largely 

heterogeneous in regard to interventions, stage in cancer journey, and CINV 

evaluation methods. 

k. A systematic review of seven RCTs qualitatively concluded that hypnosis was 

more effective than comparison procedures in reducing CINV in children (12). 

Meta-analysis data and probability values were not reported; however, 

calculated weighted mean effect sizes favoured hypnosis over treatment as 

usual (D=0.99), therapist contact (D=0.43) and cognitive behaviour therapy 

(D=0.18). A limitation is lack of reporting of and varying hypnosis methods. 

l. A systematic review examining the effectiveness of hypnosis in breast cancer 

care (13) located one randomized controlled trial (14), which reported effects 

on nausea. This study found that 15-minutes of preoperative hypnosis using a 

standardized procedure was associated with significantly greater 

improvements in postoperative surgery-related nausea compared with the 
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attention control group (mean VAS Score: 6.57 versus 25.49; mean difference: 

18.92; 95%CI, 12.98 to 24.87; P<0.001). A limitation reported in this study was 

that participants were not blinded to the intervention; however, this would not 

be easily possible with the nature of the intervention.  

m. A systematic review of systematic reviews pooled results from seven RCTs to 

find that 47% of medical cannabinoid users undergoing chemotherapy had 

control of nausea and vomiting, compared with 13% taking the placebo (RR: 

3.60; 95%CI, 2.55 to 5.09; number needed to treat (NNT): 3; P<0.00001) (15). 

In addition, 31% of medical cannabinoid users had control of nausea and 

vomiting compared with 16% taking neuroleptics (RR 1.85; 95%CI, 1.18 to 

2.91; NNT: 7; P=0.008). However, meta-analyses had considerable 

heterogeneity (I2=60%) that could not be resolved with sensitivity analysis and 

was likely attributable to patient age and gender, tumour type, chemotherapy 

regimen and dosing of cannabinoids. Furthermore, this review reported 

adverse events' association with cannabinoids to be very common (dizziness, 

sedation, confusion, dissociation and "feeling high"). Medical cannabinoid use 

was associated with increased withdrawal due to adverse events compared 

with antiemetics alone (RR: 3.2; 95%CI, 1.3 to 8.0; P value not reported). 

n. A systematic review of 21 RCTs on 1,713 participants on auricular therapy for 

chemotherapy-induced nausea and vomiting found substantial methodological 

flaws and clinical heterogeneity between studies, making meta-analysis 

impossible (16). Qualitative analysis of the data concluded that auriculotherapy 

may be a promising approach to managing CINV in combination with 

antiemetics; however, substantial heterogeneity warrants further research prior 

to recommending its use. 

 

COMMENTS 
 
Diet is generally not a first-line of therapy; however, dietary recommendations exist 

within the NCCN (1) and SIO (7). Guidelines may be beneficial in conjunction with 

antiemetic medications (See Key Practice Points 2: Behavioural Interventions and Key 

Practice Point 4: Ginger).  
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Choice of antiemetics prescribed to prevent and manage cancer-related nausea and 

vomiting are based on emetic risk of the cancer therapy, stage of cancer, prior patient 

experiences with antiemetics and patient factors that increase risk of nausea and 

vomiting (1-3). A patient’s risk of experiencing CINV while undergoing chemotherapy 

can be predicted using a scoring algorithm, which guides best practice antiemetic 

prescription (4). This algorithm is based on evidence suggesting that age (<60 years), 

expectation of experiencing CINV, <7 hours sleep the night prior to chemotherapy, 

history of motion sickness, receiving platinum or anthracycline chemotherapy, use of 

non-prescribed antiemetics, and a history of nausea or vomiting in the previous cycle 

increase risk of CINV; and history of prior chemotherapy cycles decreases CINV risk.   

 

RATIONALE 
 
Most often, the nausea and vomiting that a cancer patient experiences is due to their 

chemotherapy treatment; however, nausea and vomiting can also be caused by 

radiation therapy, proton beam therapy, immunotherapy, medications, bowel 

obstruction, psychological factors, other symptoms and side-effects, such as pain, and 

effects of the cancer itself (e.g. gastrointestinal location, liver or brain metastases, 

electrolyte imbalance, hypoglycemia) (2). 
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KEY PRACTICE POINT #2 
 

SUMMARY  
 

Recommendation 
Diet modification is one of several non-pharmacologic approaches used in the 

management of cancer-related nausea and vomiting, in addition to behavioral 

interventions, acupuncture, aromatherapy and music therapy.  Dietary guidelines for 

prevention and management of nausea and vomiting are largely based on expert 

opinion and anecdotal reports. More research is needed to support optimal dietary 

recommendations for management of nausea and vomiting. Individuals should also 

be advised to be cautious with the use of any herbal products and to consult their 

health practitioner for advice. 

  

The existing research on dietary behaviours is based on a limited number of studies 

with small sample sizes and the remainder of these dietary guidelines are largely 

based on anecdotal reports and expert opinion. More research is warranted to support 

optimal dietary recommendations for the management of cancer-related nausea and 

vomiting; however, the following dietary modifications are supported in some evidence 

and may benefit cancer-related nausea and vomiting: 

  

• Eat bland foods and liquids that are easy on the stomach. These include ones 

that may have been tolerated when sick previously, such as toast or bread, 

plain dry biscuits, plain or vanilla yogurt, flat soft drinks and clear broth. Lemon, 

lime, ginger or other tart-flavoured foods and drinks may also be more 

tolerable.  

• Consume protein-rich meals and snacks. This promotes gastrin secretion, a 

hormone that also helps to regulate stomach motility, which is involved in 

nausea and vomiting.  

• Avoid foods and drinks that trigger nausea. These commonly include fatty or 

fried foods, fats and oils, full-cream dairy products, creamy foods, spicy foods, 

rich and sweet cakes or pastries and chocolate. 

• Eat small frequent meals and snacks and do not skip meals and snacks. Eat 

six to eight small meals instead of three large meals a day. Even if appetite is 
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poor, meals and snacks should be encouraged. For many people, hunger or 

having an empty stomach makes nausea worse.  

• Consume food before chemotherapy treatment.  

• Consume foods and beverages at room temperature. These foods may be best 

as they do not typically taste or smell strong, e.g. sandwiches, salads, puddings 

such as creamed rice, custard, mousse, yogurt, canned/tinned fruit or 

jelly/gelatin. 

  

In individuals undergoing radiation and chemotherapy, if nutritional intake is severely 

compromised due to intractable nausea, enteral nutrition may be indicated. If 

intractable vomiting causes chronic severe enteral food intolerance that cannot be 

overcome with tube feeding, parenteral nutrition is indicated. 

  

Evidence Summary 
Dietary Changes 

The NCCN guidelines recommend lifestyle changes to prevent cancer-related nausea 

and vomiting including to:  

• Eat six to eight small and frequent healthful meals and snacks and eat when 

appetite is best. 

• Consume foods and beverages at room temperature that typically do not have 

a strong taste or smell. 

• Eat bland foods and liquids that are easy on the stomach, including foods that 

have been tolerated when sick previously. 

• Avoid foods that trigger nausea, typically fatty, creamy, spicy, rich and sweet 

foods. 

There is no comment on the quality of evidence for this recommendation. 

Grade of Evidence: C (conclusion supported by limited evidence or expert opinion). 

  

Consuming Food Prior to Chemotherapy 

A prospective observational study suggests consuming food prior to chemotherapy 

reduces the likelihood of chemotherapy-induced nausea and vomiting. Grade of 

Evidence: C (conclusion supported by limited evidence or expert opinion). 
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Protein 

An RCT suggests that meals containing protein may be most beneficial in reducing 

nausea and vomiting by reducing stomach dysrhythmia and enhancing normal 

stomach activity. Grade of Evidence: B (conclusion supported by fair evidence). 

  

Enteral and Parenteral Nutrition  

For patients undergoing radiotherapy, the ESPEN Guidelines for nutrition in cancer 

patients recommends enteral nutrition where oral nutrition intake is severely 

inadequate and parenteral nutrition only where enteral nutrition is not tolerated, such 

as with severe vomiting. Grade of Evidence: A (conclusion supported by good 

evidence). 

 

For patients undergoing radiotherapy, the ESPEN Guidelines for nutrition in cancer 

patients recommends enteral nutrition where oral nutrition intake is severely 

inadequate and parenteral nutrition only where enteral nutrition is not tolerated, such 

as with severe vomiting. Grade of Evidence: B (conclusion supported by fair 

evidence). 

 

EVIDENCE 
 

a. The National Comprehensive Cancer Network (NCCN) 2018 Clinical Practice 

Guidelines in Oncology for Anti-emesis (1) are the only guidelines identified that 

recommend dietary modifications for the prevention of nausea and vomiting. In 

conjunction with antiemetic use, it is recommended to eat small and frequent 

healthful meals, eat foods at room temperature, eat things that are easy on the 

stomach, and to avoid foods that trigger nausea. However, there is no comment 

on the quality of evidence for this recommendation. 

b. A prospective observational study of 143 breast cancer patients receiving 

chemotherapy suggests that those who do not consume food before 

chemotherapy are 6.8 times more likely to experience chemotherapy-induced 

nausea and vomiting (CINV) compared with patients who do eat before 

chemotherapy (OR: 6.81; 95%CI, 2.5 to 18.6) (2). However, this study did not 

specify time frame or meal composition and there was large heterogeneity 
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between participants in terms of disease stage as well as chemotherapy and 

antiemetic regimens used.  

c. An RCT of 28 cancer patients undergoing chemotherapy reported the most 

significant reduction in CINV was experienced in the high protein group (32 g 

protein/1 g ginger root) compared to the control (no intervention) and moderate 

protein (17 g protein/1 g ginger root) groups (C2(2)=12.7, P<0.01) (3). Gastric 

tachyarrhythmia was found to decrease significantly from before to after 

ingestion of the high protein meal (t(4)=3.13, P<0.05) and normal gastric 

activity increased significantly during this time (t(4)=2.70, P<0.05). Limitations 

with this evidence include small sample size and varying cancer types, 

chemotherapy and antiemetic regimens. See Key Practice Point 4 for the 

effects of ginger on cancer-related nausea and vomiting. 

d. The European Society for Clinical Nutrition and Metabolism (ESPEN) 

Guidelines for Nutrition in Cancer Patients recommends enteral nutrition where 

oral nutrition intake is severely inadequate and parenteral nutrition only where 

enteral nutrition is not tolerated (for example, with severe vomiting) in patients 

receiving radiotherapy (strong recommendation based on moderate quality 

level of evidence) (4). This recommendation is also made for chemotherapy 

patients (weak recommendation based on low quality level of evidence). 

 

COMMENTS 
 
Certain dietary modifications are commonly endorsed by educational resources and 

dietitians in practice; however, no scientific evidence exists to support their use. 

Possible benefits of such interventions likely outweigh any harms, therefore the 

following recommendations may also be useful (5): 

• Avoid favourite foods when nauseated. This can link favourite foods with feeling 

sick. 

• Reduce or eliminate any potentially nauseating stimuli (sight, sound or smell). 

Food preparation should be avoided if possible. Fresh air circulating with a fan 

or window open may also be beneficial.  

• Sip small amounts of fluids frequently. Best choices may include flat carbonated 

beverages like ginger ale, sports drinks, clear juices, water and frozen ice or 

juice chips. Avoid drinking for at least 30 minutes after vomiting, and then start 
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with small sips. Sip only small amounts of liquids during meals as eating and 

drinking at the same time can lead to bloating, which may trigger or exasperate 

nausea. 

• Chew food slowly and well. 

• Maintain good oral hygiene. Brush teeth at least twice per day and rinse with 

water or mouthwash often.  This will help reduce unpleasant mouth taste that 

can contribute to nausea.  

• Avoid reclining at least one hour after eating or ensure the head of the bed is 

elevated. 

• Plan the best times to eat and drink. Maximize food and drink intake at times of 

the day when feeling best. There may be times of the day when appetite is 

better, such as the morning; therefore, it should be recommended to make the 

most of these times by eating well. 

• Nutritional supplements may be useful. A dietitian is able to prescribe nutrition 

supplements to provide additional nourishment in small volumes of food or fluid 

if nausea and vomiting is making oral intake difficult. 

The existing research on dietary behaviours is based on a limited number of studies 

with small sample sizes and the remainder of these dietary guidelines are largely 

based on anecdotal reports and expert opinion. Therefore, more research is warranted 

to support optimal dietary recommendations for the management of cancer-related 

nausea and vomiting. This research needs to consider the challenges in conducting 

nutrition research, such as the baseline nutritional status of study participants, 

implementing and defining control groups, blinding participants and investigators as 

well as ethical issues associated with randomizing participants and providing 

nutritional interventions in this vulnerable population (5).   

 
RATIONALE 
 

The proposed mechanism for eating prior to chemotherapy, along with the 

recommendation to eat regularly, is that ingestion of food helps to maintain normal 

myoelectrical rhythm of the stomach, which is dysregulated in the presence of nausea 

(5,6). 
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Normal stomach activity, defined by the myoelectrical rhythm of the stomach, is further 

promoted by the peptide hormone, gastrin, which is secreted in response to protein 

ingestion, therefore, protein intake is believed to reduce nausea and vomiting (5). 
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KEY PRACTICE POINT #3 
 
SUMMARY 
 
Recommendation 
Dietary Counselling 

Dietary counselling during and up to three months after radiation treatment can lead 

to improved outcomes including decreased severity of nausea and vomiting for 

individuals with certain types of cancer such as colorectal and head and neck cancers. 

Benefits for patients with other cancers and those undergoing chemotherapy and other 

cancer treatment regimens is unclear; however, possible benefit is likely to outweigh 

any harm.  

  

Nutrition Assessment 

Guidelines recommend that all individuals with cancer undergo regular nutrition 

assessment by a dietitian. This assessment should include the nutritional impact of 

treatment, such as nausea and vomiting, and guide intervention, as needed. 

 

Evidence Summary 
One randomized control trial suggested that dietary counselling is most beneficial in 

reducing nausea and vomiting in colorectal and head and neck cancer patients 

receiving radiotherapy, when compared to receiving nutritional supplements alone or 

no dietary intervention. Grade of Evidence: B (conclusion supported by fair evidence). 

 

The ESPEN Guidelines for Nutrition in Cancer Patients recommend regular 

assessment of nutritional intake and nutrition impacting symptoms to justify, inform 

and guide nutritional interventions. Grade of Evidence: C (conclusion supported by 

limited evidence or expert opinion). 

 

Remarks  
Existing literature is limited and has only been conducted in populations receiving 

radiotherapy indicating potential benefits for nausea and vomiting; therefore, further 

research is warranted to define dietary counselling methods as well as to determine 
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whether of benefit to individuals undergoing chemotherapy and other cancer treatment 

regimens. 

  

There is no consensus on the best method to assess nutritional intake and nutrition 

impacting symptoms, such as nausea and vomiting. Assessment tools in cancer 

patients include the Subjective Global Assessment (SGA), Patient-Generated 

Subjective Global Assessment (PG-SGA) and the Mini Nutritional Assessment (MNA). 

See: Nutrition Screening Tools. 

 

The presence of cancer and nausea and/or vomiting pre-disposes individuals to a high 

score, which warrants dietitian referral and intervention. Therefore, according to best 

practice guidelines, the majority of individuals with cancer and nausea and/or vomiting 

would benefit from dietitian input to assist with symptom management and to prevent 

and manage malnutrition. See Additional Content: Malnutrition Knowledge Pathway. 

 

EVIDENCE 
 

a. One randomized controlled trial reported across two papers (1,2) investigated 

the impact of dietary counselling (group 1) compared with nutritional 

supplements (group 2) or no dietary intervention (group 3) on outcomes in 

colorectal (n=111) and head and neck (n=75) cancer patients during and after 

three months of radiotherapy. After radiotherapy and at three months, rates of 

nausea and vomiting were significantly higher in those who had no dietary 

intervention (group 3) compared to those who were given dietary counselling 

(group 1) or protein supplements (group 2). At three months post-radiation, 

100% of colorectal cancer patients reported improved nausea and vomiting in 

group 1, 62% in group 2 and 52% in group 3 (P<0.0001) (2) and 90% of head 

and neck cancer patients reported improved nausea and vomiting in group 1, 

67% in group 2 and 51% in group 3 (P<0.0001) (1). Limitations include lack of 

consideration or control of background dietary intake and varying cancer stages 

at baseline (1,2).  

b. The European Society for Clinical Nutrition and Metabolism (ESPEN) 

recommend regular assessment and monitoring of nutritional intake and 

nutrition impacting symptoms, such as nausea and vomiting, using a validated 

https://www-pennutrition-com.ezproxy.bond.edu.au/calculators/nutrition_screening_tools.aspx
https://www-pennutrition-com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=24802
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tool in all cancer patients (strong recommendation based on very low quality 

level of evidence). Patients with nutrition impacting symptoms, such as nausea 

and/or vomiting, are recommended to receive a referral to, and intervention 

from, a dietitian. It is also recommended that assessments should then justify, 

inform and guide nutritional interventions. 
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KEY PRACTICE POINT #4 
 
SUMMARY 
 
Recommendation 
The use of ginger appears to be safe for adults undergoing chemotherapy and may 

provide some benefit in combination with standard antiemetics for chemotherapy-

induced vomiting as well as fatigue. Existing literature fails to provide an ideal dosing 

regimen or supplement formulation in this setting.  

 

The use of ginger for nausea and vomiting in children and in adults receiving 

radiotherapy and those not undergoing treatment is more novel and therefore, 

recommendations cannot be made at this time. 

 

Evidence Summary 
A 2019 systematic review and meta-analysis suggests ginger supplementation for 

more than three days with doses ≤1 g/day significantly reduces acute vomiting 

incidence in adults by 63%; however, no association was found between ginger and 

overall or delayed vomiting incidence, nausea incidence or severity or patient quality 

of life. Grade of Evidence: B (conclusion supported by fair evidence). 

  

One RCT suggests that ginger supplementation of 1-2 g/day reduces chemotherapy-

induced nausea and vomiting in children. Grade of Evidence: C (conclusion supported 

by limited evidence or expert opinion). 

 

Remarks 
Ginger supplementation may exasperate reflux or heartburn and is contraindicated in 

populations with thrombocytopenia, platelet function defect or coagulopathy due to 

ginger’s possible potential to inhibit platelet aggregation. See Additional Content: Is 

ginger safe for individuals who are prescribed warfarin?  

  

The recommendations made for ginger and chemotherapy-induced nausea and 

vomiting are based on the most recent systematic review, in which the authors 

identified heterogeneity in the supplement composition, dosing schedule and patient 

https://www-pennutrition-com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=11728&pqcatid=145&pqid=26998
https://www-pennutrition-com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=11728&pqcatid=145&pqid=26998
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groups and concluded that further research using stronger study designs, adequate 

sample sizes, standardized ginger products and validated outcome measures is 

warranted to confirm efficacy of ginger supplementation and optimal dosing regimens. 

 

EVIDENCE 
 

a. A 2019 systematic review and meta-analysis (searched up until April 2018), 

identified 18 studies (20 clinical trial interventions) that examined the effect of 

ginger supplementation in comparison to a placebo or standard care alone on 

chemotherapy-induced nausea and other related outcomes in adults (1). 

Certainty of evidence was assessed using the GRADE approach. This review 

found ginger supplementation for >3 days at doses ≤1 g/day significantly 

reduced acute vomiting incidence by 63% (95%CI, 0.2 to 0.8; P=0.01; GRADE 

level: moderate). Ginger supplementation of any dose for ≤3 days significantly 

reduced odds of incidence of fatigue by 85% (95%CI, 0.03 to 1.87; P=0.03; 

GRADE level: low). No association was found between ginger and overall or 

delayed vomiting incidence (GRADE level: very low), acute nausea incidence 

(GRADE level: very low), delayed or overall nausea incidence (GRADE level: 

moderate), acute or overall nausea severity (GRADE level: low), delayed 

nausea severity (GRADE level: very low) or patient quality of life (GRADE level: 

low). No studies reported on other outcomes that may impact on nausea and 

vomiting, such as anxiety and depression; stomach dysrhythmia, tachygastria 

or bradygastria; nutrition status; and dietary intake. Of the interventions that 

reported ginger supplementation dosage, a dose of 0.2-2g/day was 

administered orally with doses of ≤1 g/day for >3 days suggested as most 

beneficial. In terms of safety, adverse event incidence was significantly higher 

among chemotherapy patients administered ginger (OR 2.03; 95%CI, 1.4 to 

3.0; P=.0003); however, the adverse events were mild and most studies failed 

to distinguish events reasonably relatable to the intervention. Furthermore, 

meta-analysis suggested that the incidence of heartburn, a commonly reported 

side-effect of ginger, did not differ between the study groups (OR: 1.88; 95%CI, 

0.7 to 5.2; P=0.22). Limitations of this review include heterogeneity in the 

supplement composition, dosing schedule, and patient groups; highlighting the 
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need for research using stronger study designs, adequate sample sizes, 

standardized ginger products and validated outcome measures. 

b. Only one clinical trial was found that had been conducted in children (2). This 

double-blind randomized placebo-controlled trial found adjuvant ginger root 

powder of 1-2 g/day significantly reduced the incidence of acute nausea 

(control group: nausea experienced in 28/30 chemotherapy cycles; ginger 

group: 15/27; P=0.003), delayed nausea (control group: 23/30; ginger group: 

7/27; P<0.001), acute vomiting (control group: 23/30; ginger group: 

9/27; P=0.002), and delayed vomiting (control group: 14/30; ginger group: 

4/27; P=0.022). Limitations included randomization by chemotherapy cycle 

rather than per participant as well as small sample size.  

 

COMMENTS 
 

No studies in the above systematic review (1) reported outcomes on platelet function; 

however, this has been reported elsewhere in a systematic review of 10 studies (3) 

that searched up until May 2014. It was concluded that the available evidence 

investigating whether ginger affects platelet aggregation and coagulation is 

inconclusive and further research is needed before ginger can be considered safe for 

use in patients with thrombocytopaenia, platelet function defects or coagulopathy.  

  

In terms of dosage frequency, research suggests ginger should be distributed at least 

four times across the day rather than once or twice daily due to ginger’s short 

elimination half-life of ≤2 hours (4). However, this research regarding the half-life of 

ginger should be interpreted with caution due to the limited data set (N=27). 

 
RATIONALE 
 

Gingerol and shogaol compounds within ginger are thought to interact with multiple 

components of CINV pathways to render its beneficial effects. It is proposed that 

ginger acts similarly to 5-HT3 receptor antagonists, such as ondansetron; acts as a 

muscarinic and histaminergic receptor antagonist, such as aprepitant; regulates 

gastric emptying and gastrointestinal motility; and reduces oxidative stress and 

inflammation (4,5). 
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KEY PRACTICE POINT #5 
 
SUMMARY 
 
Recommendation 
Limited evidence suggests that taste changes may be linked to a higher incidence of 

nausea and vomiting among adults receiving chemotherapy and in children with 

cancer. Managing taste changes may be beneficial in managing nausea and vomiting. 

 

See Additional Content: What are optimal diet strategies for managing taste changes 

in adult patients undergoing cancer treatment? 

 
Evidence summary 
An observational study suggests adults experiencing nausea and vomiting while 

undergoing chemotherapy report more taste changes and presence of a metallic taste. 

Grade of Evidence: C (conclusion supported by limited evidence or expert opinion). 

  

An observational study suggests that adults receiving chemotherapy who experience 

nausea are more likely to report taste and/or smell changes than those without. Grade 

of Evidence: C (conclusion supported by limited evidence or expert opinion). 

  

In children, an observational study suggests nausea is associated with changes in 

taste. Grade of Evidence: C (conclusion supported by limited evidence or expert 

opinion). 

 

EVIDENCE 
 

a. In a cross-sectional observational study of 284 adults receiving chemotherapy, 

68% of participants reported taste changes (1). Those who reported nausea 

noted statistically significantly more frequent taste changes (P=0.0002) and a 

metallic taste (P=0.001) more often than subjects without nausea. Those who 

reported vomiting were significantly more likely to report moderate or major 

taste changes than those who did not report vomiting (P=0.006). However, raw 

data was not reported determining the clinical significance of these findings. 

http://www.pennutrition.com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=5935&pqcatid=146&pqid=5974
http://www.pennutrition.com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=5935&pqcatid=146&pqid=5974
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b. An observational study on 518 adults receiving chemotherapy (n=518), found 

patients with taste and/or smell changes were more likely to experience nausea 

than those without taste changes (participants with nausea: OR: 4.0; 

participants without nausea: OR: 1.0; P<0.01 between groups) (2). However, 

large variances in patient diagnosis, treatment and stage of disease were not 

addressed or accounted for statistically.  

c. An observational study conducted on 502 children with cancer found a higher 

nausea score was independently associated with a greater likelihood of any 

bothersome changes in taste (OR: 2.35; 95%CI, 1.6 to 3.6; P<0.0001) and 

severely bothersome changes in taste (OR: 1.59; 95%CI, 1.0 to 2.4; P=0.031) 

(3). However, this study did not use evaluation tools that allowed for identifying 

whether taste changes may have been as a result of taste aversions or changes 

in smell.    

 

RATIONALE 
 
Little is known about the relationship between taste changes and nausea and vomiting; 

however, numerous explanations have been hypothesized. Firstly, individuals 

receiving highly emetogenic cancer therapies more likely to cause nausea and 

vomiting may also be more likely to cause taste changes (3). Secondly, the physical 

effect of vomiting may affect taste perceptions or nausea may induce taste aversions. 

Lastly, individuals with nausea and/or vomiting may be more likely to be experiencing 

nutritional deficiencies that can lead to alterations in taste. 
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KEY PRACTICE POINT #6 
 
SUMMARY 
 
Recommendation 
Limited evidence suggests that habitual alcohol intake is related with a lower incidence 

of chemotherapy-induced nausea and vomiting (CINV). However, this research is 

largely heterogeneous regarding alcohol dose, nausea and vomiting evaluation, 

chemotherapy treatments and antiemetic use. Excessive alcohol consumption is also 

associated with health risks and influences the metabolism of chemotherapy. 

Therefore, the recommendation to consume alcohol while undergoing chemotherapy 

is not warranted and adherence to alcohol guidelines and/or individualized advice from 

dietitians and/or treating physicians is recommended for this population. See: Alcohol 

Guidelines. 

 
Evidence Summary  
An observational study suggests that alcohol consumption may reduce chemotherapy-

induced vomiting, with no difference in effect found between those who 

consumed alcohol three or more times per week compared with one to two times per 

week. Grade of Evidence: C (conclusion supported by limited evidence or expert 

opinion). 

  

Observations from two RCTs indicate that alcohol use of five or more drinks per 

week may be associated with a reduced likelihood of chemotherapy-induced vomiting 

and consumption and less than five drinks per week may increase risk. Grade of 

Evidence: C (conclusion supported by limited evidence or expert opinion). 

  

A prospective cohort study concluded higher alcohol consumption per week may be 

associated with reduced acute nausea and vomiting incidence; however, this 

relationship was only found for one of three chemotherapy cycles and no association 

was found between alcohol intake and delayed nausea and vomiting. Grade of 

Evidence: C (conclusion supported by limited evidence or expert opinion). 

https://www-pennutrition-com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=1417&trid=21675&trcatid=27
https://www-pennutrition-com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=1417&trid=21675&trcatid=27
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 A prospective cohort study found no alcohol intake was associated with increased 

likelihood of vomiting only in the acute phase as well as nausea in both the acute and 

delayed phase. Grade of Evidence: C (conclusion supported by limited evidence or 

expert opinion). 

 
Remarks 
Although, several studies have demonstrated that alcohol may benefit CINV, the 

definition of alcohol consumption, evaluation of nausea and vomiting as well as the 

chemotherapy and antiemetic treatments vary greatly between these studies and 

needs to be more rigorously defined with future research. 

 

See Additional Content: What are the risks of alcohol consumption? 

 
EVIDENCE 
 

a. An observational study of breast cancer patients receiving chemotherapy 

(n=81) found that the number of participants who reported complete response 

(CR; no vomiting without rescue antiemetics) to be higher in participants who 

consumed alcohol (amount unspecified; CR: 85%) compared to those who did 

not (CR: 19%; P=0.029) (1). Logistic regression analysis found alcohol intake 

to be an independent predictive factor for complete response to vomiting 

(P=0.013). However, although statistical significance was not reported, effects 

on vomiting did not appear to differ largely between those who consumed 

alcohol three or more times per week (CR: 40%; non-CR: 21%) compared to 

those who consumed alcohol one to two times per week (CR: 40%; non-CR: 

36%). Limitations included failure to quantify exact amount of alcohol intake as 

well as participants having varying cancer stages, chemotherapy types and 

antiemetic regimens. 

b. Observations from an RCT of breast cancer patients undergoing chemotherapy 

(n=886) indicated that alcohol use of five or more drinks per week was 

associated with reduced likelihood of vomiting (P=0.005) (2). Light or no alcohol 

use was associated with increased risk of vomiting in the group given only 

https://www-pennutrition-com.ezproxy.bond.edu.au/KnowledgePathway.aspx?kpid=1417&pqcatid=146&pqid=1397
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ondansetron and dexamethasone antiemetics (P=0.011), but not in the group 

given aprepitant in addition to the antiemetic regimen (P=0.16). The addition of 

aprepitant was associated with statistically significant increased odds of no 

emesis, except for those who were consuming five or more alcohol drinks per 

week (OR: 1.31, 95%CI, 0.46 to 3.68), suggesting that alcohol may interact with 

antiemetic medication. Limitations included failure to quantify exact amount of 

alcohol intake as well as participants having varying cancer stages, 

chemotherapy types and antiemetic regimens.  

c. Observations from an RCT on chemotherapy patients (n=1043) found relative 

risk (RR) of complete response (no vomiting and no use of rescue antiemetics), 

was significantly lower in those who consumed five or more drinks per week 

compared with those who consumed less than five drinks per week in both 

groups (Group 1: anti-emetic regimen ondansetron/dexamethasone: RR 1.337; 

95%CI, 1.085 to 1.650; P=0.016; Group 2: 

ondansetron/dexamethasone/aprepitant: RR 1.212; 95%CI, 1.062 to 

1.382; P=0.017; combined groups: P=0.027) (3). Limitations included failure to 

quantify exact amount of alcohol intake as well as participants having varying 

cancer stages, chemotherapy types and antiemetic regimens. 

d. A prospective cohort study on chemotherapy patients (n=275) found patients 

who consumed more alcohol per week at cycle 1 of treatment reported 

significantly less acute vomiting than patients consuming lower amounts of 

alcohol (no alcohol: 19% incidence; 1-4 units/week: 11%; 5-10 units/week: 9%; 

³11 units/week: 0%;  P=0.03) and less acute nausea in the third cycle of 

treatment (no alcohol: 42%; 1-4 units/week: 51%; 5-10 units/week: 25%; ³11 

units/week: 25%;  P=0.02) (4). No significant results were found in other cycles 

or for delayed CINV. Limitations included failure to quantify exact amount of 

alcohol intake as well as participants having varying cancer stages, 

chemotherapy types and antiemetic regimens. 

e. A prospective cohort study on patients having chemotherapy (n=1549) found 

no alcohol intake was associated with increased likelihood of treatment failure 

(report of any emetic episodes or use of rescue antiemetics) in the acute (0-24 

hours post chemotherapy) phase compared to those who drank alcohol (OR: 
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1.93; 95%CI, 1.46 to 2.55; P<0.001) but not delayed (24-120 hours post-

chemotherapy) phase (OR: 1.24; 95%CI, 0.97 to 1.58; P=0.083) (5). No alcohol 

intake was also associated with increased likelihood of nausea of any grade in 

the acute (OR: 1.44; 95% CI, 1.13 to 1.83; P<0.001) and delayed phase (OR: 

1.33; 95%CI, 1.03 to 1.71; P=0.028). Limitations included failure to quantify 

exact amount of alcohol intake as well as participants having varying cancer 

stages, chemotherapy types and antiemetic regimens. 

 
RATIONALE  
 
The underlying mechanism of how alcohol may influence CINV is not yet fully 

understood. One proposed pathway is that alcohol stimulates production of alcohol-

metabolizing enzymes, which also enhances the metabolism of chemotherapeutic 

drugs and neurotransmitters that may trigger CINV pathways (1). Another proposed 

mechanism is that alcohol may reduce sensitivity and therefore reduce activation of 

the receptors of emetic stimulation-transmitting nerves that initiate CINV pathways. An 

additional proposed mechanism is that alcohol-metabolizing enzymes may influence 

the pharmacokinetics of antiemetics.  
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ABSTRACT 

Background and aims: Chemotherapy-induced nausea and vomiting (CINV) is one 

of the most distressing cancer treatment side effects, affecting 20-70% of patients 

despite routine antiemetic prescription. Although dietary modifications are routinely 

recommended in clinical practice, there is lack of data synthesis to determine which 

dietary strategies for managing CINV are supported by quality evidence. This 

systematic review was conducted to examine the effect of dietary strategies on 

incidence and severity of CINV in adults compared with no intervention, usual care, or 

alternative strategies. 

Methods: Five electronic databases were searched from inception to 15th July 2021 

for original research studies of interventional or observational design assessing dietary 

strategies for CINV. The quality of evidence was appraised, data were synthesized 

narratively, and Grading of Recommendations, Assessment, Development and 

Evaluations (GRADE) assessment of the certainty of the evidence was applied. 

Results: Twenty-one studies were included, 10 (48%) interventional studies and 11 

(52%) observational studies. Most interventional and observational studies had a high 

or neutral risk of bias (70% and 72%, respectively). Of the interventions studied, 

strongest evidence with highest certainty was found for the very large positive effect 

of CINV-specific education and support with a personalized meal plan from a dietician, 

implemented in person or in writing, for reducing the severity of nausea and overall 

CINV (effect size: very large; GRADE: high). A statistically significant very large 

positive effect of ginger tea consumption was also found on overall CINV severity; 

however, certainty in this effect was very low. Although confidence in the findings from 

observational studies was very low to low, a statistically significant positive association 

was also found between a moderate intake of alcohol and incidence of nausea, 

vomiting, or overall CINV as well as nausea severity; the Mediterranean diet and 

nausea incidence and severity; and adequate intake of energy, protein, fat, or 

carbohydrate and nausea or vomiting incidence.  

Conclusion: Improved CINV was associated with CINV-specific nutrition education 

and support from health professionals. Non-restrictive dietary patterns that include 

adequate energy and macronutrient intakes, particularly protein, and include ginger, 
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and Mediterranean diet concepts may benefit CINV; however, the confidence in the 

body of evidence to inform these conclusions is mostly very low to moderate. Future 

rigorous trials with adequate sample sizes, clearly defined dietary strategies, and valid 

outcome measures are warranted prior to dietary strategies being routinely prescribed 

alongside antiemetic regimens. 

Keywords: chemotherapy, nausea and vomiting, emesis, chemotherapy-induced 

nausea and vomiting (CINV), dietary strategies 
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INTRODUCTION 

Chemotherapy is a common and effective treatment for cancer; however, the 

associated side effects are often debilitating. Chemotherapy-induced nausea and 

vomiting (CINV) is one of the most distressing treatment side effects (1, 2) and can 

affect treatment completion as it is known to exacerbate fatigue, anxiety, and 

depression, as well as reduce quality of life (3, 4). CINV can also lead to mouth sores, 

swallowing difficulties, food aversions, food avoidance, and subsequent decreased 

food intake and protein-energy malnutrition, which further compromise treatment 

outcomes and quality of life (5, 6). Good management of CINV is therefore a priority 

to optimize treatment efficacy, quality of life, and subsequent survival (7-9) as well as 

reduce costs to healthcare systems and patients (10, 11).    

CINV is primarily managed with antiemetic medications prescribed in combination. 

The precise antiemetic regimen is tailored to the type and onset of nausea and 

vomiting (acute, delayed, anticipatory, or chronic), the emetogenicity of the 

chemotherapy, the clinical course of the disease, and patient characteristics (12). 

However, despite the significant pharmacological developments in antiemetic therapy, 

a concerning number of chemotherapy patients (20-70%) still experience CINV, with 

poor patient compliance to prescribed antiemetic regimens being a significant 

contributor (13-16). Drug interactions can also occur between antiemetics and 

chemotherapy agents or other medications, which reduces the efficacy or enhances 

the associated side effects of medications. Antiemetics have significant side effects of 

their own, such as sedation, anxiety, depression, headache, restlessness, 

hypotension, diarrhea, and constipation (17). Unsurprisingly, natural products, 

complementary and alternative medicines, as well as dietary strategies are of growing 

interest in assisting in the prevention and management of CINV and are valued by 

patients as a natural complement to chemotherapy treatment (18). 

Diet and nutrition are generally not a first line of therapy for CINV; however, clinical 

practice guidelines suggest that dietary interventions may provide added benefit to 

antiemetic regimens (19, 20). The National Comprehensive Cancer Network 

Antiemesis Guidelines (20) are the only antiemesis guidelines identified that 

recommend specific dietary modifications for the prevention and management of 

nausea and vomiting in cancer patients. These guidelines recommend eating six to 
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eight small and frequent meals and snacks per day, consuming foods and beverages 

at room temperature that do not have a strong taste or smell, and avoiding foods that 

commonly trigger nausea (i.e., fatty, creamy, spicy, rich, and sweet foods). However, 

these guidelines do not comment on the source or quality of evidence for these 

recommendations (20). There are also additional dietary modifications commonly 

endorsed by dietitians in practice and supported by the Practice-Based Evidence in 

Nutrition Guidelines for Managing Cancer-related Nausea and Vomiting, such as 

eating bland foods and liquids that are easy on the stomach and consuming protein-

rich foods (21, 22). However, these are largely based on anecdotal reports and expert 

opinion (23).  

Despite being routinely recommended in clinical practice, there is a lack of 

comprehensive information to determine which dietary strategies for managing CINV 

are evidence-based. This systematic review was conducted to examine the effect of 

dietary strategies on the incidence and severity of chemotherapy-induced nausea 

and/or vomiting in adults compared with no intervention, usual care, or alternative 

strategies. 

METHODS 

This systematic review was reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-analysis (PRISMA) statement (24) and registered with 

the International Prospective Register of Systematic Reviews (PROSPERO number 

CRD42021224081). 

Search strategy 

Medline (PubMed), Embase (Ovid), CINAHL (EBSCOhost), CENTRAL (Cochrane 

Library) and Web of Science (Web of Knowledge) databases were searched from 

inception to 15th July 2021. The search strategy (Supplementary Table 1) was 

designed in PubMed using a combination of keywords and controlled vocabulary 

terms and translated to other databases using Polyglot (25). A snowballing technique 

(26) was applied, whereby reference lists of included studies and relevant literature 

were screened to identify additional studies not located in the systematic search 

strategy up until 6th August 2021.  
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Selection of studies and outcomes 

Screening of titles and abstracts as well as full texts was completed by two 

investigators independently using Covidence (27). Screening conflicts were resolved 

by discussion between investigators. Extent of agreement between investigators at 

full-text review was calculated as Cohen’s kappa Statistical Package for the Social 

Sciences (SPSS) software [IBM SPSS Statistics for Macintosh, Version 28.0.1, 2021], 

whereby ≤0 indicated no agreement, 0.01-0.20 slight, 0.21-0.40 fair, 0.41-0.60 

moderate, 0.61-0.80 substantial, and 0.81-1.00 represented almost perfect agreement 

(28). 

Studies examining the effect of any dietary strategy on incidence or severity of 

chemotherapy-induced nausea and/or vomiting in adults with any type and stage of 

cancer were included. Studies of participants on any type of active chemotherapy were 

included and were excluded if participants underwent concurrent radiotherapy or 

surgery. Both interventional and observational study designs of any type were 

included to gain a broad understanding of the existing evidence. Dietary strategies 

used before or during the course of chemotherapy were defined as those modifying 

dietary patterns, eating behaviors, whole food/drink intake, macronutrient or energy 

intake, or dietary education but excluded nutraceuticals or functional foods taken with 

therapeutic intent. A full description of the eligibly criteria is presented in 

Supplementary Table 2.  

CINV outcomes were included using any tool at any timepoint before, during, or after 

chemotherapy administration. Anticipatory CINV was considered as any nausea or 

vomiting that occurred within 24 hours prior to chemotherapy administration, acute 

CINV as within 24 hours of chemotherapy administration, and delayed CINV as >24 

hours to up to 7-days post chemotherapy (29). Secondary outcomes of interest were 

nausea and/or vomiting-related effects, including quality of life, mental health and 

wellbeing, fatigue, gastrointestinal symptoms, bowel habits, and dietary intake.  

Data extraction and quality appraisal  

Study, participant, and intervention characteristics along with study findings were 

extracted independently by one investigator and checked for accuracy by a second 

investigator, with disagreements managed by discussion among investigators. Where 
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outcome data were missing in any study, investigators attempted to contact authors 

via email. Statistically significant results reported by studies were considered at p<0.05. 

Individual study quality using the Academy of Nutrition and Dietetics Quality Criteria 

Checklist for Primary Research (30) was carried out independently by two 

investigators. Conflicts were resolved by discussion between investigators. This 

validated quality appraisal tool is comprised of ten questions that assess the risk of 

bias associated with the research question, study population selection, study groups, 

methods of handling withdrawals, blinding, interventions, outcomes, statistical 

analyses, conclusions, and funding. Overall quality ratings were determined by 

summing questions to conclude an overall score of positive (low risk of bias), neutral 

(neutral risk of bias), or negative (high risk of bias) (30). 

The certainty in the estimated effect of each outcome was determined using the 

Grading of Recommendations, Assessment, Development and Evaluation (GRADE) 

method (31) using GRADEpro GDT software [GRADEpro Guideline Development 

Tool, McMaster University, 2015 (developed by Evidence Prime, Inc)]. This approach 

yields four levels of certainty for the estimated effect: very low (very little confidence), 

low (limited confidence), moderate (moderately confident), and high (very confident) 

(31). The GRADE level of evidence was determined by one investigator and reviewed 

and confirmed by a second investigator.  

Data synthesis  

Meta-analysis was planned where three or more studies evaluating the same 

intervention reported on the same outcome using the same tool. Data were reported 

via narrative synthesis in tables and text.  

RESULTS 

Search results and study quality 

Of the 4193 de-duplicated records identified, 171 were located for full text review, 

which led to the final inclusion of 21 studies reported across 22 papers (Figure 1; 

Tables 1-2). The Kappa statistic was calculated as 0.97, indicating near perfect 

agreement between investigators at full text screening. Of the ten (48%) interventional 
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studies (32-41), three (30%) studies had an overall high risk of bias (32, 38, 41), three 

(30%) studies had low risk of bias (34, 35, 40), and four (40%) studies had neutral risk 

of bias (Supplementary Figure 1) (36, 37, 42, 43). Of the 11 (52%) observational 

studies, four (36%) studies had an overall high risk of bias (44-47), three (28%) studies 

had a low risk of bias (48-50), and four (36%) studies had a neutral risk of bias (43, 

51-53). The main reason for the risk of bias in both interventional and observational 

studies was the lack of personnel blinding which is an acknowledged limitation in most 

dietary and counselling research; and other main reasons for bias in both 

interventional and observational studies were inadequate descriptions of 

interventions/exposures and outcomes. Bias due to study withdrawals was also 

commonly reported in observational studies. 

Population and study characteristics 

Interventional studies represented N=889 total participants (76% female; Tables 1, 2 

and Supplementary Table 3) and observational studies represented N=4443 

participants (75% females). Most studies included only female participants with 

gynecological or breast cancer (48%) (33-35, 37, 39, 40, 45, 46, 48-50) or participants 

with mixed cancer types (48%) (32, 36, 38, 42-44, 47, 51-53). Majority of studies (67%) 

included participants who were administered moderately or highly emetogenic 

chemotherapy regimens (32-37, 39, 40, 44, 46, 49-53) and combination adjuvant 

antiemetic medications (32-36, 39, 43-46, 48, 50-53). Twelve different tools were used 

to assess CINV: The Common Terminology Criteria for Adverse Events (CTCAE; n=4 

studies (35, 40, 49, 50)), The Visual Analogue Scale  (VAS; n=4 studies (44, 46, 51, 

52)), The Multinational Association of Supportive Care in Cancer Antiemesis Tool 

(MAT; n=3 studies (43, 48, 53)), The European Organisation for Research and 

Treatment of Cancer Core Quality of Life questionnaire (EORTC-QLQ-30; n=3 studies 

(33-35, 37)); The Rhodes Index of Nausea, Vomiting, and Retching (INV-R; n=1 study 

(36)); The Therapy-related Symptom Checklist (TRSC; n=1 study (47)); a validated 

researcher-developed tool (n=1 study (38)); and unvalidated researcher-developed 

tools (n=4 studies (32, 39, 42, 45)).
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Table 1. Summary of characteristics and findings of interventional studies examining the effect of dietary strategies on 

chemotherapy-induced nausea and vomiting in adults.  
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Dietary Patterns 
Fasting/Ketogenic Diet 
Lugten-
berg (37) 
RCT; 
Neth-
erlands 

N: 129 
Age (yrs): 
27-71  
Males: 0% 

Type: 
Breast 
Stage: 
Mixed 

High 
(100%) 

NR Strategy: Fasting diet (n=65) 
Duration: 4 days; 3 days before 
and day of CTX 

Normal diet 
(n=64) 

EORTC-
QLQ-
C30; 
day of 
CTX 

     NS      

Fatigue; 
GI 
symptoms
; bowel 
habits; 
QoL 

Zorn (40) 
Cross-
over; 
Germany  

N: 51 
Age (yrs): 
30-74  
Males: 0% 

Type: 
Gynae 
Stage: 
Mixed 

Mod 
(23%) 
High 
(77%) 

NR Strategy: Fasting with (n=24) or 
without ketogenic diet (n=27)  
Duration: Fasting for 4 days (3 
days before and day of CTX) 
with or without ketogenic diet 
for 6 days (from 9 to 3 days 
before CTX) 

Normal diet 
(n=51) 

CTCAE; 
1wk 
post 
CTX   NS   NS   NS   

Fatigue; 
GI 
symptoms
*; bowel 
habits; 
QoL 

Colourless/Odourless Diet 
Menash-
ian (32) 
RCT; USA 

N: 20 
Age (yrs): 
25-84  
Males: 47% 

Type: 
Mixed 
Stage: 
Metastatic 

High 
(100%) 
 

Yes Strategy: Colourless, odorless, 
inpatient meals (n=10) 
Duration: 3 days, starting from 
day of CTX 

Normal 
inpatient 
menu (n=10) 

RD tool; 
day of 
CTX to 
3 days 
post 

   
 

      
 + 

Sig 
N
R 

? 
Sig 
N
R 

 

Food/Drink/Macronutrient Intake 
Non-alcoholic drinks 
Ingersoll 
(36) 
RCT; USA 

N: 77 
Age (yrs): 
54.3 ± 12.5 
Males: 19%  

Type: 
Mixed 
Stage: NR 

Mod or 
High (% 
NR) 
 

Yes Strategy: Concord grape juice 
118mL prior to meals (n=40) 
Duration: one week, starting 
from evening of day of CTX 

Placebo 
(n=37) 

INV-R; 
day of 
CTX to 

 

NS NS   NS   NS  

 QoL; 
mental 
health* 
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7 days 
post  
 

Das (41) 
Post-test; 
India 

N: 100 
Age (yrs): 
26-60  
Males: 66% 

Type: NR 
Stage: NR 
 

NR 
 
 

NR Strategy: Ginger tea, amount 
unspecified (n=50) 
Duration: NR 
  

Unspecified 
control 
(n=50) 

NR + 
Sig 
N
R 

+ 

          

Nutrition Education and Support 
Delivered by Dietitian 
de Souza 
(35) 
RCT; 
Switzer-
land 

N: 34 
Age (yrs): 
mean range 
44-46 
Males: 0% 

Type: 
Breast 
Stage: II or 
III 

High 
(100%) 

Yes Strategy: CINV-specific 
nutrition education in 
pamphlet form with a 
personalized meal plan (n=19) 
Duration: NR 

Nutrition 
education 
(pamphlets) 
without meal 
plan 

CTCAE 
& 
EORTC-
QLQ-
C30; 
2&7 
days 
post 
CTX C1, 
C2 & C3 

 + NS     NS    

Fatigue; 
GI 
symptoms
*; bowel 
habits; 
QoL 

Durrieu 
(38) 

Non-CT; 
France 

N: 33 
Age (yrs): 
77 ± 5 
Males: 48% 

Type: 
Mixed 
Stage: 
Palliative 

NR 
 
 

NR 
 

Strategy: Non-CINV specific 
nutrition education and 
support provided through 
dietetic consultations (n=33) 
Duration: 6 fortnightly 
consultations 
 

Before 
intervention 
(n=33) 

Validat
ed RD 
tool; NR 
 

+ 
Sig 
N
R 

          

GI 
symptoms
; bowel 
habits 

Najafi 
 (33, 34) 
RCT; Iran 

N: 150 
Age (yrs): 
46 ± 11 
Males: 0% 

Type: 
Breast 
Stage: I to 
III 

High 
(100%) 
 

Yes Strategy: CINV-specific 
nutrition education and 
support with a personalized 
meal plan and dietitian 
consultations (n=75) 
Duration: 3 consultations  
 

Usual diet & 
care (n=75) 

McGill 
& 
EORTC-
QLQ-
30; post 
CTX 

 +    +      

QoL*; GI 
sym*; 
diet*; 
bowels*; 
fatigue* 

Delivered by Inpatient Kitchen Assistant 
Lindman 
(42)  Non-
RCT; 

Denmark 

N: 86 
Age (yrs): 
21-81  
Males: 62% 

Type: 
Mixed 
Stage: NR 

NR 
 
 

NR Strategy: Inpatient non-CINV 
specific nutrition education 
and support from inpatient 
kitchen assistants (n=45) 
Duration: NR 
 

Before 
intervention 
(n=41) 

RD tool; 
3 
random 
days   NS     NS    

GI sym*; 
fatigue; 
mental 
health; 
diet* 
bowels 

Delivered by Cancer Nurse 
Lee (39) 
Non-CT; 
Korea 

N: 209 
Age (yrs): 
25-78 
Males: 0% 

Type: 
Gynae  
Stage: 
Mixed 

Mod 
(64%) 
High 
(36%) 

Yes 
 

Strategy: CINV-specific 
nutrition education delivered 
by a cancer nurse (n=209) 

Nil RD tool; 
1 wk 
post 
CTX 

? 
Sig 
N
R 

? 
Sig 
N
R 

         

Fatigue 
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Duration: one 5-minute session 
prior to CTX 
 

 
 

+ statistically significant 
positive effect 

+ 
Sig 
NR 

Positive effect but statistical 
significance not reported 

? 
Sig 
NR 

no observed effect but 
statistical significance not 

reported 
NS no statistically significant 

effect 

 
*Indicates statistically significant positive effect for secondary outcomes. 

 

C: chemotherapy cycle; CINV: chemotherapy-induced nausea and vomiting; CTCAE: Common Terminology Criteria for Adverse Events; CTX: chemotherapy; 

EORTC-QLQ-C30: European Organisation for Research and Treatment of Cancer Core Quality of Life questionnaire; GI: gastrointestinal; INV-R: Index of 

Nausea, Vomiting, and Retching; Mod: moderate; Non-CT: non-controlled trial; Non-RCT: non-randomised controlled trial; NR: not reported; NS: non-statistically 

significant; QoL: quality of life; RCT: randomised controlled trial; RD: unvalidated researcher-developed tool; sig: statistical significance; sym: symptoms; Wk: 

week.  
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Table 2. Summary of characteristics and findings of observational studies examining the effect of dietary strategies on 

chemotherapy-induced nausea and vomiting in adults.  

Study & Population Characteristics Diet Characteristics Primary Outcome Findings Secondary 
Outcomes 
 

 CINV Nausea Vomiting  

Study 
Design & 
Country 

Population 
Character-
istics 

Cancer 
Character-
istics 

CTX 
Emeto-
genicity 

Anti-
emetic 
Use 

Dietary Component Comparator CINV 
Assess-
ment 
Tool & 
Time 
Point 
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Dietary Patterns 
Mediterranean Diet 
Ghisoni 
(49) 
Pro 
cohort; 
Italy 

N: 24 
Age (yrs): 
61 ± 12 
Males: 0% 

Type: 
Gynae 
Stage: NR 

Mod 
(81%) 
High 
(19%) 

NR 
 
 

Mediterranean diet (n=10) 
Duration: Wk prior to CTX 

Non- 
Mediterranea
n diet (n=12) 

CTCAE; 
day of 
CTX 
C1&2 

  + 
 
 

  + 
 

  NS   GI 
symptoms
*; bowel 
habits 

Food/Drink/Macronutrient Intake 
Alcohol 
Di Mattei 
(48)   

Pro 
cohort; 
Italy 

N: 94 
Age (yrs): 
59 ± 13 
Males: 0% 

Type: 
Gynae 
Stage: NR 

Low 
(13%) 
Mod 
(73%) 
High 
(14%)  

Yes  Alcohol intake (amount 
unspecified) (n=14) 
Duration: NR 

No alcohol 
intake (n=80) 

MAT; 
Day 
1&4 of 
CTX C1 

   + NS NS     NS  

Hesketh  
(44)  
Obs from 
RCT; USA 

N: 1043 
Age (yrs): 
mean 56 
Males: 69% 

Type: 
Mixed  
Stage: NR 

High 
(100%) 

Yes ³5 standard alcohol 
drinks/wk (n=893) 
Duration: NR 
 

<5 alcohol 
drinks per 
week (n=150) 

VAS; 
day of 
CTX C1 
to 5 
days 
post  
 

+        +    

Hilarius 
(51) 

Pro 
cohort; 
Netherln
ds 

N: 275 
Age (yrs): 
25-87 
Males:41% 

Type: 
Mixed 
Stage: NR 

Mod 
(63%) 
High 
(37%) 
 

Yes 
 
 

1-4 alcoholic drinks/wk 
(n=96); 
5-10 alcoholic drinks/wk 
(n=34); 
³11 alcoholic drinks/wk 
(n=29) 
Duration: NR 

No alcohol 
(n=108) 

VAS; 7 
days 
pre- to 
7 days 
post 
CTX 

   + 
 

 

NS     + 
 

 

NS QoL 
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Sekine 
(52) 
Pro 
cohort; 
Japan 

N: 1549 
Age (yrs): 
70% 20-55  
Males: 46% 

Type: 
Mixed 
Stage: NR 

Mod or 
High (% 
NR) 

Yes Habitual alcohol intake 
(amount unspecified) 
(n=705) 
Duration: NR 
 

Non-habitual 
alcohol 
(n=844) 

VAS; 
day of 
CTX C1 
to 5 
days 
post  

   + +        

Uomori 
(50) 
Pro 
cohort; 
Japan 

N: 81 
Age (yrs): 
44 (30-55) 
Males: 0% 

Type: 
Breast 
Stage: 
Mixed 

High 
(100%) 

Yes Alcohol intake ³3 times/wk 
(n=25); 
Alcohol intake 1-2 times/wk 
(n=31) 
Duration: NR 

No alcohol 
intake or 
<once/wk 
(n=25) 

CTCAE; 
day of 
CTX C1 
to 5 
days 
post  

        +    

Warr (46) 
Obs from 
RCT; USA 

N: 866 
Age (yrs): 
mean 53 
Males: 0% 

Type: 
Breast 
Stage: NR 

Mod 
(100%)
  

Yes Alcohol intake ≥5 alcoholic 
drinks/wk (n=705) 
Duration: NR 

<5 drinks/wk 
(n=767) 

VAS; 
day of 
CTX C1 
to 5 
days 
post  

  NS      +    

Xu (53) 

Cross-
sectional; 
China 

N: 145 
Age (yrs): 
51% ≤55  
Males: 45% 

Type: 
Mixed 
Stage: 66% 
IV 

Mod 
(66%) 
High 
(34%) 
 

Yes Alcohol intake ≥5 times/wk 
(n=44) 
Duration: NR 

<5 times/wk 
(n=101) 

MAT; 
duratio
n of C1 

         NS + 
D 

 

Mixed Foods/Macronutrients 
Mardas 
(45) 
Cross-
sectional; 
Poland 

N: 44 
Age (yrs): 
59 ± 2 
Males: 0% 
 

Type: 
Ovarian 
Stage: 75% 
advanced; 
25% early 
  

NR 
 

Yes Adequate energy intake 
Duration: NR 

Higher 
energy/ 
protein/ fat/ 
carbohydrate 
intake 
(specific 
amounts NR) 

RD tool; 
NR 

  +      +   Bowel 
habits 

Adequate protein intake 
Duration: NR 

  NS      +    

Adequate total fat intake 
Duration: NR 

  +      +   

Adequate carbohydrate 
intake 
Duration: NR 

  NS      +   

Restriction of milk and dairy 
products, eggs, candies, 
cookies, ice cream, fruits, 
vegetables, legumes, 
paprika, processed meats, 
fatty fish, oils 
Duration: NR 

Nil   ? 
Sig 
N
R 

     ? 
Sig 
NR 

  

Mixed Dietary Components (Eating Behaviours and Specific Foods) 
Lou (43) 

Cross-
sectional; 
China 

N: 255 
Age (yrs): 
49 ± 12 

Type: 
Mixed 
Stage:  

Min (1%) 
Low (6%) 
Mod (4%) 

Yes Eating behaviour 
modifications (eating lighter 
foods, smaller frequent 

Nil 
 

MAT; 
NR 

 ? 
Sig 
N
R 
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Males: 36% 
 

Advanced 
(87%) 

High 
(87%) 

meals, avoided sight/smell of 
food) 
Duration: NR 

 

Peppermint confectionary, 
clear fluids, more fruit, 
ginger or ginger brown sugar 
fluid 
Duration: NR 

 ? 
Sig 
N
R 

 

         

Williams 
(47)  
Cross-
sectional;  
USA 

N: 67 
Age (yrs): 
Mean 58.1 
Males: 24% 

Type: 
Mixed 
Stage: II or 
IV 
 

NR 
 
 

NR Crackers, water, or jelly 
(n=19) 
Duration: NR 

Nil TRSC; 
NR 

  + 
Sig 
N
R 

         

Eating behaviour 
modifications (eating lighter 
foods, letting it pass) 
Duration: NR 

        + 
Sig 
NR 

  

 

+ statistically significant 
positive association 

+ 
Sig 
NR 

Positive association but 
statistical significance not 

reported 

? 
Sig 
NR 

no observed association but 
statistical significance not 

reported 
NS no statistically significant 

association 

 

*Indicates statistically significant positive effect; D: Statistically significant association found in men only, non-significant association when sexes combined. 

 

C: chemotherapy cycle; CINV: chemotherapy-induced nausea and vomiting; CTCAE: Common Terminology Criteria for Adverse Events; CTX: chemotherapy; 

GI: gastrointestinal; MAT: Multinational Association of Supportive Care in Cancer Antiemesis Tool; Min: minimal; Mod: moderate; NR: not reported; NS: non-

statistically significant; Obs: observations; QoL: quality of life; Pro cohort: prospective cohort study; RD: unvalidated researcher-developed tool; sig: statistical 

significance; sym: symptoms; TRSC: Therapy-related Symptom Checklist; VAS: visual analogue scale.



CHAPTER 2.3 Dietary Strategies for Chemotherapy-Induced nausea and Vomiting: A Review 

 86 

Association of dietary strategies with CINV and related outcomes 

Due to high heterogeneity among included studies, meta-analysis was unable to be 

performed. Therefore, data were reported via narrative synthesis in tables and text. 

Studies reported on combined CINV or only nausea and/or vomiting, five (24%) 

studies differentiated between acute and delayed nausea and/or vomiting (32, 48, 51-

53), and no studies considered anticipatory CINV. All findings are summarized in 

Supplementary Table 4 and explanations for GRADE assessments are presented in 

Supplementary Table 5. 

Dietary patterns 

Interventional studies 

Three (14%) interventional studies examined the effect of dietary patterns on CINV: 

fasting with or without a ketogenic diet (37, 40) and a colorless odorless diet (32). The 

only statistically significant finding was that a fasting diet was associated with a 

significantly lower incidence of stomatitis compared to usual diet (n=1 study; n=51 

participants; assessment tool: CTCAE; effect size: not reported; GRADE level: very 

low) (40). A colorless odorless diet compared to a usual diet was associated with a 

lower mean number of acute vomiting episodes (0.5 vs. 3.2); however, statistical 

significance was not tested (n=1 study; n=20 participants; assessment tool: 

unvalidated researcher-developed tool; GRADE level: very low) (32).  

Observational studies 

One (5%) observational study examined the association between Mediterranean diet 

patterns and CINV. The Mediterranean diet had a significant association with lower 

incidence and severity of nausea as well as improved abdominal pain and bloating 

(n=1 study; n=24 participants; assessment tool: CTCAE; effect size: very large; 

GRADE level: low) (49).  
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Specific food/drink intake 

Interventional studies 

Two (10%) interventional studies examined the effect of specific drinks, concord grape 

juice (36) and ginger tea (41), on CINV. Consumption of ginger tea in comparison to 

an unspecified control led to significantly lower severity of overall CINV. Incidence of 

CINV was also lower in the ginger group (61% vs. 91%); however, statistical 

significance was not tested (n=1 study; n=50 participants; assessment tool: 

unvalidated researcher-developed tool; effect size: very large; GRADE level: very low) 

(41). Consumption of concord grape juice in comparison to placebo significantly 

reduced anxiety and depression  (n=1 study; n=77 participants; assessment tool: 

Multiple Affect Adjective Checklist Revised; effect size: not reported; GRADE level: 

low) (36). 

Observational studies 

Ten (48%) observational studies assessed the association between specific foods or 

drinks and CINV (36, 41, 43-48, 50-52): mixed foods/drinks (43, 45, 47) or alcohol (44, 

46, 48, 50-53). Consuming crackers, water, and/or jelly was reported by 28% of 

participants to be associated with reduced nausea incidence; however, statistical 

significance was not tested (n=1 study; n=67 participants; assessment tool: TRSC; 

GRADE level: very low) (47). Outcomes for which ≥75% of studies reported a 

significant positive effect of alcohol included incidence of CINV (n=1 study; n=1,043 

participants; assessment tool: VAS; effect size: large; GRADE level: very low) (44), 

acute nausea (n=3 studies; n=1,918 participants; assessment tools: VAS, MAT; effect 

size: medium to large; GRADE level: low) (48, 51, 52), and vomiting (n=3 studies, 

n=1,990 participants; assessment tools: VAS, CTCAE; effect size: small to medium; 

GRADE level: very low) (44, 46, 50). 

Energy/macronutrient intake 

Observational studies 

One (5%) observational study observed the association between 

energy/macronutrient intake and CINV (45). Adequate daily intake of energy and total 
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fat was associated with significantly lower incidence of nausea and vomiting, whereas 

adequate intake of protein and carbohydrate was associated with significantly lower 

incidence of vomiting only (n=1 study; n=44 participants; assessment tool: unvalidated 

researcher-developed tool; effect size: medium to large; GRADE level: very low) (45).  

Eating behaviors 

Observational studies 

Two (10%) observational studies observed the association between CINV and eating 

behaviors (avoiding sight/smell of food, eating lighter foods, consuming smaller 

frequent meals, letting it pass) (43, 47); however, no significant associations were 

observed. 

Nutrition education and support 

Interventional studies 

Five (24%) interventional studies assessed CINV-specific or general nutrition 

education and support with or without a personalized meal plan, provided by a dietitian 

(33-35, 38), inpatient kitchen assistant (42), or cancer nurse (39). There were 

significant positive effects of CINV-specific nutrition education and support provided 

by a dietitian with a personalized meal plan delivered via dietitian consultations or in 

pamphlet form (33-35). CINV-specific nutrition education and support with a 

personalized meal plan and dietitian consultations, in comparison to usual care and 

diet, had a significant positive effect on severity of nausea and overall CINV, quality of 

life, fatigue, loss of appetite (n=1 study; n=150 participants; assessment tools: McGill 

Questionnaire, EORTC-QLQ-30; effect size: very large; GRADE level: high) (33, 34), 

constipation, diarrhea, and dietary intake of fat and protein (assessment tool: EORTC-

QLQ-30; effect size: not reported; GRADE level: low) (33, 34). CINV-specific nutrition 

education in pamphlet form with a dietitian-formulated personalized meal plan, 

compared to pamphlet information only, had a significant positive effect on CINV 

severity (n=1 study n=34 participants; assessment tool: EORTC-QLQ-30; effect size: 

very large; GRADE level: high) (35), abdominal pain, and loss of appetite (assessment 

tools: CTCAE, EORTC-QLQ-30; effect size: not reported; GRADE level: low) (35).  
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There were positive effects of non-CINV specific nutrition education and support 

provided by dietitians or inpatient kitchen assistants (38, 42). Non-CINV specific 

nutrition education and support provided through dietetic consultations, compared with 

pre-intervention, had a positive effect on CINV incidence; however, statistical 

significance was not tested (n=1 study; n=33 participants; assessment tool: validated 

researcher-developed tool; GRADE level: very low) (38). Non-CINV specific nutrition 

education and support from inpatient kitchen assistants, compared to usual care, had 

a significant positive effect only on CINV-related outcomes (taste alterations and 

energy intake; n=1 study; n=86 participants; assessment tool: unvalidated researcher-

developed tool; effect size: not reported; GRADE level: very low) (42).  

DISCUSSION 

This systematic review is the first to synthesize evidence on the dietary strategies for 

managing nausea and vomiting in adults undergoing chemotherapy, finding a limited 

body of highly heterogenous evidence that lacks standardized methodology. Of the 

interventions studied, strongest evidence with highest certainty was found for the very 

large positive effect of CINV-specific education and support from a dietician, 

implemented in person or in writing, for reducing the severity of nausea and overall 

CINV. A significant very large positive effect of ginger tea consumption was also found 

on overall CINV severity; however, certainty in this effect was very low. The very large 

effect sizes of the aforementioned significant findings confirm the clinical relevance of 

these dietary strategies. Although confidence in the findings from observational 

studies was very low to low, a statistically significant positive association was also 

found between the Mediterranean diet and nausea incidence and severity as well as 

adequate intake of energy, protein, fat, or carbohydrate and nausea or vomiting 

incidence. Observational studies found a significant positive association between 

moderate intake of alcohol and incidence of acute nausea, vomiting, and overall CINV; 

however, increasing alcohol intake and exceeding national guidelines or clinical 

recommendations is not advised due to the associated risks (54-56).  

Findings of this review support meaningful dietary counselling and follow-up on basic 

nutrition advice and education utilizing a personalized meal plan delivered by health 

professionals with nutrition knowledge. Although limited evidence found no 

association between CINV and general dietary recommendations (e.g. promotion of 
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fruit intake), they are still recommended as part of standard dietetic practice to improve 

overall nutritional status (43). This review provides dietitians and other health 

professionals with guidance about which strategies should be included in dietary 

counselling to optimize outcomes; although it is likely the individualized approach of 

counselling, that considers the patients unique preferences, symptoms, and medical 

status, is important (33, 34, 38, 57). Additionally, dietary counselling and support for 

CINV management and prevention should focus on overcoming barriers to adhering 

to antiemetic medication regimens, as adherence to antiemetics still remains the 

single most effective strategy for preventing and managing CINV (20).  

Evidence explaining underlying mechanisms of action supports the consumption of 

ginger and following a Mediterranean diet for reducing CINV; however, the positive 

findings of moderate alcohol intake remain controversial. Clinical and mechanistic 

studies demonstrate that the antioxidant and anti-inflammatory properties of both 

ginger and the Mediterranean diet are favorable in reducing chemotherapy-induced 

oxidative stress that initiates nausea and vomiting pathways (49, 58). Furthermore, 

ginger administered as a nutraceutical has been shown to act similarly to antiemetic 

medications in inhibiting the activation of receptors of CINV pathways (58). However, 

the efficacy of ginger implemented into routine diet for CINV remains inconclusive due 

to heterogenous study designs and small sample sizes (41, 59). Alcohol may enhance 

the metabolism of chemotherapy agents and neurotransmitters that trigger CINV 

pathways (50). However, even though some findings of this review favored higher 

alcohol intakes, increasing alcohol consumption is not recommended and exceeding 

national alcohol guidelines or personalized advice from dietitians and/or treating 

physicians should be avoided. Alcohol has the potential to adversely interact with 

chemotherapy agents and other medications commonly prescribed in this population, 

such as analgesics, anti-anxiety drugs, and sleeping medications (54). Alcohol has 

also been strongly linked to increased risk of primary cancers and cancer recurrence 

and can exacerbate chemotherapy-induced peripheral neuropathy as well as 

gastrointestinal symptoms and transit disorders (55, 56). Findings regarding alcohol 

and CINV in this review have also been based on observational studies that likely 

consider only alcohol intake prior to chemotherapy and lack rigorous study design. 

Specifically, these studies failed to specify alcohol type and dose in largely 
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heterogenous samples regarding cancer types and chemotherapy agents 

administered (44, 46, 48, 50-52).  

Although commonly recommended in clinical practice (20-22), findings of this review 

do not support restrictive diets, which can also lead to reduced macronutrient and 

energy intakes that have been found to exacerbate CINV (45). Individuals meeting 

energy and macronutrient requirements are more likely to consume food regularly, 

which is beneficial as the presence of food in the stomach helps to reduce stomach 

dysrhythmia that is associated with nausea and vomiting (60). Normal stomach rhythm 

is further promoted by the hormone, gastrin, which is secreted in response to protein 

ingestion; therefore, explaining why protein intake may reduce CINV (60). However, 

the only human clinical trial for CINV administered protein in combination with ginger 

supplementation which likely had added benefit and the effect of the protein cannot 

be delineated (60). Nonetheless, protein intake should be promoted in people 

undergoing chemotherapy, in accordance with the most recent European Society for 

Clinical Nutrition and Metabolism (ESPEN) Practice Guideline for Clinical Nutrition in 

Cancer (61), which strongly recommends a high protein diet for people with cancer 

(1.5g/kg/day rather than 1.0g/kg/day for the general healthy population). These 

guidelines, however, were unable to make recommendations on the nutritional quality 

of protein due to limited guiding evidence (61). In summary, although evidence 

supporting the recommendation of consuming frequent meals is lacking, this advice 

warrants future research, and may have added benefit if incorporated with protein-rich 

foods. Due to the evidence supporting adequate energy and macronutrient intake and 

frequent meals for CINV being based only on observational studies with small samples, 

future research should also examine whether this relationship may instead be a result 

of lower CINV being associated with greater ability to achieve dietary requirements.  

Limitations 

Findings of this review are largely based on a limited number of heterogenous studies 

mainly of observational design with small sample sizes, which decreases confidence 

in the results. This is evident by most outcomes having a GRADE rating of low or very 

low. Sources of heterogeneity were varying chemotherapy and antiemetic regimens 

as well as cancer types, participant samples, and mostly unvalidated outcome 

measures. In addition, substantial clinical heterogeneity was introduced through lack 
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of reporting of, or large variations across studies in the dietary interventions or 

definitions of observed dietary strategies, such as the dosing frequencies or 

compliance to dietary advice. Furthermore, the search strategy implemented in this 

review failed to identify some of the included observational studies that assessed the 

association of alcohol with CINV, likely due to alcohol being a non-nutrient. However, 

the authors are confident that any studies missed in the search strategy were located 

in the rigorous snowballing technique employed. 

Directions for Future Research 

The results of this systematic review provide a convincing rationale for further research. 

Findings highlight the benefit of dietary education and support; however, the optimal 

content of this education remains inconclusive. Therefore, to increase the quality of 

evidence prior to being routinely recommended in practice, future randomized 

controlled trials should explore the effects of adequate energy and macronutrient 

intakes, dietary ginger, the Mediterranean diet, alcohol, and eating behaviors (e.g. 

eating smaller more frequent meals) on CINV. Trials should also explore the way that 

this education and support is provided, utilizing dietitians who are specifically trained 

to provide individualized dietary counselling and follow-up. These trials should 

compare different models of care of provision of dietary counselling to guide optimal 

resource allocation. In addition, well designed trials should have an adequate sample 

size, clearly define dietary strategies, use validated outcome measures, and report 

data in full, including adverse effects, secondary outcomes related to CINV, and 

compliance to dietary strategies. 

CONCLUSION 

The small body of evidence on the dietary strategies for managing nausea and 

vomiting in adults undergoing chemotherapy was highly heterogenous, lacked 

standardized methodology, and was based largely on studies of observational design. 

Of the interventions studied, strongest evidence with highest certainty was found for 

the very large positive effect of CINV-specific education and support from a dietician, 

implemented in person or in writing, for reducing the severity of nausea and overall 

CINV. Ginger tea consumption was also found to reduce overall CINV severity; 

however, certainty in this effect was very low. Observational studies found improved 
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CINV to be associated with non-restrictive dietary strategies that promote adequate 

energy and macronutrient intakes, particularly protein, and include Mediterranean diet 

concepts. However, the confidence in the body of evidence to inform these 

conclusions was mostly very low to moderate, warranting future rigorous well-powered 

clinical trials with clearly defined dietary strategies, and valid outcome measures prior 

to dietary strategies being routinely prescribed alongside antiemetic regimens.  
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3.1  SUMMARY  

Chapter 2 outlined the achievable dietary strategies that were supported by quality 

evidence as one of the several non-pharmacological approaches used in managing 

CINV. The need for future research was also raised, to explore how health 

professionals may best support patients in using complementary therapies of dietary 

strategies and nutraceuticals for the optimal management of CINV.  

Having improved evidence on efficacy and safety for CAM use is one piece of the 

puzzle, but implementation of the evidence is critical to improve patient care. 

Translational frameworks, such as the Promoting Action on Research Implementation 

in Health Services (PARIHS) framework [92], suggest that in addition to research on 

effectiveness as well as interpretation of the clinical meaningfulness of efficacy data, 

patient perspectives must be considered. Qualitative research is well positioned to 

provide an in-depth exploration of patient perspectives, experiences, and preferences 

that are important in translating and interpreting findings to inform the next steps of 

improving patient care. As an in-depth understanding of the CAM-related needs and 

perspectives of patients undergoing chemotherapy may assist health professionals in 

better supporting patients with safe and effective CAM use, a qualitative study was 

conducted. The qualitative study presented in this chapter used semi-structured 

interviews to explore patients’ perspectives, experiences, support needs, and sources 

of information regarding CAM use during chemotherapy. 

The qualitative study identified three themes; ‘trust in CAM knowledge’ guided CAM 

use as a ‘natural complement to curative drugs’ for ‘hope for improved wellbeing’. 

Participants’ ‘trust in CAM knowledge’ and ‘hope for improved wellbeing’ was 

influenced by the sub-theme, ‘vulnerability to external opinions’, with CAM use most 

strongly influenced by past experiences rather than expert advice. All themes were 

influenced by an overarching driver, ‘past experiences’ with CAM, which was not 

recognized as a theme itself; however, provided a rationale for current perspectives, 

experiences, and support needs regarding CAM use during chemotherapy. This study 

concluded that health professionals would benefit from research and education on 

how to best inform patients of the potential risks, harms, and lack of efficacy for CAM 
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use during chemotherapy in a way that does not lead to patient non-disclosure of CAM 

use. 

The invited Maturitas (Official journal of the European Andropause and Menopause 

Society) editorial in this chapter focused on the translation and interpretation of the 

qualitative study for health care professionals. The editorial made recommendations 

for facilitating discussions about CAM to initiate the first steps in the integration of CAM 

and conventional cancer care, to meet patient demands and provide realistic hope for 

improved wellbeing.  

The commentary provided in the editorial focussed specifically on women with cancer, 

who are the highest users of CAM compared to their male counterparts. Based on 

literature and clinical experience, the editorial argued that improved support for safe 

and effective CAM use during cancer requires clinical resources, integrated models-

of-care, clinical and economic research, and policy that supports funding for health 

equity and value-based care.  
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ABSTRACT 

Background and purpose:  
Minimal evidence regarding the safety and efficacy of complementary and alternative 

medicine (CAM) use during chemotherapy is accompanied with a high prevalence of 

use and nondisclosure to health professionals. This study aimed to explore patients’ 

perspectives, experiences, support needs, and sources of information regarding CAM 

use during chemotherapy.   

 
Materials and methods:  
Semi-structured interviews with ten adult participants who recently completed 

chemotherapy treatment at a large hospital in Australia were transcribed verbatim. 

Three investigators thematically analysed the interviews.  

 

Results:  
These participants receiving chemotherapy value CAMs as a natural complement to 

chemotherapy to improve wellbeing, with their use most strongly influenced by past 

experiences rather than expert advice. 

 

Conclusion:  
Health professionals would benefit from education on how to best inform patients of 

the potential risks, harms and lack of efficacy for CAM use during chemotherapy in a 

way that does not lead to patient non-disclosure of CAM use. 

 

Keywords: alternative therapies, cancer, chemotherapy, complementary and 

alternative medicine, complementary therapies. 

 

Study highlights: 

• These participants receiving chemotherapy value CAMs as a natural 

complement to chemotherapy to improve wellbeing. 
• CAM use was most strongly influenced by past experiences rather than expert 

advice. 
• Participants’ trust in CAM knowledge and hope for improved wellbeing was 

influenced by a vulnerability to external opinions. 
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• Understanding the needs and perspectives of patients undergoing 

chemotherapy regarding CAMs assists health professionals in supporting 

patients with safe and effective CAM use.
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INTRODUCTION  

Patients undergoing chemotherapy report a high burden of fatigue, pain, nausea, 

vomiting, disrupted sleep, and cognitive problems despite significant advances in the 

medical management of chemotherapy side-effects and cancer symptoms. These 

side-effects can decrease quality of life and patients’ tolerance to as well as willingness 

to commence or complete anti-cancer treatment, thereby collectively affecting survival 

(1, 2). Complementary and alternative medicines (CAMs) are not part of conventional 

cancer therapies but are often used by patients with cancer to manage the many 

debilitating side effects of chemotherapy treatment, or the effects of the cancer itself 

(3). Systematic review findings report the most common reasons for CAM use during 

chemotherapy as symptom and side effect management, being willing to try anything, 

wanting to explore all options, wanting to promote general wellbeing, wanting to feel 

better, have hope, improve energy, boost immune system, and for emotional support 

(4,5). 

 

There is some evidence for the efficacy of both pharmacological (any oral, topical, or 

intravenous agent such as vitamins, dietary supplements, and herbal products) and 

non-pharmacological CAMs (e.g. prayer, meditation, hypnotherapy, art, writing, 

massage, acupuncture, chiropractic) in alleviating symptoms during chemotherapy (5, 

6). For example, systematic reviews examining patients receiving chemotherapy 

suggest potential benefits of vitamins A and E on oral mucositis (7) and peripheral 

neuropathy (8), ginger on nausea and vomiting (9), and Chinese herbal medicine on 

myelosuppression (10). In regard to non-pharmacological CAMs, systematic reviews 

suggest that acupuncture may benefit cancer-related pain (11) and chemotherapy-

induced peripheral neuropathy symptoms (12), and meditation as well as cognitive 

training may improve chemotherapy patients’ perceived cognitive impairment and 

ability (13). However, these studies all present insufficient evidence for strong 

recommendations for the use of CAMs mainly due to heterogeneity and small sample 

sizes (7-13). Furthermore, some CAMs may impact on patients’ pathology, cause 

complications of medical conditions, delay medical diagnosis and curative treatment, 

and interact with medications (4, 14, 15). For example, ginger commonly used for 

chemotherapy-induced nausea and vomiting can reduce platelet aggregation and 

therefore may be harmful if used by patients with platelet function defects, 
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coagulopathy, or thrombocytopenia (16). Some CAMs may also alter the metabolism 

of chemotherapy, such as St. John’s Wort which is commonly used for depression, 

anxiety, sleep disorders, and nervousness (15). The potential harmful impacts of some 

CAMs can therefore lead to reduced cancer treatment efficacy, increased toxicity of 

chemotherapy, or other potentially dangerous side effects (4, 14, 15).  

 

Despite often contradictory and generally low-level evidence of their effectiveness, 

prevalence of CAM use among patients undergoing chemotherapy is high, while 

disclosure of this use to health professionals (HP) is low. It is estimated that up to 80% 

of chemotherapy patients use CAMs (6, 17-19), mainly as complementary medicines 

rather than alternative medicines to conventional cancer therapies (19). More 

specifically, almost half of patients use both pharmacological (e.g. supplements, 

herbal products) and non-pharmacological CAMs (e.g. acupuncture, hypnotherapy), 

whereas approximately 30% use pharmacological-only CAMs, and 20% use non-

pharmacological-only CAMs (6). Although CAM use among chemotherapy patients is 

common, a systematic review of 21 studies suggests that only 50-60% of cancer 

patients disclose this use to their HPs (20). The main reasons that have been cited for 

nondisclosure are a lack of HP inquiry; patient-reported HP disapproval, disinterest, 

or lack of training on providing information on CAMs; and patients perceiving CAM use 

as being irrelevant to conventional care (20). In summary, there is good evidence to 

say that patients are using CAMs during chemotherapy, and in some cases it could 

be counterproductive or dangerous to them.  

 

The common use of non-prescribed CAMs during chemotherapy, minimal guiding 

evidence regarding safety and efficacy, and nondisclosure to HPs is concerning, and 

thus warrants further research. An in-depth understanding of the needs and 

perspectives of patients undergoing chemotherapy regarding CAMs assists HPs in 

supporting patients with safe and effective CAM use (2, 4, 20). Therefore, this study 

aimed to explore patients’ perspectives, experiences, support needs, and sources of 

information regarding CAM use during chemotherapy of patients pre-disposed to CAM 

use during a randomized controlled trial.   
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MATERIALS AND METHODS 

This is a sub-study of the Supplemental Prophylactic Intervention for Chemotherapy 

Induced Nausea and Emesis (SPICE) trial (21). The SPICE trial was a double-blind 

placebo-controlled trial that assessed the efficacy, safety, and cost-effectiveness of an 

adjuvant standardized ginger supplement in reducing chemotherapy-induced nausea 

and vomiting (Australian New Zealand Clinical Trials Registry ID 12616000416493) 

(21). The qualitative design and reporting of this study were developed according to 

the Qualitative Research Review Guidelines Guide to Peer-Reviewing Qualitative 

Manuscripts (22). The Metro South Human Research and Ethics Committee 

(HREC/17/QPAH/333) and the Bond University Human Research and Ethics 

Committee (16144) granted ethical approval for this study.  

 
Participants and recruitment 
Participants for this qualitative sub-study were recruited from the N=103 participants 

of the SPICE trial conducted at a large metropolitan hospital in Brisbane, Australia. 

Eligible participants were physically and cognitively functional, English-speaking, and 

chemotherapy-naïve adults who had completed their moderately or highly emetogenic 

single-day chemotherapy without concurrent radiation within 12 months of the 

recruitment date. Participants of the SPICE trial were screened by two researchers 

(KS and MC) to determine who had completed their chemotherapy treatment. They 

were then approached via telephone call by the two researchers to be invited to 

participate and verbal consent was obtained. A telephone interview was then 

scheduled for a future date. Recruitment continued until interview data revealed 

complexities and richness, whereby no new information or themes emerged from 

sampling subsequent participants. 

 

Data collection and management 
Two researchers (KS and MC) who were trained in qualitative methodology and not 

involved in the routine care of consenting participants conducted semi-structured 

telephone interviews together. Participants were blinded to their SPICE Trial group 

allocation (ginger or placebo) at the time of interview. A semi-structured interview 

guide was developed using open-ended questions (Table S1). Interviews were audio 

recorded and one researcher (KS) transcribed them verbatim. A second researcher 
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(MC) checked transcripts against audio recordings for accuracy. Identifiable 

participant information was removed from the transcripts and pseudonyms were given 

to the participants and any individuals discussed during the interviews. Researchers 

maintained field notes during and following each interview to document verbal and 

non-verbal communication that contributed to the interpretation of verbal data. All raw 

data, researcher notes and transcripts were dated and archived in a secure central 

repository for future reference.  

 

Data analysis  
The transcribed interviews and field notes were analysed using Braun and Clarke’s 

six phases of thematic analysis: familiarisation with the data, generating initial codes, 

searching for themes, reviewing themes, defining and naming themes, and producing 

a report (23). Two researchers (KS and MC) read all interviews numerous times in 

their entirety to gain familiarity with the data and search for meanings and patterns. 

Theoretical and reflective thoughts were documented during immersion in the data. 

Interview transcripts and observation notes were then coded using QSR International's 

NVivo 12 Qualitative Data Analysis Software. One researcher (KS) gave full and equal 

attention to all data items by working systematically through the entire data set to 

generate codes. A second researcher (MC) repeated this process to review the codes. 

Peer debriefing was untaken, whereby disagreements in coding were managed by 

consensus between authors, or involvement of a third (SM). Three (KS, MC, and SM) 

reviewed the codes via triangulation to generate and name themes. A fourth 

researcher (EI) conducted an audit to confirm theme generation, and the four 

researchers (KS, MC, SM, and EI) discussed any disagreements until they reached 

consensus. Participant quotes that illustrate themes were identified and agreed upon 

during triangulation.  
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RESULTS 

As shown in Figure 1, the recruitment process led to ten participants completing 

interviews. One interview of 14 minutes duration was incomplete due to time 

constraints of the participant. Completed interviews (n=9) ranged from 17 to 75 

minutes, with an average time of 35 minutes. Table 1 presents the characteristics of 

the ten participants.  

 

 
CTX: chemotherapy; SPICE Trial: supplemental prophylactic intervention for chemotherapy-induced 

emesis trial.  

 
Figure 1. Process of recruitment of participants who participated in qualitative 

interviews regarding CAM use during chemotherapy.  
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Table 1. Characteristics of participants who participated in qualitative study 

interviews (N=10; n=4 control group of SPICE Trial; n=6 intervention (ginger) group). 
  Number of Participants 

Age a <55 years old 2 
≥55 years old 8 

Gender Male 3 
Female 7 

Ethnicity Caucasian Australian 7 
Caucasian European 3 

Type of cancer 

Breast 4 
Lung 3 

Bladder 1 
Haematological 2 

Metastatic Cancer Yes 4 
No 6 

Previous cancer b Yes 2 
No 8 

Adjuvant cancer therapy 

Radiotherapy c  1 
Surgery 4 

Hormone therapy 1 
Nil 4 

CAM use prior to CTX 

Pharmacological only 1 

Non-pharmacological only 0 

Combined 4 

None 5 

CAM use during CTX d 

Pharmacological only 5 

Non-pharmacological only 0 

Combined 2 

None 3 

Pharmacological CAM use 
during CTX  

For general health 3 

For energy 2 

For bone health 3 

For CTX side-effects 3 

Non-pharmacological CAM 
use during CTX 

For relaxation 1 

For CTX side-effects 2 

HP involvement in CAM use 
during CTX 

HP asked about CAM use 5 
Of those HPs who asked about 
CAM use, HP recommended 

CAM use 
 

 
3 

CAM: complementary and alternative medicine; CTX: chemotherapy; HP: health professional; SPICE 

Trial: supplemental prophylactic intervention for chemotherapy-induced emesis trial. 
a At time of interview; b Previous cancer was not treated with chemotherapy as participants of the SPICE 
Trial (21) were chemotherapy naïve; c Radiotherapy was not concurrent with chemotherapy; d CAM use 

does not include the supplemental ginger/placebo given to participants as part of the SPICE Trial (21) 

in which they were enrolled. 
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Participants reported using CAMs during chemotherapy to support general health 

(magnesium, celery, and/or turmeric supplements), bone health (calcium, vitamin D 

and/or vitamin B3 supplements), energy levels (multivitamin, ginseng, vitamin B12 

and/or fish oil supplements), and relaxation (aromatherapy, music therapy, blog 

writing, yoga and/or meditation). CAMs used specifically relating to the effects of 

cancer or cancer treatment included vitamin B supplements for painful nerve damage, 

massage therapy, acupuncture and/or topical magnesium ointment for pain relief, and 

multivitamin supplementation to assist post-surgical healing. Only one participant 

continued the use of ginger for chemotherapy-induced nausea and vomiting after 

participating in the SPICE Trial, which involved education on the existing evidence 

regarding efficacy and safety of ginger. Only three participants reported using 

evidence-based CAMs on advice from a HP. 

 

Three themes and one sub-theme were identified. All themes were influenced by an 

overarching driver, which was not recognized as a theme itself; however, provided a 

rationale for current perspectives, experiences, and support needs regarding CAM use 

during chemotherapy. The overarching driver, ‘past experiences’ with CAMs as well 

as ‘trust in CAM knowledge’ guided CAM use as a ‘natural complement to curative 

drugs’ for ‘hope for improved wellbeing’. Participants’ ‘trust in CAM knowledge’ and 

‘hope for improved wellbeing’ was influenced by the sub-theme, ‘vulnerability to 

external opinions’. Figure 1 shows the relationship between themes. 
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CAM: complementary and alternative medicine. 

 
Figure 2. Summary of the coexistence of themes in the data exploring the 

perspectives, experiences, support needs, and sources of information regarding CAM 

use during chemotherapy.  
 

Perspective: natural complement to curative chemotherapy drugs  
Participants perceived CAMs as distinctly different from conventional treatments in two 

ways. Firstly, words such as “rainforest”, “the environment” and “natural” were 

associated with CAMs, whereas words used to describe conventional medicine were 

“scientific”, “synthetic”, or “hard drugs”. For example, Betty described her use of CAM 

as “all natural so it shouldn’t hurt me” as distinct from the effects of conventional 

therapy in terms of “it would be great, [better] than having the hard drugs and pumping 

all that gunk into our bodies”. Secondly, participants did not support the idea of using 
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CAMs as an alternative rather than a complementary therapy. Participants perceived 

CAMs to support the mind and body, thereby complementing traditional anti-cancer 

treatments. For example, Grace described CAMs as a vehicle to “boost any treatment 

that I might be already having”. In contrast, participants like Kate did not perceive HPs 

as promoting CAMs as natural complements to chemotherapy drugs, noting that 

doctors have a “one-track medical mind and one fix … for every single person”. 

 

Experiences: hope for improved wellbeing  
Participants described their experiences with CAMs during chemotherapy as providing 

them with a sense of hope for improved wellbeing although they did not rely on CAMs 

to cure their cancer. For Sally, they provided “in one word, hope … something that’s 

going to prolong their lives”. Positive past experiences with CAMs prior to their cancer 

diagnosis and continued desire for improved health and wellbeing led some 

participants to continuing these therapies throughout chemotherapy: 

 

I’ve always used it [playing guitar] to relax me … it makes me feel good … even 

the photography … that’s my form of meditation. (Noah) 

 

Positive experiences with CAMs guided CAM use during chemotherapy; however, 

even those with no previous experience expressed hope that CAMs would improve 

wellbeing. Daniela expressed this as “while I’m on them [vitamin B12 and multivitamin] 

I do feel really really good … energy wise … alertness”. Similarly, Carol noted that “I 

don’t know [why I use CAMs], just because I thought it was good and good for your 

body”. 

 

Support needs and sources of information: trust in CAM knowledge  
Participants reported a sense of trust and confidence in CAM knowledge received from 

others. Word of mouth, family and friends, and the internet were reported as the most 

common sources of cancer-related CAM information and support; however, one 

participant also acknowledged expert opinion. Mitch expressed his most trusted form 

of CAM information as “word of mouth, somebody tried it and it worked … it always 

goes back to word of mouth”. Other participants also reported preference for trusting 

the knowledge of people who have had similar experiences, whereby Betty stated, “I 

can’t say to you, ‘oh the pain in my chest hurts’ … because you don’t know what I’m 
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talking about”. On the other hand, some participants also had trust in the CAM 

knowledge of HPs. For example, Grace stated “I certainly wouldn’t try anything unless 

I had spoken to him [my oncologist] first”. 

 

With trusting knowledge from others also came the sub-theme of vulnerability to 

external opinions. For example, Sally had considered trialling medicinal marijuana 

after seeing it on a television show, despite not feeling it would be “suitable” for her. In 

this case, Sally had not even been aware of this vulnerability to external opinions, 

evident by her stating “I do what I want, and nobody influences my decisions”. 

Likewise, some other participants reported a lack of trust and little influence of other 

peoples’ knowledge of CAMs for use during chemotherapy, whether it be from word 

of mouth or HPs: 

 

A lot of people tell me all these things but I don’t really take any notice of them 

… it’s hard when people just say ‘oh do this and my friend did this,’ it’s 

exhausting … it can be confusing … all these things put in front of you. 

(Michelle) 

 

Driver: past experiences 
Past experiences, representing participants’ past experiences with CAMs, 

underpinned and influenced all themes by providing a rationale for their current 

perspectives, experiences, and support needs regarding CAM use during 

chemotherapy. Either positive, neutral, or negative past experiences with CAMs were 

found to affect belief in, and desire to participate in, cancer-related CAM use. For 

example, Cate believed “CAMs can help you” after she had a positive past experience 

with CAMs and “got over glandular fever quicker than my daughter’s friend who was 

about twenty years younger than me”. Lack of past experiences with CAMs led to lack 

of consideration of CAM use in Carol’s case, where she stated “I didn’t really think 

about it … I just went for the treatment and that was it really”. On the other hand, 

patients with direct or indirect negative past experiences with CAMs were less likely 

to use CAMs: 

 

I have a sister. She died of lung cancer at 53 [years old] … They put her on this 

trial, and she was going to live for another 10 years … She was dead a month 
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later. So as far as different [CAM] medicines and tablets and all that go, I don’t 

believe in any of that … I don’t believe in any trials, nothing. (Daniella) 

 
DISCUSSION  

This study examined the patient perspectives, support needs, experiences, and 

sources of information of CAMs during chemotherapy as a means to address existing 

literature that suggests patients do not receive adequate support from their oncology 

HPs to integrate CAMs safely and effectively into their clinical care (24-26). Consistent 

with the literature, participants of this study had a high uptake of CAMs largely for hope 

for improved wellbeing; however, associated non-disclosure to HPs and main sources 

of CAM information being poor quality evidence such as word of mouth suggests HP 

support could be improved (24-26). Likewise, the finding that participants still value 

and trust information from HPs suggests enhanced support from HPs would be well 

accepted by patients undergoing chemotherapy. By exploring these patient 

perspectives, support needs, experiences, and sources of CAM information, HPs can 

be advised on how best to provide patient-centred support during chemotherapy to 

optimize symptom management, cancer treatment, quality of life, and ultimately 

survival. 

 

The preference for complementary over alternative medicines to enhance, rather than 

to replace, conventional treatments among participants of this study is consistent with 

findings in other cancer populations (27-29). Whilst this highlights the importance and 

value patients still place on evidence-based conventional cancer treatment and trust 

in treating oncology teams, it may be a reflection of the sample as participants were 

recruited after finishing chemotherapy in a large hospital setting. This finding reveals 

that chemotherapy patients feel there is a place for CAMs alongside anti-cancer 

treatments in the healthcare setting and although they don’t rely on CAMs to cure 

cancer, there is hope they will assist conventional chemotherapy in doing so. Aligning 

with the findings reported by Salamonsen et al. (30), participants in this study identified 

CAMs as ‘natural’ and therefore safer; raising concerns for HPs due to possible 

negative outcomes associated with numerous CAMs. In some instances, 

chemotherapy patients using CAMs have been found to report higher symptom 

burdens than those not using CAMs during their treatment (31). This also supports the 
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finding elsewhere that patients may not be aware of or fully understand the associated 

risks of CAM use, despite it being ‘natural’ (24). This study suggests that whilst 

participants feel CAM has a role alongside conventional medicine, CAM use is not yet 

integrated into their care, and patients may be using it in a way that is 

counterproductive or harmful to them.  

 

Similar to findings in other cancer populations at varying stages of their cancer journey, 

participants’ sense of hope for improved wellbeing guided CAM use during 

chemotherapy. Cancer patients often use CAMs with the hope of living a healthy and 

meaningful life with cancer and to have a better sense of controlling their health as a 

coping mechanism (32-34). Also consistent with research, a lesser sense of hope was 

associated with negative or neutral past experiences with CAMs, and positive 

experiences were linked to belief in effectiveness (29, 35). Despite some evidence to 

support the use of CAMs to improve wellbeing during chemotherapy, CAMs with a 

stronger level of evidence were not those used among participants in this study. For 

example, no participants engaged in acupressure or electroacupuncture, which has 

been given as a Grade B recommendation for controlling chemotherapy-induced 

nausea and vomiting by the Society of Integrative Oncology Clinical Practice 

Guidelines for the use of integrative therapies during and after breast cancer (36). 

Therefore, this supports the finding that participants trust and seek experiences of 

populist discourse, rather than scientific research and expert opinion. The finding that 

evidence-based practice for CAM use is not valued as highly as that for conventional 

cancer treatment may be due to patients not having adequate access to or ability to 

distinguish evidence-based CAM information, and is likely related to lack of CAM 

discussions with HPs (24-26).  

 

External opinions influenced trust in CAM knowledge; however, participants’ past 

experiences with CAMs guided the level of trust of others. Consistent with findings 

from other oncology research, word of mouth information from others with similar 

experiences was the most prominent and most valued source of CAM information (37-

40). This may be explained by Social Cognitive Theory (41), whereby behaviours are 

thought to be learnt through observing other people. By observing someone else’s 

behaviours or outcomes, belief may have been created in the participants that they 

can also complete the behaviour or experience that outcome. As HPs were often seen 
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as under-skilled or not interested in CAM use, cancer patients may be vulnerable to 

misinformation or unsubstantiated claims via word of mouth knowledge (38, 42, 43). 

Furthermore, disparities in views between patients, who may highly value CAMs, and 

HPs who place emphasis on scientific evidence and thus often discuss the negative 

aspects of CAMs, can largely influence trust in HP knowledge of CAMs. The 

associated discomfort in hearing opinions in opposition to one’s own beliefs can lead 

to discouraging patients from having CAM discussions with HPs, and can diminish the 

perceived trust in CAM information from HPs (25, 44). Therefore, findings of this study 

suggest that if the integration of CAMs is to occur in the cancer care setting, it could 

work best if driven by HPs with emphasis on effectively communicating evidence-

based practice.  

 

Limitations 
 

Although not necessarily a limitation, it must be acknowledged that participants were 

recruited from a CAM efficacy study and were therefore predisposed to CAM use, and 

had all received chemotherapy. Participant views, experiences, and needs may 

substantially differ from patients who chose not to participate in the SPICE trial, or 

those who chose to have no anti-cancer treatment or to use alternative medicine. More 

specifically, participants of this trial may have been more likely to convey positive 

attitudes towards CAMs and a preference for complimentary over alternative 

medicines. On the contrary, this approach may have resulted in greater richness in the 

data obtained regarding their CAM-related views, experiences and needs. Another 

limitation may include the small sample size; however, recruitment continued in a 

relatively homogenous population until researchers were confident that no new 

information or themes emerged from sampling subsequent participants. In addition, 

this study has been conducted in a metropolitan area of a high-income country, 

meaning findings may not apply to low- to middle-income countries or rural settings.  

 

Clinical implications and future research  
  

Being aware of the high proportion of patients using CAMs most commonly on word 

of mouth recommendation rather than evidence-based practice would assist HPs in 

providing enhanced patient-centred support regarding safe and effective CAM use 
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during chemotherapy. HPs would benefit from education on how to best inform 

patients of the potential risks, harms and lack of efficacy for CAM use during 

chemotherapy in a way that does not lead to patient non-disclose of CAM use. This 

would involve ways which HPs could engage patients in open and non-judgemental 

discussions about CAMs while being aware that disagreeing with patients’ decisions 

to use CAM without showing respect and compassion for such decisions may 

discourage patients from discussing CAM use. Specifically, HPs would likely benefit 

from using careful communication, especially if presenting views in opposition of 

patient beliefs and values. In particular, research suggests that unsuccessful 

communication about cancer-related CAM use has been attributed to lack of HP 

awareness to verbal and nonverbal cues, compassion to understand and care for 

patients, and adaptiveness to adapt to an individual’s unique wants, needs or situation 

(25). It would also be useful for HPs to be aware that scientific evidence may not be 

as highly valued by patients, particularly with advanced disease, therefore raising the 

importance of respecting patient decisions to use CAMs during chemotherapy even if 

against clinical recommendations.    

 

Chemotherapy patients and HPs would benefit from future research aiming for richer 

and deeper findings to better understand the perceptions and experiences of 

chemotherapy patients regarding CAM use. Future clinical research regarding CAM 

efficacy and safety during chemotherapy is warranted prior to integration into the 

existing biomedical model of cancer care. It would be of benefit for future studies to 

explore the perspectives and experiences of HPs to identify barriers and enablers in 

discussing and integrating CAM alongside conventional anti-cancer treatments, 

specifically with reference to patients undergoing chemotherapy. It would also be 

beneficial to investigate the insights and experiences of HPs in varied geographical 

locations with differing policies and levels of integration of CAMs. Subsequent 

research would assist in determining how CAM use during chemotherapy can be 

acknowledged and addressed by HPs in their already heavy caseloads.  

 
CONCLUSION 

Patients receiving chemotherapy in a large metropolitan hospital value CAMs as a 

natural complement to chemotherapy to improve wellbeing, with their use being most 
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strongly influenced by past experiences rather than expert opinion. HPs would benefit 

from research and education on how to best inform patients of the potential risks, 

harms and lack of efficacy for CAM use during chemotherapy in a way that does not 

lead to patient non-disclosure of CAM use. 
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“It’s all natural, so it shouldn’t hurt me”. Women with cancer have expressed this belief 

about complementary and alternative medicine (CAM) use alongside conventional 

medicine [1]. Whilst half of patients with cancer use CAM, the most common predictor 

of use is the female sex. CAM use has been reported in up to 60% of patients with 

breast cancer [2] and up to 90% in other female populations [3]. Some evidence exists 

to support the efficacy of both pharmacological (e.g., oral, topical, or intravenous 

dietary supplement and herbal products) and non-pharmacological CAM (e.g., 

massage, meditation, acupuncture, and chiropractic) in supporting women through 

their cancer trajectory [2, 3]. However, concerns regarding safety and non-disclosure 

of use to conventional multidisciplinary cancer care professionals suggests support 

could be improved [1]. This commentary discussed the prevalence, motives, efficacy, 

and safety of CAM use in women with cancer, and proposed steps for facilitating 

discussions about CAM to facilitate the first steps in the integration of CAM and 

conventional cancer care, to meet patient demands. 

 

CAM use among women with cancer is high, often for hope for improved 
wellbeing 
 
People living with and beyond a cancer diagnosis most often use complementary 

rather than alternative medicine to complement any treatment they may already be 

having, rather than replace it [1, 2]. Patients have expressed that the inclusion of 

complementary alongside conventional medicine was motivated by a hope to treat 

their cancer, cancer-related complications, and/or to optimize general health and 

wellbeing [1]. The inclusion and selection of which complementary medicine selected 

was reported to be strongly influenced by past experiences of the patient or their 

community networks, rather than expert advice [1, 2]. As many CAM options are 

available only outside of conventional health care systems, seeking CAM can give 

patients a sense of empowerment and reassurance that every avenue has been 

explored, gaining a sense of hope for improved wellbeing and control over their health 

and cancer treatment [2]. Unfortunately, patients may also seek CAM due to 

dissatisfaction with conventional medicine or due to the inappropriate influence of 

others [2].  
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It is unsurprising that women have a higher prevalence of CAM use as women also 

have a greater likelihood to use health care in general. Women with cancer may also 

be more likely to use CAM as they may be more inclined to discuss their health and 

diagnosis with others, which has been an observed predominant source of information 

on CAM [1, 2]. Other predictors of CAM use have been identified as higher level of 

education, whereby patients may be more inclined to question conventional medicine 

and seek alternative views and therapies, and higher income, as CAM often require 

out-of-pocket expenses. In addition, higher CAM use has been associated with 

younger age groups who may be more likely to perceive a cancer diagnosis as 

seriously threatening to future life plans and may be more influenced by social media 

[2].  

 

Efficacy of CAM is conflicting and non-disclosure of use to health professionals 
is high 
 
Although limited by heterogeneity and small sample sizes, systematic reviews have 

shown positive effects of massage and yoga on mood and cancer-related fatigue, 

acupuncture in relieving cancer-related pain and peripheral neuropathy, and ginger in 

alleviating chemotherapy-induced nausea and vomiting [1, 3]. CAM use in women with 

cancer has therefore been demonstrated to support cancer symptom management 

and side-effects and boost perceived wellbeing. However, some CAM, such as St. 

John’s wort or high dose antioxidants, have been shown to adversely affect patient 

pathology, increase symptom burden, interact with cancer treatment, and/or other 

medications leading to reduced efficacy or toxicities, and cause complications of co-

morbidities [1, 3, 4].  

 

Given the common use of CAM in conjunction with limited evidence of efficacy and 

safety, non-disclosure of CAM (up to 84% in women with cancer) is of concern [3]. 

Women with cancer have perceived conventional health care professionals as under-

skilled or disinterested in CAM, leading to the belief that CAM is outside their scope of 

practice [3]. A high rate of patients with cancer have reported lack of health 

professional inquiry into CAM use, which may contribute to the perception that CAM 

is not relevant to conventional multidisciplinary cancer care [1, 3]. Many women have 

also reported fear of judgement or disapproval from their health care professionals 
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regarding their CAM use, and worry that disclosure could damage their relationship 

with their treating team [3]. Evidence-based practice means that health care 

professionals emphasize scientific evidence and therefore may only present the 

negative aspects of CAM or CAM evidence. This may lead to real or perceived conflict 

in the value of CAM between the patient and health care professional. The discomfort 

in hearing conflicting opinions or information to one’s own beliefs and values may 

diminish the trust in health care professional knowledge and discourage patients from 

having CAM discussions with their treating team [1].  

 

There is an insufficiency of health care professionals to advise women on the 
use of CAM 
 
A wide range of CAM practitioners are not well integrated into conventional cancer 

care, such as naturopaths, massage therapists, acupuncturists, chiropractors, and 

osteopaths, which makes communication difficult between health care providers [5]. 

Further, some medical and/or allied health care professionals, who may even use 

complementary medicines in their cancer care (e.g., art therapy, nutraceuticals, 

physical activity), show contempt for some types of CAM providers, limiting 

communication and coordination-of-care. This places extra burden on the patient to 

navigate what they believe to be the best of both CAM and conventional medicine.  

Health care professionals in conventional health care systems have reported lacking 

the knowledge, skills, and confidence in providing advice on CAM, likely due to the 

lack of evidence-based CAM guidelines and training. This aligns with patients’ view 

that health care professionals lack skill, knowledge, and interest in CAM [4]. 

Nonetheless, due to the high prevalence of CAM use, multidisciplinary cancer care 

professionals have a responsibility to engage women with cancer in discussions about 

CAM, and respect and aim to understand patient decisions regarding CAM use, even 

if the CAM selected have limited or conflicting evidence. Such discussions are required 

to build mutual respect and allow the opportunity for health care professionals to 

ensure the safety and adequate monitoring of women with cancer during and after 

treatment. To support this goal, multidisciplinary cancer care professionals may 

benefit from guidelines and clinical resources to inform their knowledge and skill in 

CAM using during cancer, as well as communication approaches and models-of-care 

which facilitate discussion with both patients and CAM practitioners [1, 4].  
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Future steps are more complex than just building the evidence base for CAM 
efficacy  
 
Although building the evidence base for CAM efficacy and safety as well as models-

of-care which facilitate communication are key to improving the safe use of CAM in 

cancer, funding must also be addressed [1, 4]. Challenges seen with oncology models-

of-care which integrate CAM services into conventional care have reported funding 

and affordability as the biggest barrier to implementation. CAM services have been 

described as ‘luxury items’ by patients with cancer and government bodies do not 

recognize CAM as essential in supporting women through their cancer journey [4, 5]. 

The implementation of CAM into conventional medicine without funding from public 

and private health sectors will result in inequalities in healthcare. Research regarding 

not only clinical efficacy and safety but also cost-benefit will support policy makers to 

create policy which boosts health equity and value-based care. As CAM are mostly 

used as add-ons rather than substitutes for conventional care by women with cancer, 

cost-benefit analyses should select appropriate value-based outcomes such as 

treatment adherence, unmet care needs, or patient satisfaction with care [5]. 

 

Conclusion 

CAM use in women with cancer is high and may be valued by patients as part of their 

conventional cancer treatment as an opportunity for improved wellbeing, despite 

conflicting evidence regarding efficacy and safety. Women with cancer require support 

in their CAM use, however, non-disclosure of CAM use to health care professionals is 

high and CAM is not yet well integrated into conventional cancer care. Improved 

support of women with cancer requires clinical resources, integrated models-of-care, 

clinical and economic research, and policy which supports funding for health equity 

and value-based care.  
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4.1  SUMMARY  

Chapter 3 highlighted the need for future clinical research regarding CAM efficacy and 

safety during chemotherapy, prior to its integration into supportive cancer care. This 

chapter, therefore, explores the effects of ginger on human health, a dietary CAM used 

among patients undergoing chemotherapy typically for the management of CINV. As 

comorbidities are high among people with cancer, it is useful to understand the 

broader health effects of ginger in all populations, thus this chapter was not restricted 

to cancer patients as currently there is little exploration of the effects of ginger beyond 

CINV, cancer related-fatigue, and cancer-related quality of life.  

An umbrella review was conducted to synthesise and evaluate the highest quality 

evidence on any therapeutic health effect of ginger in humans. This systematic 

umbrella review of 24 systematic literature reviews found the strongest evidence was 

for the antiemetic effects of ginger in pregnant women (effect size: large; GRADE: 

high), analgesic effects for osteoarthritis (effect size: small; GRADE level: high), and 

glycemic control (effect size: none-to-very large; GRADE level: very low-to-moderate). 

Ginger also had a statistically significant positive effect on blood pressure, weight 

management, dysmenorrhea, post-operative nausea, and chemotherapy-induced 

vomiting (effect size: moderate-to-large; GRADE level: low-to-moderate) as well as 

blood lipid profile (effect size: small; GRADE level: very low) and anti-inflammatory 

and antioxidant biomarkers (effect size: unclear; GRADE level: very low-to-moderate). 

There was substantial heterogeneity and poor reporting of ginger interventions across 

included reviews, warranting future highly powered, well-reported randomised 

controlled trials. However, doses of 0.5-3g per day in standardized capsule form 

administered for up to three months duration were consistently reported as effective 

across all outcomes. No serious adverse effects were associated with oral ginger 

consumption. 

Most systematic reviews in this umbrella review were rated as having low study quality. 

Another key limitation of the findings represented by this umbrella review were due to

the heterogeneity of dose, frequency, and duration of ginger interventions, evident by 

high statistical heterogeneity in most systematic review meta-analyses. Therefore, the 

quality of the reporting of systematic reviews requires improvement in order for more 

confident recommendations to be drawn. Any future trials should use standardized 
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ginger and must test and report ginger bioactives, ginger species, intervention dose, 

frequency of administration, and duration of intervention.  
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5.1  SUMMARY  

As raised in Chapter 4, most systematic reviews on the therapeutic effects of ginger 

were rated as having poor study quality, highlighting the need for future reviews that 

are rigorously conducted according to guidelines. Therefore, this chapter includes a 

systematic review on the efficacy of ginger for CINV and related outcomes conducted 

according to the Cochrane Guidelines for Systematic Reviews and reported according 

to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

statement. 

This systematic review and meta-analysis searched five electronic databases to locate 

intervention studies that compared any form of ginger supplementation with placebo 

or antiemetic medication. The quality of evidence was appraised with the Cochrane 

Risk of Bias tool and Grading of Recommendations, Assessment, Development, and 

Evaluation (GRADE) level. A total of 18 studies were included.  

This systematic review found that the likelihood of acute vomiting was reduced by 60% 

with standardised or unspecified ginger supplementation of 1 g/day in capsule form 

for duration of >3 days, compared with control groups (OR: 0.4, 95% CI 0.17 to 0.81; 

p=0.01; n=3 studies; n=3 interventions; n=301 participants; I2=20%; GRADE level: 

Moderate). The likelihood of fatigue was reduced by 80% with standardised or 

unspecified ginger supplementation of any dose in capsule form for duration of <3 

days (OR: 0.2, 95% CI, 0.03 to 0.87; p=0.03; n=1 study; n=2 interventions; n=219 

participants; I2=0%; GRADE level: Low). No statistically significant association was 

found between ginger and the likelihood of overall or delayed vomiting, likelihood or 

severity of nausea, or other outcomes related to chemotherapy-induced nausea and 

vomiting. 

It was concluded that ginger supplementation might benefit chemotherapy-induced 

vomiting as well as fatigue; however, due to clinical heterogeneity, no association was 

found between ginger and other outcomes. The results of this systematic review and 

meta-analysis provided a rationale for further research with stronger study designs, 

adequate sample sizes, standardized ginger products, and validated outcome 

measures to confirm efficacy of ginger supplementation and optimal dosing regimens. 
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CHAPTER 5.1 Summary of Chapter 5: Ginger for Chemotherapy-induced Nausea and Vomiting 
 

As recommended in Chapter 4 as well as in the systematic review presented in this 

chapter, the implementation of future highly powered, well-reported randomised 

controlled trials that clearly specify the type of ginger, standardised active constituent 

composition, dose, frequency, and duration of supplementation was warranted. 

Therefore, a multicentre randomised double-blind placebo-controlled trial was 

conducted to assess the efficacy and safety of a standardised adjuvant ginger root in 

adults undergoing single-day moderate to highly emetogenic chemotherapy. The 

protocol for the randomised controlled trial was published as a co-authored paper, 

presented in Appendix IV. The intervention comprised four capsules of ginger root 

(totalling 60 mg of active gingerols/day), commencing the day of chemotherapy and 

continuing for five days during chemotherapy Cycles 1 to 3. 

The randomised controlled trial found convincing evidence against the null hypothesis, 

showing that adjuvant ginger supplementation, in comparison to placebo, was 

associated with clinically relevant improvements in nausea-related QoL, overall CINV-

related QoL, and severity of delayed nausea at all chemotherapy cycles. Evidence 

was further found by the trial that ginger improved incidence of delayed nausea and 

vomiting, fatigue, and malnutrition at one or two chemotherapy cycles. Although ginger 

was found to be also associated with improvements in vomiting-related QoL, health-

related QoL, and number of delayed vomiting episodes; however, these findings were 

not clinically relevant. There was insufficient evidence against the null hypothesis for 

the effect of ginger on anticipatory or acute CINV, anxiety, and depression; and 

potentially confounding variables did not influence results. Ginger appeared safe for 

use with no serious adverse events related to the intervention.  

In summary, this chapter highlighted that ginger supplementation appeared to be a 

safe and viable adjuvant therapy, delivered alongside standard antiemetic medications 

for CINV, that enhanced the wellbeing and quality of life of people during their 

chemotherapy treatment. Ginger was associated with clinically relevant improvements 

in CINV, particularly in the delayed phase that is difficult to manage in clinical practice, 

as well as fatigue and nutrition status. Future well-powered robust trials that use and 

report on standardized ginger formulations are required to examine dose-dependent 

responses to verify optimal dosing regimens.
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RESEARCH SNAPSHOT 
 
Research Question: The aim of this systematic review update with meta-analyses is 

to evaluate, in adult cancer patients receiving chemotherapy, the effects of ginger 

supplementation dose and duration on the incidence and severity of chemotherapy-

induced nausea and vomiting (CINV) and outcomes related to CINV (e.g. quality of 

life, fatigue, adverse events), compared to placebo or standard anti-emetic medication. 

 

Key Findings: Eighteen papers were analysed. The likelihood of acute vomiting was 

reduced by 60% with ginger supplementation of ≤1g/day for >3-days duration, 

compared to control groups (OR: 0.4; 95% CI: 0.17-0.81; P=0.01). The likelihood of 

fatigue was reduced by 80% with ginger supplementation of any dose for <3-days 

duration (OR: 0.2; 95% CI: 0.03-0.87; P=0.03). No statistically significant association 

was found between ginger and likelihood of overall or delayed vomiting, likelihood or 

severity of nausea, or other outcomes related to CINV. 
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ABSTRACT  
 
Background: Ginger has been proposed as an adjuvant treatment for chemotherapy-

induced nausea and vomiting (CINV).  

 

Objective: The aim of this systematic review with meta-analyses is to evaluate, in 

adult cancer patients receiving chemotherapy, the effects of ginger supplementation 

dose and duration on the incidence, duration, and severity of CINV and outcomes 

related to CINV (quality of life, fatigue), compared to placebo or standard anti-emetic 

medication. 

 

Method: Five electronic databases were searched from database inception to April 

2018. The quality of evidence was appraised with the Cochrane Risk of Bias tool and 

GRADE. Data were pooled using Revman. 

 

Results: Eighteen papers were analysed. The likelihood of acute vomiting was 

reduced by 60% with ginger supplementation of ≤1g/day for >3-days duration, 

compared to control groups (OR: 0.4; 95% CI: 0.17-0.81; P=0.01; n=3 studies; n=3 

interventions; n=301 participants; I2=20%; GRADE level: moderate). The likelihood of 

fatigue was reduced by 80% with ginger supplementation of any dose for <3-days 

duration (OR: 0.2; 95% CI: 0.03-0.87; P=0.03; n=1 studies; n=2 interventions; n=219 

participants; I2=0%; GRADE level: low). No statistically significant association was 

found between ginger and likelihood of overall or delayed vomiting, likelihood or 

severity of nausea, or other outcomes related to CINV. 

 

Conclusions: Ginger supplementation might benefit chemotherapy-induced vomiting 

as well as fatigue. Due to clinical heterogeneity, this systematic review update found 

no association between ginger and chemotherapy-induced nausea and other CINV-

related outcomes. The results of this systematic review and meta-analysis provide a 

rationale for further research with stronger study designs, adequate sample sizes, 

standardized ginger products, and validated outcome measures to confirm efficacy of 

ginger supplementation and optimal dosing regimens.  
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INTRODUCTION 
 

Nausea and vomiting are among the most distressing side effects of chemotherapy 

(CTx). 1,2 Chemotherapy is a common and effective treatment for cancer; however, 

chemotherapy-induced nausea and vomiting (CINV) can affect treatment completion 

as it is known to exacerbate fatigue, anxiety and depression, 3 as well as decrease 

quality of life (QoL) and food intake. 4-7 Consequently, CINV is attributable to 50-60% 

of CTx patients experiencing protein-energy malnutrition as a result of failing to meet 

nutritional requirements, 8 which further compromises treatment outcomes. 9 Good 

management of CINV is therefore a priority to optimize treatment efficacy, QoL, and 

subsequent survival. 4-6 

 

Anti-emetics to prevent and manage CINV are often prescribed in combination, with 

the precise regimen tailored to the emetogenicity of the CTx and patient characteristics. 

10  Consensus between the three main clinical guidelines for anti-emetic prescription 

suggests the administration of a serotonin (5-HT3) receptor antagonist and 

dexamethasone for moderately emetogenic CTx regimens (those with 30-90% risk of 

emesis), with the addition of a neurokinin 1 (NK1) receptor antagonist for patients 

receiving highly emetogenic CTx (>90% risk of emesis). 11,12 Despite pharmacological 

developments with combination anti-emetics, CINV remains a problematic side effect 

of CTx. 13  

 

Ginger (Zingiber officinale) is a traditional remedy for nausea and vomiting in many 

cultures and has been investigated for use in motion sickness, morning sickness, and 

post-operative nausea. 14 More novel is the role of ginger for the prevention and 

management of CINV. 15,16 The exact mechanism remains unclear; however, 

beneficial effects are thought to be due to the effects of gingerol and shogaol 

compounds on multiple components of CINV pathways. 17 The most well understood 

pathway is ginger’s antagonistic effect on 5-HT3 receptors. Ginger non-competitively 

inhibits 5-HT3 receptor activation in humans via binding at a site that is different from 

other types of 5-HT3 receptor antagonists. 18 Therefore, synergistic inhibition of 5-HT3 

signalling might occur when ginger is combined with other 5-HT3 antagonists, for 

example ondansetron, a common anti-emetic administered during CTx, suggesting 
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there are additional beneficial effects when ginger is included in anti-emetic regimens. 

17,19 Ginger is also thought to render beneficial effects through its antagonistic effect 

on muscarinic and histaminergic receptors; its ability to regulate gastric emptying and 

gastrointestinal motility; and its role in reducing oxidative stress and inflammation. 17 

These multiple pathways may also be linked with other CINV-related symptoms such 

as fatigue, anxiety, and depression, thereby impacting overall health-related quality of 

life. 3,17,20-22 

 

Two systematic reviews, both published in 2013, 15,16 explored the effect of ginger on 

CINV. The first review identified seven clinical studies that investigated supplemental 

ginger to treat CINV. 15 Qualitative examination of included studies was used by Marx 

et al. 15 to conclude that the available literature provided mixed support for the use of 

ginger, not warranting standard recommendations for its use in the clinical setting. The 

second review identified five double-blind placebo-controlled randomized trials for 

inclusion, and meta-analysis determined no significant association between ginger 

and the control of CINV. 16 However, both reviews highlighted major limitations in 

existing research in terms of study design with non-standardized CTx and anti-emetic 

regimens, inconsistent and/or inadequate ginger intervention dose and duration, as 

well as failure to identify or control potentially confounding variables. 15,16  

 

Due to the inconclusive nature of the previous systematic reviews15,16 and more recent 

publication of clinical trials that examine the effect of ginger on CINV, an updated 

review of the literature was warranted. The aim of this systematic review update with 

meta-analyses was to evaluate, in adult cancer patients receiving CTx, the effects of 

ginger supplementation dose and duration on the incidence and severity of CINV and 

outcomes related to CINV (quality of life, fatigue), compared to placebo or standard 

anti-emetic medication. 

 
METHOD 
 
This systematic review was reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) statement. 23 The study protocol 

was registered with the International Prospective Register of Systematic Reviews 

(PROSPERO number: CRD42017077022).  
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Search Strategy 

PubMed, the Cochrane Library, and CINAHL databases were previously searched by 

the authors from database inception up until April 2012 to locate both parallel and 

crossover intervention trials. The findings of that search were reported by Marx et al. 

15 For this update, these databases were searched to locate studies published from 

April 2012 to April 2018 with the addition of two databases: Embase and Web of 

Science, which were searched from database inception to 19 September 2017. The 

search strategy used for this updated review was similarly based upon the following 

terms: (ginger* OR zingiber officinale) AND (cancer* OR chemotherap*) AND (nausea 

OR vomit*) AND (randomized controlled trial OR intervention). The search strategy 

was designed in PubMed using a combination of keywords and controlled vocabulary 

and translated to other databases with Polyglot24 (full search strategy is shown in 

Online Supplementary Material 1). A snowballing search was also used, whereby 

reference lists of included studies and previous systematic and narrative reviews were 

considered to identify additional studies not found in the systematic search strategy 

up until 4 April 2018. Initial screening of titles and abstracts, as well as full-text 

screening, were completed by two investigators independently (MC and SM). 

Disagreement between reviewers was resolved by discussion with a third researcher 

(WM).  

 

Selection of studies 

Studies published in any language were included in this review if they provided an 

intervention of ginger supplementation in any form to adult (mean sample age ≥18 

years) human participants undergoing CTx for cancer and had used a control of either 

placebo or anti-emetic medication. Studies were excluded if the population of interest 

was receiving concurrent radiation therapy, which is a known predictive factor for 

nausea and vomiting. Studies were included if participants were undergoing other 

therapies such as surgery, biologics, immunotherapy, and bone marrow transplant 

therapy. Non-English language studies were also excluded if they could not be 

translated to English with Google Translate software. 25 The primary outcomes of 

interest were CINV incidence (number of participants who reported nausea and/or 

vomiting of any severity) and nausea severity (measured using any tool). Secondary 

outcomes were patient QoL, fatigue, anxiety or depression, adverse events (any 

reported side effects relatable to the intervention), adherence to the intervention, 
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stomach dysrhythmia, tachygastria or bradygastria, nutritional status, dietary intake, 

health service use, health care costs, and mortality. 

 

Data extraction and review of study quality 

Data extraction and individual study quality assessment using the Cochrane Risk of 

Bias Tool15 were carried out independently on all studies, including eligible studies 

identified in the review by Marx et al., by two authors (MC and [WM or SM]), with 

disagreements managed by consensus.  

 

The certainty in the body of evidence for each outcome of interest was classified by 

the Grading of Recommendations, Assessment, Development and Evaluation 

(GRADE) approach26  with the software GRADEpro GDT [GRADEpro Guideline 

Development Tool, McMaster University, 2015 (developed by Evidence Prime, Inc)]. 

Four levels of certainty for the estimated effect were utilized by the GRADE 

assessment: very low (very little confidence), low (limited confidence), moderate 

(moderately confident), and high (very confident). The GRADE level of evidence was 

determined by review and discussion amongst three authors (MC, SM, and WM).  

 

Meta-analysis 

Where two or more interventions reported the same outcome with sufficient incidence 

or mean and variance data, outcomes for the intervention and control group were 

pooled by meta-analysis using Revman. 27 The overall effect size was calculated by 

combining all the individual studies’ outcome data and associated 95% confidence 

interval (CI) to calculate an odds ratio or mean difference using the standard random 

effects method in Revman. The pooled categorical outcomes were reported as odds 

ratios (OR; ratio of the odds of the outcome in the two groups of interest) with 95% 

confidence intervals, using the Mantel-Haenszel test. The inverse variance test pooled 

continuous outcomes, which were reported as mean differences (MD) where the same 

tool and scale was used, or the standardized mean difference (SMD) where different 

measurement scales or tools for the same construct were used. To support clinical 

interpretation, SMDs were re-expressed into a scale of one of the included 

measurement tools by multiplying the SMD effect size by the standard deviation of the 

tool’s scale in the total sample. 28 Heterogeneity was evaluated with the I2 statistic, 

with >50% representative of substantial heterogeneity. 29 A P value of less than 0.05 
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was considered the cut off for statistical significance. When meta-analyses included 

10 or more studies, a funnel plot was generated by Revman to assess publication bias. 

If there was a non-significant trend or substantial heterogeneity, sensitivity analyses 

were undertaken with study factors such as participant characteristics, study design, 

study quality, and intervention/confounding variables. Additionally, to identify the effect 

of various dosing regimens, subgroup analyses were performed. Due to conflicting 

optimal dosing regimens and duration of intervention in the literature, interventions 

were divided as evenly as possible which generated the daily dosing categories of ≤1g 

/ >1g and duration categories of ≤3 / >3 days.  Therefore, subgroup analyses were 

undertaken using four groups: 1) short intervention duration (≤3 days per CTx cycle) 

with low dose (≤1g/day); 2) short intervention duration (≤3 days per CTx cycle) with 

high dose of ginger (>1g/day); 3) long intervention duration (>3 days per CTx cycle) 

and low dose of ginger (≤1g/day); 4) long intervention duration (>3 days per CTx cycle) 

and high dose of ginger (>1g/day). Additionally, it was hypothesized that ginger could 

have varying levels of efficacy for anticipatory (prior to CTx), acute (≤24 hours post 

CTx), and delayed (>24 hours post CTx) CINV; therefore, separate analyses were 

performed for each.   

 

RESULTS 
 

Search results and study quality 

The search strategy and study selection process that led to the 18 studies included in 

this review are displayed in Figure 1. A total of 13 papers were analysed in nine meta-

analyses. Figure 2 indicates that risk of bias across all papers was mostly low, with all 

but four papers included having low risk of bias for at least four of the seven domains 

(justifications are shown in Online Supplementary Material 2). However, the majority 

of papers had an unclear or high risk of bias for allocation concealment, mainly due to 

papers failing to provide a description of concealment procedures. Two papers, 30,31 

which reported nausea outcomes only, had poor study quality due to >70% of 

Cochrane Risk of Bias domains rated as unclear or high risk of bias. Due to the small 

number of studies in each meta-analysis, publication bias could not be assessed. 
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Figure 1. PRISMA flowchart of the search results and included papers in this 

systematic review with meta-analyses aiming to evaluate, in adult cancer patients 

receiving chemotherapy, the effects of ginger supplementation dose and duration on 

the incidence and severity of chemotherapy-induced nausea and vomiting and 

outcomes related to chemotherapy-induced nausea and vomiting (quality of life, 

fatigue). a Reference lists of included studies and previous systematic and narrative 

reviews were examined to identify additional studies not found in the systematic 

search strategy. 
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Figure 2. Risk of bias summary: Judgements from the review authors about bias in 

each paper included in this systematic review with meta-analyses aiming to evaluate, 

in adult cancer patients receiving chemotherapy, the effects of ginger supplementation 

dose and duration on the incidence and severity of chemotherapy-induced nausea 

and vomiting and outcomes related to chemotherapy-induced nausea and vomiting 

(quality of life, fatigue). 

 

Intervention characteristics 

Characteristics of the 18 included studies are summarized in Table 1 and shown in 

detail in Online Supplementary Material 3. Konmun et al. 32 and Danwilai et al. 33 

reported different outcomes in each paper; however, they refer to the same study and 

intervention. One study had two intervention arms34 and another had three intervention 

arms; 35 therefore, a total of 20 interventions are referred to in this review.  

 

The active constituents in the ginger interventions were specified in ten interventions. 

Combined gingerols, zingerone, and shogoals of an unspecified dose were used in 

three interventions; 35 gingerols (ranging from 11-16 mg) and shogoal (ranging from 

0.92-1.12 mg) were used in four interventions; 34,36-38 and gingerols (ranging from 0.5-

150 mg) alone were administered in three interventions. 32,33,38,39 Adherence to the 

prescribed supplements ranged from 71%39 to 97%40 with no significant difference 

between intervention and control groups. 
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Table 1. Summary of intervention characteristics and study samples of the 18 included studies in this systematic review with meta-

analyses aiming to evaluate, in adult cancer patients receiving chemotherapy, the effects of ginger supplementation dose and duration 

on the incidence and severity of chemotherapy-induced nausea and vomiting and outcomes related to chemotherapy-induced nausea 

and vomiting (quality of life, fatigue). 
Citation Country Study 

Design 
Sample 
Size 

CTX 
emetogenicity 

Anti-
emetic 
Use 
(Yes/No) 

Intervention Intervention 
dose 

Intervention 
duration 

Comparator  

Alparslan  
2012 [93] 

Turkey Non-RCT N=45 Not specified Not 
specified 

Tablet 
(ginger type unspecified) 

1.6g/d  
(2x 0.4g BD) 

Entire treatment 
duration 

IV antiemetic  

Arslan  
2015 [94] 

Turkey RCT N=60 Not specified Yes  Sachet  
(powdered ginger root on 
yoghurt) 

1g/d  
(0.5g BD) 

3 days; from 30 
mins before Cycle 
1 Day 1 

Standard care 

Bossi  
2017 [95] 

Italy Double blind 
placebo RCT 

N=251 High Yes 
 

Capsule 
(liquid ginger root extract) 

0.16g/d  
(2x 0.04g 
BD) 

42-56 days; from 
Day 2 of each 
Cycle 

Placebo 

Danwilai  
2017 [96] 

Thailand Pilot double 
blind placebo 
RCT 

N=50 Moderate or high Yes  Capsule 
(powdered ginger root 
extract) 

0.02g/d  
(2x0.005g 
BD) 

From 3 days prior 
to Cycle 1 Day 1 
through to Cycle 4 

Placebo 

Fahimi  
2011 [97] 

Iran Double blind 
crossover 
placebo RCT 

N=50 Not specified Yes Capsule 
(powdered ginger root 
extract) 

1g  
(2x 0.25g 
BD) 

3 days; from 
Cycle 1 Day 1, 
then a 3-week 
washout period 

Placebo 

Konmun  
2017 [98] 

Thaliand Double blind 
placebo RCT 

N=88 Moderate or high Yes Capsule 
(type unspecified) 

0.02g/d  
(2x0.005g 
BD) 

From 3 days prior 
to CTx Day 1 for 
at least 3 Cycles 

Placebo 

Li  
2018 [99] 

China Double blind 
placebo RCT 

N=146 Moderate or high Yes Capsule 
(powdered ginger root 
extract) 

0.5g/d  
(2x0.25g 
BD) 

5 days; from CTx 
Day 1 

Placebo 

Manus-
irivithaya 
2004 [100] 

Thaliand Double blind 
crossover 
RCT 

N=48 High Yes Capsule 
(powdered ginger root 
extract) 

1g  
(0.25g QID) 

5 days; then a 3-4 
week washout 
period 

Placebo 

Marx  
2017 [101] 

Australia Double blind 
placebo RCT 

N=51 Not specified Yes Capsule 
(powdered ginger root 
extract) 

1.2g  
(0.3g QID) 

5 days; from CTx 
Day 1 

Placebo 

Montazeri  
2013 [102] 

Iran Crossover 
double blind 
placebo RCT 

N=44 Not specified Yes Capsule 
(powdered ginger root 
extract) 

1g/d  
(2x 0.25g 
BD) 

For one Cycle (at 
least 28 days) 

Placebo 
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before crossing 
over 

Muthia  
2013 [103] 

Indonesia Control time 
series 

N=20 Not specified Yes Drink 
(type unspecified) 

1 serve  
(QID) 

Not specified Standard care 

Panahi  
2012 [104] 

Iran Open pilot 
RCT 

N=100 Moderate or high Yes 
 

Capsule 
(powdered ginger root 
extract) 

1.5g  
(0.5g TID) 

5 days; from CTx 
Day 1 

Placebo 

Ryan  
2012 [105] 

USA Double blind 
placebo RCT 

N=371 Any Yes Capsule 
(liquid ginger root extract) 

0.5g/d  
(2x0.25g) 

6 days; from 3 
days before CTx 
Day 1 

Placebo 

   N=375 Any Yes 
 

Capsule 
(liquid ginger root extract) 

1g/d  
(4x 0.25g) 

6 days; from 3 
days before CTx 
Day 1 

Placebo 

   N=375 Any Yes 
 

Capsule 
(liquid ginger root extract) 

1.5g/d 
(6x 0.25g). 

6 days; from 3 
days before CTx 
Day 1 

Placebo 

Sanaati  
2016 [106] 

Iran Double blind 
RCT 

N=43 Not specified Yes Capsule 
(powdered ginger root 
extract) 

1g/d  
(0.5g BD) 

10 days; from 5 
days before CTx 
Day 1 

Standard care 

Shokri  
2017 [107] 

Iran Double blind 
placebo RCT 

N=49 Not specified Not 
specified 

Capsule 
(type unspecified) 

2g/d  
(1g BD) 

For 6 Cycles Placebo  

Thamlik-
itkul 2017 
[108] 

Thailand Double blind 
crossover 
placebo RCT 

N=34 High Yes Capsule 
(powdered ginger root 
extract) 

1g  
(0.5g BD) 

5 days; from CTx 
Day 1 

Placebo 

Yekta  
2012 [109] 

Iran Double blind 
placebo RCT 

N=98 Any Yes Capsule 
(powdered ginger root 
extract) 

1g  
(0.25g QID) 

6 days; from 3 
days before CTx 
Day 1 

Placebo 

Zick  
2009 [110] 

USA Double blind 
placebo RCT 

N=110 Any Yes Capsule 
(powdered ginger root 
extract) 

1g/d  
(4x 0.25g) 

3 days; from CTx 
Day 1  

Placebo 

   N=109 Any Yes Capsule 
(powdered ginger root 
extract) 

2g/d  
(8x 0.25g) 

3 days; from CTx 
Day 1 

Placebo 

 

CTX: chemotherapy; RCT: randomised controlled trial; IV: intravenous; BD: twice daily; QID: four times daily; TID: three times daily 
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Study samples 

Sample sizes ranged from n=2041 to n=37535 (n=1,652 total participants; 64% female) 

and are reported in detail in Online Supplementary Material 3. Participants in eight 

studies were administered platinum-based CTx with or without other CTx agents, 

32,33,36,38,42-45 six were administered anthracycline-based CTx, 31-33,40,45,46 and six 

studies did not specify the CTx agents administered to participants. 30,34,35,37,39,47 Six 

studies reported patients received single-day CTx treatments, 34,36,37,39,47 while the 

remaining studies did not specify days of CTx treatment. Participants in 13 studies 

were administered a corticosteroid in combination with a 5-HT3 receptor antagonist; 31-

33,35-37,40-44,46,47 and seven were administered additional anti-emetics.31,32,36,40,43,44,47 

 

Efficacy of ginger supplementation for nausea and vomiting outcomes  

Table 2 contains all meta-analyses conducted for primary and secondary outcomes. 

Forest plots for all non-significant meta-analyses are shown in Online Supplementary 

Material 4 and justifications for the all GRADE levels are shown in Online 

Supplementary Material 5. In terms of primary outcomes, the only significant finding 

was for duration of >3 days of supplementation with doses ≤1g/day which reduced the 

likelihood of acute vomiting by 60% (Figure 3). Results regarding anticipatory CINV 

were unable to be pooled due to lack of studies that reported this outcome. Only one 

study reported results related to anticipatory nausea, finding no significant difference 

in likelihood of anticipatory nausea between control and intervention groups. 36 

However, it is unclear whether participants in this study were consuming the 

intervention at the time of anticipatory nausea being measured (at day 21 or 28 prior 

to commencing subsequent CTx cycles). Only one study reported results related to 

anticipatory vomiting, which found significantly higher incidence among the control 

group compared to those who received ginger supplementation (IG n=0.5/40 (SD 0.3); 

CG n=1.5/40 (SD 5.9); P=0.04). 37 

 

In terms of secondary outcomes, three of the four studies32,38,39 that reported data on 

QoL found a statistically significant difference in QoL scores between control and 

intervention groups at the end of the study period, favouring ginger intervention over 

control, however, no significant association was found with meta-analysis (Table 2). 

The only significant findings in regards to fatigue were identified with sensitivity 

analysis, which found ginger supplementation of any dose for ≤3-days reduced 
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likelihood of fatigue by 80% (Figure 4). No studies reported outcomes on anxiety and 

depression; stomach dysrhythmia, tachygastria or bradygastria; nutrition status; 

dietary intake; health service use; or health care costs. 

 

Seven studies reported on events believed to be directly attributable to the intervention. 

33,35-39,43 Of these, three provided adequate data for meta-analysis, finding ginger 

supplementation of any dose for any duration significantly increased likelihood of any 

gastrointestinal, flushing, rash-related, or unspecified adverse event (Figure 5). 

Reported gastrointestinal symptoms potentially relatable to the study intervention 

included dry mouth, heartburn, reflux, constipation and diarrhoea; however, due to 

insufficient data for meta-analysis, only the results on heartburn were able to be pooled, 

finding no association between ginger supplementation of any dose for any duration 

and likelihood of heartburn. Studies reported no significant differences between 

adverse events not directly attributable to the intervention, which included neutropenia 

and other unspecified biochemical markers, restlessness, headache, and heart 

palpitations. Two studies reported incidence of mortality, with no statistically significant 

difference reported between intervention and control groups. 44,45 
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Table 2. Results from meta-analyses conducted to evaluate, in adult cancer 

patients receiving chemotherapy, the effects of ginger supplementation dose and 

duration on the incidence and severity of chemotherapy-induced nausea and 

vomiting and outcomes related to chemotherapy-induced nausea and vomiting 

(quality of life, fatigue). 
 
Outcome Pooled 

estimate 
Significance 
of pooled 
estimate 

Heterogeneity 
(I2) 

Number 
of 
interven-
tions 

Sample 
Size 

GRADE 
level 

Nausea incidence 
Overall nausea incidence:a 

any dose, any duration 
OR: 1.0,  
95% CI:  
0.74-1.28 

P=0.82b 0%c 8 883 moderate 

Acute nausea incidence: 
any dose, any duration 

OR: 0.8,  
95% CI:  
0.47-1.42 

P=0.47b 63% 6 590 very low 

Delayed nausea incidence:a 

any dose, any duration 
OR: 0.9,  
95% CI:  
0.65-1.30 

P=0.64b 28% 7 834 moderate 

Nausea Severity 
Overall nausea severity: 
any dose, any duration 

SMD: 0.2,  
95% CI:  
-0.02-0.38 

P=0.08 0%c 3 378 low 

Acute nausea severity: 
any dose, any duration 

SMD: 0,  
95% CI:  
-0.17-0.23 

P=0.76b 0% 5 438 low 

Delayed nausea severity: 
any dose, any duration 

SMD: 0.4,  
95% CI:  
-0.07-0.77 

P=0.10b 75% 4 378 very low 

Vomiting Incidence 
Overall vomiting incidence:a 
any dose, any duration 

OR: 0.8,  
95% CI:  
0.44-1.36 

P=0.38 66% 9 825 very low 

Acute vomiting incidence: 
any dose, any duration 

OR: 0.7,  
95% CI:  
0.38-1.24 

P=0.22 57% 7 671 Very low 

Acute vomiting incidence: 
≤1g/day dose, >3 days 
duration 

OR: 0.4;  
95% CI:  
0.17-0.81 

P=0.01 20% 3 301 moderate 

Delayed vomiting incidence:a 
any dose, any duration 

OR: 0.8,  
95% CI:  
0.39-1.79 

P=0.63 76% 7 671 very low 

Secondary Outcomes 
Quality of Life: 
any dose, any duration 

SMD: 0.5,  
95% CI:  
-0.07-1.01 

P=0.09 78% 3 279 low 

Fatigue Incidence: 
any dose, any duration 

OR: 0.5,  
95% CI:  
0.13-1.61 

P=0.22 60% 4 375 very low 

Fatigue Incidence: 
any dose, ≤3-days duration 

OR: 0.2,  
95% CI:  
0.03-0.87 

P=0.03 0%c 2 219 Low 

Adverse Events 
Heartburn incidence: 
any dose, any duration 

OR: 1.9,  
95% CI:  
0.68-5.18 

P=0.22 0% 3 312 low 

Any gastrointestinal, flushing, 
rash-related, or unspecified 
adverse event: 
any dose, any duration 

OR: 2.0,  
95% CI:  
1.39-2.99 

P=0.0003 0% 5 1458 moderate 

a. Subgroup analysis based on the four a priori groups of varied duration and dosage were not 

significantly different from each other. 

b. Sensitivity analysis did not identify a significant effect estimate 

c. Improved with sensitivity analysis 
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Figure 3. The likelihood of acute vomiting was reduced in adults undergoing 

chemotherapy by 60% with ginger supplementation of ≤1g/day for >3-days compared 

to control groups (OR: 0.4, 95% CI: 0.17-0.81; P=0.01; n=3 studies; n=3 interventions; 

n=301 participants; I2=20%; GRADE level: moderate). Short Duration=≤3-days. Long 

Duration=>3-days. Low Dose=≤1g/day. High dose=>1g/day. OR=Odds ratio. 

CI=Confidence Interval. 

Figure 4. The likelihood of fatigue was reduced by 80% with ginger supplementation 

of any dose for <3-days duration compared to control groups (OR: 0.2, 95% CI: 0.03-

0.87; P=0.03; n=1 studies; n=2 interventions; n=219 participants; I2=0%; GRADE level: 

low). Sensitivity analysis: studies which administered intervention for >3 days were 

excluded. OR=Odds ratio. CI=Confidence Interval. 
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Figure 5. The likelihood of any gastrointestinal, flushing, rash-related or unspecified 

adverse event reasonably relatable to the intervention was increased in adults 

undergoing chemotherapy with ginger supplementation of any dose for any duration 

(OR: 2.0, 95% CI: 1.39-2.99; P=0.0003; n=3 studies; n=5 interventions; 1458 

participants; I2=0%; GRADE level: moderate). OR=Odds ratio. CI=Confidence Interval. 

 
DISCUSSION 
 
This systematic review update with meta-analyses provides the most current and 

comprehensive meta-analysis to date exploring the use of ginger for CTx patients. 

Consistent with conclusions made in the previous two systematic reviews on the topic, 

48,49 ginger supplementation in conjunction with standard anti-emetic care could be 

beneficial for CTx-induced vomiting and CINV-related outcomes. Although there is low 

to very low certainty in the estimated effect size, ginger supplementation is suggested 

to have large beneficial effects on likelihood of acute vomiting, as well as small but 

significant improvements on fatigue among individuals receiving CTx. Findings remain 

inconclusive as to whether ginger benefits delayed CTx-induced vomiting, CTx-

induced nausea, and QoL.   

 

Despite most papers that reported on nausea incidence favouring ginger 

supplementation over comparator interventions, 30,38,42,45,46,50 the pooled estimate 

found no association with no statistical heterogeneity (I2=0%), therefore there is some 

confidence in this finding.  However, meta-analyses results in regards to likelihood of 

nausea appear to be skewed by one larger study.36 Therefore, ginger supplementation 

for improvements in nausea incidence cannot yet be disregarded as a treatment option 

due to the substantially large clinical heterogeneity between studies.  
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The non-significant finding which favoured control for nausea severity, particularly for 

delayed nausea severity when administered for ≤3-days, was driven by only two 

studies; 34,42 which were the only studies included in the model after sensitivity analysis. 

Although there was no statistical heterogeneity, there was substantial clinical, as well 

as only a small number of studies included which used a range of un-validated 

outcome evaluation questionnaires.  

 

This review found low confidence that supplementation of ≤1g/day of ginger for >3-

days, starting on Day 1 of CTx reduces likelihood of vomiting by 20-70%; where other 

dosing regimens were found to have no significant association. Uncertainty in regards 

to the ideal ginger dosage is likely due to the clinical heterogeneity. Ginger 

supplementation of ≤1g/day for >3-days potentially reduces likelihood of overall 

vomiting by 50% (OR: 0.5; 95% CI: 0.21-1.13) and delayed vomiting by 70% (OR: 0.3; 

95% CI: 0.10-1.13); however, the results were not significant at p<0.05, likely 

attributable to significant clinical heterogeneity among included studies. The only 

statistically significant finding that ginger administration for >3-days benefited acute 

vomiting is conflicting, as only ginger consumed prior to and within the first 24-hours 

is applicable to acute symptoms (i.e. symptoms within the first 24 hours). This unlikely 

finding is further evidence of the impact of clinical heterogeneity leading to decreased 

confidence in the results, suggesting that until further well-designed studies with 

homogenous or well-controlled samples are available, all results should be considered 

with caution, including those with no statistical heterogeneity.  

 

In terms of dosage frequency, research suggests ginger should be distributed at least 

four times across the day rather than once or twice daily due to ginger’s short 

elimination half-life of ≤2 hours. 51 However, most studies in this review administered 

ginger only once or twice per day, which suggests the effects of ginger may be 

underestimated. Furthermore, the delivery method of ginger administered may also 

affect the half-life. Although the half-life of ginger is short, production of ginger-induced 

intestinal microbiota metabolites may be a suggested mechanism for reducing 

activation of CINV pathways. 17,52,53   

 

This was the first systematic review to explore additional CINV-related outcomes, 

finding that ginger resulted in beneficial effects outside of the direct CINV pathways. 
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A decrease in fatigue was seen with ginger administration, a common and problematic 

symptom otherwise difficult to treat and manage. 54 The decrease may be due to 

ginger’s proposed anti-inflammatory effects, as inflammation is a pathway for fatigue, 

17,20-22 however, none of the included studies examined inflammatory markers. Further 

studies are needed to build confidence in the body of evidence for the effect of ginger 

on other CINV-related outcomes.  

 

Adherence to the intervention was found to be high overall and no different to placebo 

groups, implying that ginger supplementation as an additional medication is feasible 

and does not impose any additional factors which might prevent adherence. Although 

this review found ginger did not cause serious adverse events and therefore could be 

considered safe, it should be noted that there was poor reporting of adverse events in 

most studies as well as a failure to distinguish events reasonably relatable to the 

intervention. Although statistically significant results were obtained to suggest 

likelihood of adverse events is higher among individuals administered ginger, the 

adverse events were mild. Meta-analysis suggested that the likelihood of heartburn, a 

commonly reported side effect of ginger, did not differ between the study groups. 

Mortality, arguably the most serious adverse event, also did not appear to differ 

between study groups in the limited number of studies that reported this event.  

 

Limitations in the literature 

Although a substantial number of new studies were identified in this systematic review 

update, the included studies are clinically heterogeneous, which decreases 

confidence in the results and contributes to the large number analyses which had 

insufficient evidence to reject the null hypothesis. Sources of clinical heterogeneity 

were varying CTx and anti-emetic regimens as well as cancer types and participant 

samples. In addition, substantial clinical heterogeneity was introduced through lack of 

reporting of, or large variations across studies in ginger interventions; specifically, the 

composition of active constituents, dosing frequencies and delivery methods. 

Sensitivity analysis was able to be explored for study quality and overall ginger dosing 

regimens, but other sources of clinical heterogeneity could not be accounted for and 

publication bias was not able to be assessed. Furthermore, this review was limited by 

the small number of available studies that reported the outcomes of interest.   
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Directions for future research 

The results of this systematic review and meta-analysis provide a rationale for further 

research such as that which is currently underway. 55 In line with recommendations 

from the previous systematic review, 48 additional randomized controlled trials with 

adequate sample sizes, standardized ginger products, use of validated outcome 

measures, and full reporting of data would better inform the evidence regarding the 

type of ginger supplement that should be recommended and the most effective dosing 

schedule. Study designs should also measure adverse events potentially relatable to 

the ginger intervention to determine the safety of the intervention. Other CTx-related 

outcomes that are associated with CINV need to be assessed, including anxiety and 

depression, stomach dysrhythmia, and tachygastria or bradygastria. Other factors that 

need evaluation related to overall health include nutrition status, dietary intake, health 

service use, and health care costs. Patients receiving multi-day CTx regimens should 

be included in studies before recommending ginger products to all patients receiving 

CTx. The potential mechanisms of action of ginger having beneficial effects on CINV 

pathways also need investigation. 

 

CONCLUSION 
 
Ginger supplementation can potentially benefit CTx-induced vomiting as well as 

fatigue. Due to clinical heterogeneity, this systematic review update with meta-

analyses found no association between ginger and CTx-induced nausea or other 

CINV-related outcomes. The results of this systematic review and meta-analysis 

provide a rationale for further research using stronger study designs, adequate sample 

sizes, standardized ginger products, and validated outcome measures to confirm 

efficacy of ginger supplementation and optimal dosing regimens.
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ABSTRACT 

Background: There is substantial interest in the role of ginger as an adjuvant therapy 

for chemotherapy-induced nausea and vomiting (CINV). However, available evidence 

lacks robust methodology. 

Aim: To assess the effect of adjuvant ginger compared with placebo on 

chemotherapy-induced nausea-related quality of life (QoL) and CINV-related 

outcomes in adults. 

Methods: This parallel double-blind, placebo-controlled randomized trial with 1:1 

allocation administered four capsules of a standardized ginger formulation (totaling 

84mg/day of active gingerols/shogaols), or placebo, commencing the day of 

chemotherapy and continuing for 5-days for chemotherapy Cycles 1 to 3. The primary 

outcome was chemotherapy-induced nausea-related QoL. Secondary outcomes were 

vomiting- and CINV-related QoL; anticipatory, acute, and delayed nausea and 

vomiting; fatigue; nutritional status; depression and anxiety; health-related QoL; and 

adverse events. Mixed RMANOVA with repeated measures determined differences 

between groups. The null hypothesis was equal differences between groups. After 

applying a Bonferroni multiple testing correction, evidence against the null hypothesis 

was considered at the p value of 0.003. 

 

Results: N=103 participants (ginger: n=52; placebo: n=51) were enrolled and 

analyzed. There was clinically relevant evidence against the null hypothesis, favoring 

ginger, in change scores for nausea-related QoL (F(df)=9.34(1,101), p=0.003, partial 

η2=0.09), overall CINV-related QoL (F(df)=12.26(1,101), p<0.001, partial η2=0.11), 

delayed nausea severity (F(df)=9.46(1,101), p=0.003, partial η2=0.09), and fatigue 

(F(df)=10.11(1,101), p=0.002, partial η2=0.09). There was a clinically meaningful lower 

incidence of delayed nausea and vomiting in the ginger group at Cycles 2 (53% vs. 

75%, p=0.020; 4% vs. 27%, p=0.001, respectively) and 3 (49% vs. 79%, p=0.002; 2% 

vs. 23%, p=0.001, respectively). There was a clinically meaningful lower incidence of 

malnutrition in the ginger group at Cycle 3 (18% vs. 41%, p=0.032) and in change 

scores for PG-SGA (F(df)=4.32(1,100), p=0.040, partial η2=0.04). Change scores 

between groups favored ginger for vomiting-related QoL and number of vomiting 

episodes; however, findings were not clinically meaningful. There was no effect of 



CHAPTER 5.3 The Efficacy of Ginger for Chemotherapy-Induced Nausea and Vomiting: A RCT 
 

189 
 

ginger on anticipatory or acute CINV, health-related QoL, anxiety, nor depression. No 

serious adverse events were reported.  

Conclusions: Standardized ginger supplementation shows promise as a safe and 

feasible adjuvant to standard antiemetic medications for CINV that enhances QoL 

during chemotherapy treatment. However, future trials are needed to examine dose-

dependent responses to verify optimal dosing regimens.  

Registration: This trial was registered with the Australia New Zealand Clinical Trials 

Registry (ACTRN12616000416493p)  

Keywords: ginger, chemotherapy, cancer, RCT, nausea, vomiting, nutraceutical, 

gingerol, supportive care  
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INTRODUCTION  
Chemotherapy-induced nausea and vomiting (CINV) is a highly distressing treatment 

side effect for many people undergoing chemotherapy  [1, 2]. The common symptoms 

of CINV are stomach discomfort, dry retching, vomiting, lack of appetite, dizziness, 

inability to concentrate, and restlessness [2]. CINV can worsen symptoms of cancer-

related fatigue, anxiety, and depression as well as reduce food intake leading to an 

increased risk of malnutrition, which cumulatively compromise quality of life (QoL), 

cancer treatment outcomes, and overall survival [3-6]. Despite ongoing advances in 

antiemetic medications, moderately- to highly-emetogenic chemotherapy results in 

acute (within 24 hours of chemotherapy) and delayed (>24 hours to up to 7-days post-

chemotherapy) CINV in 30-55% and 25-60% of people, respectively [7, 8]. Research 

also suggests that chemotherapy-induced nausea is more common and problematic 

than vomiting, particularly in the delayed phase [7-9]. Due to the persistent prevalence 

of CINV, the use of novel adjuvant interventions, such as ginger supplementation, has 

attracted both research and clinical interest [2, 10, 11]. 

 

Gingerol and shogaol compounds are the primary bioactive compounds within ginger 

and possess inhibitory effects on serotonin (5-HT3), muscarinic, and histaminergic 

receptors involved in nausea and vomiting pathways [12, 13]. Ginger compounds bind 

to different receptor sites than antiemetic medications, suggesting that adjuvant ginger 

has an added benefit to antiemetic regimens [12-14]. Furthermore, ginger regulates 

gastric emptying and gastrointestinal motility that is dysregulated with nausea and 

vomiting as well as reduces the oxidative stress and inflammation that is involved in 

triggering CINV pathways [15, 16]. Recently, the mechanisms of action of ginger are 

understood to extend to beneficial effects on the gut microbiota, where ginger 

positively influences the bacteria involved in the production of neurotransmitters 

involved in CINV pathways [17, 18]. 

 

Clinically, ginger is associated with benefits in managing and preventing CINV and 

related outcomes. The most recent systematic review and meta-analysis [10] of 18 

studies found that ginger supplementation reduced the likelihood of acute vomiting by 

60% and fatigue by 80% when compared to placebo. However, no association was 

found between ginger and the incidence of overall or delayed vomiting, likelihood or 

severity of nausea, or other outcomes related to CINV [10]. The quality of the evidence 
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likely contributes to this, as the studies lacked robust methodology, which provides a 

rationale for randomized controlled trials that clearly specify the type of ginger, 

standardized active constituent composition, dose, frequency, and duration of 

supplementation to confirm efficacy of ginger and optimal dosing regimens [10]. The 

pilot trial (N=53) of the current study [19] addressed the aforementioned study 

limitations and confirmed feasibility of the study design. This pilot study was also the 

first to examine whether the reduction in CINV was associated with an improvement 

in QoL, finding that ginger supplementation, in comparison to placebo, improved 

nausea-related QoL, overall CINV-related QoL, and overall cancer-related QoL [19]. 

Subsequent rigorous trials are required to further validate these results. Therefore, in 

adults undergoing single-day moderately- to highly-emetogenic chemotherapy, this 

trial aimed to assess the effect of a standardized adjuvant ginger root powder 

supplement compared with placebo on chemotherapy-induced nausea-related QoL 

and secondary outcomes of vomiting-related QoL, overall CINV-related QoL, health-

related QoL, incidence and severity of CINV, fatigue, nutrition status, and mental 

health). 

 
METHODS 
The protocol for this multisite, double-blind, placebo-controlled randomized trial with 

two parallel arms is published in detail elsewhere [20]. The methodology was deemed 

feasible with a previous pilot study on 53 participants [19]. This trial was registered 

with the Australia New Zealand Clinical Trials Registry (ACTRN12616000416493p) 

and Therapeutic Goods Administration in Australia (CT-2017-CTN-02280-1 v2). Ethics 

approval was obtained from the Metro South Human Research Ethics Committee 

(reference: HREC/17/QPAH/333), Mater Misericordiae Ltd Human Research Ethics 

Committee (reference: MML/39964), and the Bond University Human Research Ethics 

Committee (reference: 0000016144).  

 

Participant selection 
Eligible participants attending the cancer care units at two metropolitan hospitals in 

Queensland, Australia, were invited to participate via written informed consent from 

October 2017 to December 2019 (Table 1). Participant recruitment continued for the 

full shelf-life duration of two sequential batches of test product. Power calculations 

based on pilot data [19] suggested a sample size of 246 participants was required for 
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the primary outcome and a target sample size of 300 was desirable to ensure 

adequate power for both primary and secondary outcomes, allowing for 30% attrition. 

Post-hoc analysis was conducted to determine the statistical power for the primary 

outcome using Statistical Package for the Social Sciences (SPSS) software [IBM 

SPSS Statistics for Macintosh, Version 28.0.1, 2021]. 

 
Table 1: Participant eligibility criteria (as reported in the protocol paper published 

elsewhere [20]). 

 
Inclusion criteria Exclusion criteria 

• Chemotherapy-
naïve (no prior 
history of 
chemotherapy). 

• Scheduled for 
chemotherapy 
classed as 
moderately- to 
highly-
emetogenic.a 

• Scheduled for 
single or 
combined agent 
single-day 
chemotherapy 
regimen 
repeated in two, 
three, or four-
week cycles.b 

• Aged >18 
years. 

• Adequate 
physical 
function: 
baseline 
Karnofsky score 
> 60. 

• Concurrent radiotherapy. 
• Severe cognitive impairment preventing ability to fully understand the 

purpose of the study, adhere to the intervention, and complete data 
collection forms.  

• Pregnant or lactating women. 
• Concurrent use of other ginger-containing supplements and 

ingestion of any amount of fresh or dried ginger from 24 hours prior 
to chemotherapy to 7-days post-chemotherapy (Cycle 1-3).c 

• History of adverse reactions to ginger. 
• Experiencing significant nausea and vomiting for reasons other than 

chemotherapy including: 
o Prescribed medications with nausea-related side-effects, e.g., 

newly-prescribed opioids. 
o Diagnosed with malignancies that might cause nausea and 

vomiting due to the position of the cancer e.g., gastrointestinal 
cancer. 

o Metabolic risk factors for nausea e.g., electrolyte imbalances. 
o Mechanical risk factors for nausea e.g., intestinal obstruction. 

• Chronic alcohol use as indicated by >14 standard drinks per week 
(exceeding Australian Guidelines to Reduce Health Risks from 
Drinking Alcohol; predictive factor for decreased CIN risk) [21, 22]. 

• Severe thrombocytopenia or likely to experience severe 
thrombocytopenia (platelets <50 x 10^9/L) (medical note 
observation) [23]. 

• Gallstones or liver disease (including liver cancer). 
• Prescribed warfarin, anti-coagulant therapy, hypoglycemics, insulin, 

cyclosporine, tacrolimus, and nonsteroidal anti-inflammatory drugs. 
• Swallowing difficulties preventing supplement ingestion. 
• Self-prescribed nausea therapies or complementary products. 

 
a. Moderate to highly emetogenic chemotherapy regimens informed by the Multinational Association 

of Supportive Care in Cancer (MASCC) and European Society of Medical Oncology (ESMO) 
guideline from the Perugia consensus conference [24] and the most recent American Society of 
Clinical Oncology Antiemetic Guideline Update [25]. 

b. Includes regimens with more than one type of chemotherapy agent delivered in single day doses 
≥7 days apart (e.g., as with AC-T regimens used in the treatment of breast cancer whereby 
cyclophosphamide and doxorubicin are administered on day one of the treatment cycle and 
paclitaxel is administered on days one, eight and fifteen of a 21-day cycle). 



CHAPTER 5.3 The Efficacy of Ginger for Chemotherapy-Induced Nausea and Vomiting: A RCT 
 

193 
 

Randomization and blinding 
Participants were randomized following enrolment with a 1:1 allocation using the 

method of minimization, stratified by chemotherapy emetogenicity (moderate, high), 

sex (male, female), age (<55, ≥55 years), and research site (A, B). An independent 

third party (NHMRC Clinical Trials Centre, University of Sydney) managed the 

randomization process and were not involved in the design or conduct of the study.  

 

All study personnel involved in recruitment, implementation, data collection, and 

analysis were blinded to the group allocation until the final study data were 

collected. Study supplements were over-encapsulated to support blinding of 

participants and were identical in appearance. To evaluate the adequacy of blinding 

procedures, participants were asked for their perceptions of which group they were 

allocated to at the end of each chemotherapy cycle.  

 

Intervention 
The intervention group received non-synthetic standardized ginger root capsules for 

oral consumption, which were manufactured by an independent company that had no 

involvement in the study (Bluebonnet Nutrition Corporation, Texas, United States of 

America; ginger root sourced from India). The 300mg ginger capsules were 

standardized to contain 21mg of bioactive compounds per capsule (5% gingerols and 

2% shogaols), with a total daily dose of 1.2g of ginger root powder containing 84mg of 

active ingredients (64mg gingerols, 20mg shogaols; Supplementary File 1). The 

selected dose and gingerol/shogaol concentration were based on that used in 

pharmacokinetic studies [26,27],  the pilot trial [19], and other previous trials [10] that 

reported significant positive effects and no serious adverse events. High-performance 

liquid chromatography (HPLC) analysis was conducted on the ginger supplements at 

two timepoints during the trial and compared with supplements that had passed their 

expiration date, confirming that the active constituents were stable throughout the 

study period. Placebo capsules contained 150-200mg of microcrystalline cellulose 

filler with no therapeutic agents. 

 

Participants in the ginger and placebo groups were advised to consume one capsule 

four times daily with food where possible. The dosing schedule was based on the 

pharmacokinetics of ginger, particularly the relatively short biological half-life of 1.5-3 
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hours [26,27]. Supplementation begun on the day of chemotherapy before 

chemotherapy administration and continued for four days post-chemotherapy (i.e., a 

total of five days, from Day 1 to Day 5) during Cycle 1, repeated for Cycles 2, and 3. 

Participants were advised to continue their usual diet; however, were also advised to 

consume no fresh ginger or ginger-containing products in any amount for the duration 

of the study. There were no restrictions on prescribed antiemetics during the trial. 

 
Outcomes 
Group allocation (standardized ginger regiment versus placebo) was the independent 

variable, and chemotherapy-induced nausea-related QoL was the primary outcome. 

Secondary outcomes were vomiting-related QoL, overall CINV-related QoL, health-

related QoL, nausea incidence and severity, vomiting incidence and number of 

episodes, fatigue, nutrition status, anxiety, and depression. Participant adherence to 

the study protocol, attrition, and adverse events were measured to evaluate feasibility 

and safety. Participant characteristics and potentially confounding variables were risk 

factors for CINV (age, sex, chemotherapy emetogenicity, antiemetic regimen, history 

of motion and morning sickness, alcohol intake, cancer stage (presence of 

metastases) and research site [28, 29].  

 

Data collection 
Participant characteristics were assessed at baseline (T0; prior to chemotherapy). 

Valid and reliable tools for use in people with cancer measured primary and secondary 

outcomes one day prior to chemotherapy (T1), 12-24 hours after chemotherapy (T2), 

four days after chemotherapy (T3), and 5-8 days after chemotherapy (T4). Timepoints 

1-4 were repeated for three chemotherapy cycles (Cycles 1-3). Data were collected in 

person or via telephone consultation with the research assistant or via a participant 

booklet.  

 

Chemotherapy-induced nausea and vomiting-related quality of life 

The Functional Living Index Emesis 5 Day Recall (FLIE-5DR) [30] measured the 

primary outcome of chemotherapy-induced nausea-related QoL at T1 (one day prior 

to chemotherapy) and T3 (5-8 days after chemotherapy). The primary outcome of 

nausea-related QoL was chosen due to the higher prevalence and burden of 

chemotherapy-induced nausea in comparison to vomiting reported elsewhere [7, 8], 
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and for consistency with the study protocol publication [20] and pilot study [19]. The 

FLIE-5DR also measured secondary outcomes of CINV-related QoL and vomiting-

related QoL and represented the impact of CINV on participants’ activities of daily 

living. Higher scores indicated less hardship and less impact of nausea and/or 

vomiting. No minimal clinically important difference was determined; however, using 

the parameters specified by Martin et al. [31], no impact on QoL was defined as a 

nausea/vomiting subscale score of ≥54 (score range: 9-63) or total CINV score of ≥108 

(score range: 18-126) [30]. Supplementary File 2 presents additional information on 

outcome assessment tools.   

 

Additional secondary outcomes 

The Multinational Association of Supportive Care in Cancer Anti-emesis (MAT) tool 

[32] measured nausea and vomiting symptoms (nausea incidence and severity, 

vomiting incidence and number of episodes). The MAT was administered at T1 (one 

day prior to chemotherapy) to capture anticipatory nausea and vomiting (used as 

baseline measures), T2 (12-24 hours after chemotherapy) to capture acute CINV, and 

at T3 (four days after chemotherapy) to capture delayed CINV. No minimal clinically 

important difference was established; however, using parameters defined by Gilmore 

et al. [33], clinically significant nausea was considered as a severity score of ≥3 (score 

range: 0-10), whereby higher scores indicated worse symptoms [32].  

 

The EQ-5D-5L [34] measured health-related QoL at T1 (one day prior to 

chemotherapy) and T3 (four days after chemotherapy). Higher total global wellbeing 

scores indicated poorer QoL (score range: 5-25). Participants also rated their health 

on a visual analogue scale (VAS) ranging from 0 (worst health imaginable) to 100 (best 

health imaginable) [34]. The minimal clinically important difference in people with 

cancer has been predicted as 0.1 point for global wellbeing scores and 7 points for 

VAS rating [35, 36].  

 

The Functional Assessment of Chronic Illness Therapy Fatigue Scale (FACIT-F) [37, 

38] measured cancer-related fatigue and its impact upon activities of daily living at T2 

(12-24 hours after chemotherapy) and T4 (5-8 days after chemotherapy). Lower 

scores indicated more severe fatigue and clinically significant fatigue was classified as 
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a score of ≤34 (score range: 0-52) [37, 38]. The minimal clinically important difference 

in people with cancer has been predicted as 3.0 points [39]. 

 

The validated Patient-Generated Subjective Global Assessment (PG-SGA) [40] 

measured nutrition status on the day of chemotherapy. Scores generated a numerical 

score and a global rating of A (well nourished), B (clinically significant suspected or 

moderate malnutrition), or C (clinically significant severe malnutrition) [40]. A total 

numerical score was also calculated, whereby higher scores indicated more severe 

malnutrition and more critical need for nutrition intervention (score of 0-1: no need for 

intervention; 2-3: education; 4-8: dietitian referral; 9-35: critical need for nutrition 

intervention) [40]. The minimal clinically important difference has been predicted as a 

3-point change in PG-SGA score [41]. 

 

The Hospital Anxiety and Depression Scale (HADS) [42] assessed anxiety and 

depression at T2 (12-24 hours after chemotherapy). Higher scores indicated worst 

symptoms and a score of ≥11 (score range: 0-21) represented clinically significant 

abnormal anxiety or depression [42]. The minimal clinically important difference has 

been predicted as 1.7 points [43]. 

 

Participant adherence 

Collection of the supplement containers at the end of the study to count the number of 

unused supplements indicated adherence to the supplement regimen. Consumption 

of ginger and ginger-containing products was recorded in participant diaries at each 

timepoint. 

 

Adverse events 

Adverse events were monitored by observation of medical records as well as 

discussion with participants. Adverse events were classified according to the National 

Institute of Health Adverse Event and Serious Adverse Event Guidelines [44] and rated 

in terms of severity (mild, moderate, severe), expectedness (unexpected, expected), 

and relatedness to the study procedures (definitely related, possibly related, not 

related).  

 

Data analysis 
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Intention-to-treat analysis was conducted using multiple imputation for missing data 

with SPSS software [IBM SPSS Statistics for Macintosh, Version 28.0.1, 2021]. 

Parametric data were described as means and standard deviations and non-

parametric data were presented as medians and 25th and 75th percentiles. After 

applying a Bonferroni multiple testing correction based on a total of 16 outcomes, 

statistical significance was considered at the p value of 0.003.  

 

The primary outcome was analyzed by comparing the difference in nausea-related 

QoL change scores between ginger and placebo groups from T1 (12-24 hours after 

chemotherapy) to T3 (5-8 days after chemotherapy). Differences in secondary 

outcome change scores between groups were assessed from T1 to T3 (vomiting-

related QoL, overall CINV-related QoL, health-related QoL, delayed nausea severity 

and vomiting episodes, fatigue) and T1 to T2 (12-24 hours after chemotherapy; acute 

nausea severity and vomiting episodes). The difference between groups in anxiety 

and depression scores at T2 and PG-SGA score at T1 were also assessed. Mixed 

analysis of variance with repeated measures (RMANOVA) was used to determine the 

main group effect, main time effect, and interaction effect between group and time 

(over the three chemotherapy cycles), whereby the null hypothesis was equal 

differences between groups. Post hoc pairwise t-test comparisons determined the 

effect at each Cycle, whereby p-values were adjusted using the Bonferroni multiple 

testing correction method. Partial eta squared (partial η2) was the effect size used to 

estimate analysis of variance, whereby 0.01 represented a small effect, 0.06 a medium 

effect, and 0.14 a large effect [45]. Potentially confounding variables of sex, age, 

research site, alcohol intake, history of morning or motion sickness, and chemotherapy 

emetogenicity were considered for the inclusion in the RMANOVA model.  

 

The difference in nausea, vomiting, and malnutrition incidence between ginger and 

placebo groups at T1, T2, and T3 was assessed using chi-square tests at each 

chemotherapy cycle, whereby the null hypothesis was equal differences between 

groups. Cramer’s V was used as the measure of effect size, whereby 0.1 represented 

a small effect, 0.3 a medium effect, and 0.5 a large effect [45].  
 
RESULTS 
Participant selection and characteristics 
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A total of 103 participants were enrolled in the study. Due to lower than anticipated 

recruitment rates, the study did not reach the target sample size; however, post-hoc 

power calculation of the main effect for group for the primary outcome found that the 

study was 94% powered, suggesting that the achieved sample size was adequate to 

test for evidence against the null hypothesis.  

 

Of the 103 participants, 70 (68%) completed all three chemotherapy cycles (Figure 1). 

Most participants were female (68%), had a primary cancer diagnosis of breast cancer 

(43%), lung cancer (18%), or lymphoma (17%), were scheduled to undergo 

moderately emetogenic chemotherapy (60%), and were prescribed antiemetic 

medications (100%; Table 2). The two study groups were mostly comparable; 

however, compared to placebo, more participants in the ginger group had a history of 

moderate to severe motion sickness (72% vs. 39%) and history of a previous cancer 

diagnosis (18% vs. 6%).  
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) Flow Diagram 

outlining selection and flow of participants. 

Table 2. Baseline characteristics of participants enrolled.  
 Total 

N=103 
Ginger 
Group 
N=51 

Placebo 
Group 
N=52 

Age (mean ± SD, years) 59 ± 8 59 ± 8 58 ± 9 
Gender (n, % female) 70 (68%) 36 (71%) 34 (65%) 
Research site 
- Site A 
- Site B 

 
85 (83%) 
18 (17%) 

 
43 (84%)  
8 (16%) 

 
42 (81%) 
10 (19%)  

Place of birth (n, %) 
- Oceania 
- Europe 
- Asia 
- Africa 

 
79 (77%) 
18 (17%) 
4 (4%) 
2 (2%) 

 
40 (78%) 
7 (14%) 
3 (6%) 
1 (2%) 

 
39 (75%) 
11 (21%) 
1 (2%) 
1 (2%) 

English as first language (n, % yes) 98 (95%) 48 (94%) 50 (96%) 
Highest level of education 
- Primary 
- Secondary 
- Tertiary 
- Trade 

 
9 (9%) 
54 (52%) 
21 (20%) 
19 (19%) 

 
5 (9%) 
27 (53%) 
10 (20%) 
9 (18%) 

 
4 (8%) 
27 (52%) 
11 (21%) 
10 (19%) 

Previous cancer diagnosis (n, % yes) 12 (12%) 9 (18%) 3 (6%) 
Primary diagnoses (n, %) 
- Breast 
- Lymphoma 
- Digestive 
- Lung 
- Urogenital 
- Gynecological 
- Other 

 
44 (43%) 
18 (17%) 
5 (5%) 
19 (18%) 
5 (5%) 
5 (5%) 
7 (7%) 

 
25 (49%) 
9 (18%) 
0 (0%) 
8 (16%) 
1 (2%) 
3 (6%) 
5 (9%) 

 
19 (36%) 
9 (17%) 
5 (10%) 
11 (21%) 
4 (8%) 
2 (4%) 
2 (4%) 

Metastases (n, % yes) 27 (26%) 12 (24%) 15 (29%) 
Chemotherapy emetogenicity (n, %) 
- Moderate 
- High 

 
62 (60%) 
41 (40%) 

 
32 (63%) 
19 (37%) 

 
30 (58%) 
22 (42%) 

Alcohol use (n, %) 
- None 
- 1-4 standard drinks per week 
- 5-8 standard drinks per week 
- 9-14 standard drinks per week 

 
31 (30%) 
45 (44%) 
19 (18%) 
8 (8%) 

 
12 (24%) 
25 (48%) 
11 (22%) 
3 (6%) 

 
19 (37%) 
20 (38%) 
8 (15%) 
5 (10%) 

History of motion sickness (n, %) 
- Strong or severe 
- Moderate 
- Mild 
- None 

 
17 (17%) 
40 (39%) 
22 (21%) 
24 (23%) 

 
11 (22%) 
26 (50%) 
5 (10%) 
9 (18%) 

 
6 (12%) 
14 (27%) 
17 (32%) 
15 (29%) 

History of morning sickness (n, %) 
- Strong or severe 
- Moderate 
- Mild 
- None 
- Not applicable 

 
5 (5%) 
34 (33%) 
22 (21%) 
9 (9%) 
33 (32%) 

 
0 (0%) 
17 (33%) 
14 (27%)   
5 (10%) 
15 (30%) 

 
5 (10%) 
17 (33%) 
8 (15%) 
4 (8%) 
18 (34%) 

Antiemetics prescribed at baseline (n, %) 
-  5-HT3 RA & steroid 

 
2 (2%)  

 
1 (2%) 

 
1 (2%) 
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-  5-HT3 RA & steroid & rescue D2 RA 
-  D2 RA & steroid 
-  5-HT3 RA & NK1 RA & steroid & rescue D2 RA 
-  5-HT3 RA & NK1 RA & steroid 
-  D2 RA 
-  NK1 RA & steroid & rescue D2 RA 

11 (11%) 
26 (25%) 
48 (46%) 
5 (5%) 
10 (10%) 
1 (1%) 

6 (12%) 
8 (16%) 
24 (46%) 
4 (8%) 
8 (16%) 
0 (0%) 

5 (10%) 
18 (35%) 
24 (46%) 
1 (2%) 
2 (4%) 
1 (2%) 

5-HT3 RA: serotonin (5-HT3) receptor antagonist; D2 RA: dopamine receptor antagonist; NK1 RA: 

neurokinin-1 receptor antagonist; N: number; SD: standard deviation. 

 
Chemotherapy-induced nausea and vomiting-related quality of life 
There was evidence against the null hypothesis for the main effect for group for 

nausea-related QoL (partial η2: 0.09 (medium effect); p=0.003; Table 3), vomiting-

related QoL (partial η2: 0.09 (medium effect); p=0.002), and overall CINV-related QoL 

(partial η2: 0.11 (medium effect); p<0.001); a main effect for time for nausea-related 

QoL (partial η2: 0.07 (medium effect); p<0.001); and an interaction effect between 

group and time for vomiting-related QoL (partial η2: 0.08 (medium effect); p<0.001). 

 

There was evidence against the null hypothesis for ginger being associated with less 

decline in vomiting-related QoL and overall CINV-related QoL after Cycles 2 and 3, 

and nausea-related QoL at Cycle 2 only. However, a clinically meaningful effect was 

found for ginger supplementation improving nausea-related QoL and overall CINV-

related QoL at all cycles. Clinical significance was evident by mean post-intervention 

scores representing no impact of nausea or overall CINV on QoL in the ginger group 

(nausea-QoL score ≥54; CINV-QoL score ≥108), yet substantial impact on QoL in the 

placebo group (nausea-QoL score <54; CINV-QoL score <108). No confounding 

variables met assumptions for inclusion in the RMANOVA model.  

 

Nausea and vomiting symptoms 
Anticipatory nausea occurred in 8% of all participants; there were no differences 

between groups (Cycle 1: ginger: 8%, placebo: 8%; Cycle 2: ginger: 12%, placebo: 

4%; Cycle 3: ginger: 8%, placebo: 2%). There were no differences between groups in 

anticipatory nausea severity at any cycle (Table 3) and no anticipatory vomiting 

reported at any cycle. Acute nausea and vomiting occurred in 43% and 1% of all 

participants, and delayed nausea and vomiting occurred in 64% and 16% of all 

participants, respectively.  
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In the ginger group compared to placebo group, there was a 22% lower incidence of 

delayed nausea at Cycle 2 (Cramer’s V: 0.5 (large effect); p=0.020; Table 4) and 30% 

lower incidence at Cycle 3 (Cramer’s V: 0.7 (large effect); p=0.002). Although only the 

effect at Cycle 3 was statistically significant after adjusting p values, both were 

considered clinically meaningful by the investigators. Delayed nausea incidence at 

Cycles 2 and 3 did not differ between participants with history of moderate to severe 

motion sickness and none to mild motion sickness in either group. 

 

There was a main effect for group for delayed nausea severity (partial η2: 0.09 

(medium effect); p=0.003; Table 3). Evidence against the null hypothesis was found 

at Cycle 2 only (partial η2: 0.09 (medium effect); p=0.002); however, the lower severity 

of delayed nausea in the ginger group at all cycles was clinically meaningful, indicated 

by mean post-intervention severity scores representing clinically significant nausea 

(severity score ≥3) only in the placebo group.  

 

At Cycles 2 and 3, there was a 22-23% lower incidence of delayed vomiting in the 

ginger group compared to placebo group (partial η2: 0.07 (medium effect); p=0.001), 

which was considered clinically meaningful by investigators. Delayed vomiting 

incidence at Cycles 2 and 3 did not differ between participants with history of moderate 

to severe motion sickness and none to mild motion sickness in either group. 

 

For number of delayed vomiting episodes, there was a main effect for group (partial 

η2: 0.08 (medium effect); p=0.003) and time (partial η2: 0.22 (large effect); p<0.001), 

as well as an interaction effect between group and time (partial η2: 0.11 (medium 

effect); p<0.001). Ginger was associated with less delayed vomiting episodes at 

Cycles 2 (partial η2: 0.10 (medium effect; p=0.001) and Cycle 3 (partial η2: 0.09 

(medium effect); p=0.002). Despite medium effect sizes, the number of vomiting 

episodes was low in each group and thus this finding was not considered clinically 

meaningful. 

 

No confounding variables met assumptions for inclusion in the RMANOVA models 

assessing nausea and vomiting symptoms. There was insufficient evidence against 

the null hypothesis and no clinically meaningful findings for the effect of ginger on 

acute nausea and vomiting (p>0.003).  
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Table 3. Findings from mixed analysis of variance (RMANOVA) with repeated measures examining the effect of ginger 

supplementation (n=51) compared to placebo (n=52) on quality of life, nausea severity, vomiting episodes, fatigue, anxiety, 

depression, and nutrition status.  
 

 Cycle 1 Cycle 2 Cycle 3 

 

Within Groups Between groups Within Groups  Between groups  Within Groups Between groups 
Pre 

mean 
(SD) 

Post 
mean 
(SD) 

Within Group 
MD (95% CI) 

Between 
group MD 
(95% CI) 

p η2 p 
Pre 

Mean 
(SD) 

Post 
Mean 
(SD) 

Within Group 
MD (95% CI) 

Between 
group MD 
(95% CI) 

p η2 p 
Pre 

Mean 
(SD) 

Post 
Mean 
(SD) 

Within Group 
MD (95% CI) 

Between 
group MD 
(95% CI) 

p η2 p 

QoL 
Nausea-related QoL 

Placebo 60.11 
(8.17) 

48.62 
(12.73) 

-11.50  
(-14.14, -8.58) 4.98  

(0.84, 9.13) .05 .019 

60.53 
(4.44) 

44.72 
(14.18) 

-15.82  
(-18.99, -12.64) 7.17  

(2.65, 11.69) .09 .002 

59.37 
(6.99) 

45.18 
(14.42) 

-14.19  
(-17.39, -10.99) 6.25  

(1.70, 10.80) .07 .008 
Ginger 61.12 

(3.98) 
54.61 

(10.33) 
-6.51  

(-9.46, -3.57) 
61.18 
(2.64) 

52.54 
(10.54) 

-8.65  
(-11.86, -5.44) 

60.75 
(3.52) 

52.81 
(10.88) 

-7.94  
(-11.17, -4.71) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2  p 

Time x group 
F (df) p η2  p 

9.34 (1, 101) .09 .003 7.81 (2, 182) .07 <.001 0.88 (2, 182) .01 .405 
Vomiting-related QoL 

Placebo 63.00 
(0.00) 

57.68 
(8.95) 

-5.32 
(-7.17, -3.46) 3.44  

(0.81, 6.1) .06 .011 

62.98 
(0.07) 

56.23 
(9.58) 

-6.75 
(-8.78, -4.72) 4.43  

(1.54, 7.31) .08 .003 

62.15 
(1.21) 

54.89 
(12.01) 

-7.26 
(-9.72, -4.80) 6.13  

(2.63, 9.63) .11 <.001 
Ginger 

63.00 
(0.00) 

61.13 
(3.21) 

-1.87 
(-3.75, 0.00) 

62.94 
(0.28) 

60.62 
(4.09) 

-2.32 
(-4.38, -0.27) 

61.80 
(2.95) 

60.66 
(3.70) 

-1.13 
(-3.62, 1.35) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

9.96 (1, 101) .09 .001 4.14 (2, 192) .04 .019 8.39 (2, 192) .08 <.001 
CINV-related QoL 

Placebo 123.11 
(8.17) 

104.87 
(19.26) 

-18.25 
(-22.47, -14.03) 8.64 

(2.64, 14.64) 
.08 .005 

123.43 
(4.47) 

100.95 
(20.71) 

-22.49  
(-27.10, -17.88) 11.57  

(5.02, 18.13) 
.11 <.001 

121.49 
(7.34) 

100.06 
(24.79) 

-21.43  
(-26.63, -16.24) 12.40  

(5.02, 19.79) 
.10 .001 

Ginger 124.11 
(3.98) 

114.50 
(13.12) 

-9.61 
(-13.87, -5.34) 

124.05 
(2.72) 

113.14 
(13.33) 

-10.92 (-15.58, -
6.26) 

122.50 
(5.59) 

113.57
(13.43) 

-9.03  
(-14.28, -3.78) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

12.26 (1, 101) .11 <.001 5.35 (2, 202) .05 .007 3.42 (2, 202) .03 .035 
Health-related QoL rating (VAS) 

Placebo 
75.75 

(16.03) 
68.20 

(15.76) 
-7.54  

(-11.54, -3.54) 4.32  
(-1.37, 10.00) 

.02 .135 

72.37 
(16.19) 

64.83 
(19.30) 

-7.54  
(-11.21, -3.87) 0.98  

(-4.24, 6.20) 
.00 .709 

72.71 
(16.47) 

66.63 
(19.11) 

-6.08  
(-9.07, -3.09) -1.04  

(-5.29, 3.21) 
.00 .630 

Ginger 77.65 
(15.76) 

74.43 
(15.98) 

-3.22  
(-7.26, 0.82) 

82.07 
(13.55) 

75.52 
(16.32) 

-6.55  
(-10.26, -2.85) 

83.66 
(12.28) 

76.54 
(14.08) 

-7.12  
(-10.14, -4.10) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

0.53 (1, 101) .01 .470 0.72 (2, 168) .01 .462 1.79 (2, 168) .02 .177 
Health-related QoL score 
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Placebo 6.1 
(2.40) 

8.50 
(2.34) 

1.99  
(1.39, 2.58) -9.10  

(-1.76, -0.07) .04 .035 

7.28 
(1.47) 

8.55 
(2.91) 

1.27  
(0.62, 1.91) 0.47  

(-0.45, 1.39) .01 .311 

7.23 
(1.37) 

8.86 
(2.76) 

1.62  
(1.06, 2.19) 0.06  

(-0.75, 0.86) .00 .884 
Ginger 

6.53 
(1.69) 

7.60 
(1.97) 

1.08  
(0.47, 1.68) 

6.27 
(1.40) 

8.01 
(2.05) 

1.74  
(1.08, 2.39) 

6.18 
(1.13) 

7.86 
(2.05) 

1.68  
(1.11, 2.25) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

0.14 (1, 101) .00 .708 0.23 (2, 158) .00 .741 4.47 (2, 158) .04 .020 
Acute CINV 
Acute nausea severity 

Placebo 0.34 
(0.72) 

2.18 
(2.56) 

1.84  
(1.21, 2.47) -0.10  

(-1.00, 0.79) .00 .817 

0.57 
(1.02) 

1.96 
(1.96) 

1.34  
(0.97, 1.81) -0.01  

(-0.61, 0.59) .00 .979 

0.48 
(1.04) 

1.88 
(1.97) 

1.40  
(1.00, 1.81) -0.18  

(-0.76, 0.40) .00 .548 
Ginger 

0.50 
(1.20) 

2.24 
(2.33) 

1.74  
(1.10, 2.37) 

0.48 
(0.74) 

1.87 
(1.91) 

1.38  
(0.94, 1.81) 

0.43 
(0.62) 

1.66 
(1.62) 

1.23  
(0.82, 1.64) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

0.10 (1, 101) .001 .753 5.20 (1, 149) 0.05 .013 0.14 (1, 149) .00 .803 
Delayed CINV 
Delayed nausea severity 

Placebo 
0.34 

(0.72) 
3.05 

(2.52) 
2.71  

(2.13, 3.29) -1.16  
(-1.99, -0.34) 

.07 .006 

0.57 
(1.02) 

3.53 
(2.52) 

2.96  
(2.41, 3.51) -1.24  

(-2.03, -0.46) 
.09 .002 

0.48 
(1.04) 

3.17 
(2.52) 

2.69  
(2.11, 3.27) -1.00  

(-1.83, -0.18) 
.05 .018 

Ginger 
0.50 

(1.20) 
2.05 

(2.06) 
1.55  

(0.96, 2.13) 
0.48 

(0.74) 
2.20 

(2.05) 
1.71  

(1.16, 2.27) 
0.43 

(0.62) 
2.11 

(2.07) 
1.69  

(1.10, 2.27) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

9.46 (1, 101) .09 .003 0.99 (2, 238) .01 .353 0.33 (1, 238) .00 .656 
Delayed vomiting episodes 

Placebo 
0.00 

(0.00) 
0.43 

(0.82) 
0.43  

(0.24, 0.62) -0.15  
(-0.42, 0.13) 

.01 .285 

0.00 
(0.00) 

1.33 
(1.70) 

1.34  
(0.97, 1.70) -0.86  

(-1.37, 0.35) 
.10 .001 

0.00 
(0.00) 

1.48 
(2.06) 

1.48  
(1.01, 1.90) -0.99  

(-1.59, -0.38) 
.09 .002 

Ginger 0.00 
(0.00) 

0.28 
(0.55) 

0.28  
(0.09, 0.48) 

0.00 
(0.00) 

0.48 
(0.73) 

0.48  
(0.11, 0.84) 

0.00 
(0.00) 

0.49 
(0.71) 

0.49  
(0.06, 0.92) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

9.14 (1, 101) .08 .003 27.68 (1, 130) .22 <.001 12.14 (1, 130) .11 <.001 
Physical and psychological outcomes 
Fatigue 

Placebo 
35.96 

(11.35) 
26.35 

(10.63) 
-9.60  

(-11.87, -7.34) -7.68  
(-10.89,  
-4.46) 

.18 <.001 

29.88 
(12.48 

26.67 
(13.49) 

-3.20  
(-4.92, -1.49) -0.02  

(-2.46, 2.41) 
.00 .985 

30.67 
(11.71) 

26.35 
(11.85) 

-4.32  
(-5.96, -2.69) -2.26  

(-4.58, 0.06) 
.04 .028 

Ginger 36.35 
(10.38) 

34.42 
(11.22) 

-1.93  
(-4.21, 0.35) 

36.06 
(9.17) 

32.88 
(11.01) 

-3.18  
(-4.91, -1.45) 

34.53 
(10.15) 

32.46 
(11.89) 

-2.07  
(-3.72, -0.42) 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

10.11 (1, 101) .09 .002 7.91 (2, 163) .07 .001 13.87 (2, 163) .12 <.001 
Anxiety 

Placebo - 5.14 
(3.31) - 

-0.84  
(-2.05, 0.37) .02 .171 

- 4.79 
(3.66) - 

-0.28  
(-1.59, 1.03) .00 .674 

- 5.41 
(4.28) - 

-0.63  
(-2.15, 0.89) .01 .764 

Ginger - 4.30 
(2.87) 

- - 4.51 
(3.00) 

- - 4.78 
(3.41) 

- 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

0.83 (1, 101) .01 .364 2.88 (2, 172) .03 .067 1.02 (2, 172) .01 .352 
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Depression 

Placebo - 3.78 
(3.11) - 

0.16  
(-0.97, 1.28) .00 .784 

- 5.44 
(4.14) - 

-1.17  
(-2.60, 0.25) .03 .105 

- 5.66 
(4.28) - 

-0.69  
(-2.22, 0.85) .01 .377 

Ginger - 3.94 
(2.61) 

- - 4.26 
(3.05) 

- - 4.97 
(3.53) 

- 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

0.79 (1, 101) .008 .377 21.84 (2, 153) .18 <.001 4.49 (2, 153) .04 .021 
Nutrition status score 

Placebo - 3.94 
(5.53) - 

-0.43  
(-1.65, 0.78) .01 .483 

- 5.56 
(4.78) - 

-1.50  
(-3.23, 0.23) .03 .088 

- 6.73 
(5.53) - 

-2.59  
(-4.53, -0.66) .07 .009 

Ginger - 
3.51 

(3.09) - - 
4.06 

(4.46) - - 
4.14 

(4.27) - 

RMANOVA Group 
F (df) p η2 p 

Time 
F (df) p η2 p 

Time x group 
F (df) p η2 p 

4.32 (1, 100) .04 .040 12.29 (2, 153) .11 <.001 4.72 (2, 151) .05 .018 
 
CINV: chemotherapy-induced nausea and vomiting; n: number; group: between group effect; MD: mean difference; p η2: partial eta squared; QoL: quality of 
life; SD: standard deviation; time: time effect; time x group: interaction effect for group and time; VAS: visual analogue scale.  
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Table 4. Effect of ginger supplementation compared to placebo on incidence of nausea, vomiting, and malnutrition. 

Outcome Cycle 1 Cycle 2 Cycle 3 
 Placebo 

n=52 
Ginger 
n=51 

V p Placebo 
n=52 

Ginger 
n=51 

V p Placebo 
n=52 

Ginger 
n=51 

V p 

Acute CINV 
Nausea Incidence 19 (37%) 24 (47%) 0.2 0.279 22 (42%) 22 (43%) 0.0 0.932 20 (38%) 19 (37%) 0.0 0.900 
Delayed CINV 
Nausea Incidence 29 (56%) 25 (49%) 0.1 0.493 39 (75%) 27 (53%) 0.5 0.020 41 (79%) 25 (49%) 0.7 0.002 
Vomiting 
Incidence 

3 (6%) 2 (4%) 0.1 0.662 14 (27%) 2 (4%) 0.7 0.001 12 (23%) 1 (2%) 0.7 0.001 

Nutrition status 
- Well-

nourished  
- Mod malnn 
- Severe maln 

 
39 (77%) 
12 (23%) 
0 (0)% 

 
41 (80%) 
10 (20%) 
0 (0%) 

0.1 0.630 

 
29 (56%) 
21 (40%) 

2 (4%) 

 
38 (74%) 
12 (24%) 

1 (2%) 

0.133 0.2 

 
31 (59%) 
17 (33%) 

4 (8%) 

 
42 (82%) 
8 (16%) 
1 (2%) 

0.3 0.032 

 

CINV: chemotherapy-induced nausea and vomiting; maln: malnutrition; mod: moderate; n: number; V: Cramer’s V (0.1: small effect; 0.4: medium effect; 0.5: 
large effect). Incidence is represented as counts (and percentages).  
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Effect of intervention versus placebo on secondary outcomes 
 

Clinically significant fatigue occurred in 68% of all participants (69% with metastases 

and 66% without metastases). There was a main effect for group (partial η2: 0.09 

(medium effect); p=0.002), time (partial η2: 0.07 (medium effect); p=0.001) as well as 

interaction effect between group and time for fatigue (partial η2: 0.12 (medium effect); 

p<0.001). There was evidence against the null hypothesis for ginger being associated 

with less change in fatigue following chemotherapy at Cycle 1 only (partial η2: 0.18 

(large effect); p<0.001), which was considered clinically meaningful (>3 point 

difference in mean difference between groups).  

 

A total of 37% of all participants were malnourished at one or more timepoints 

throughout the study period (32% moderately malnourished, 5% severely 

malnourished). The 23% lower incidence of malnutrition observed in the ginger group 

compared to the placebo group at Cycle 3 was not statistically significant after 

adjusting p values (Cramer’s V: 0.3 (small effect); p=0.032; Table 3), but was 

considered clinically meaningful by the investigators. There was a main effect for time 

for PG-SGA score (partial η2: 0.11 (medium effect); p<0.001; Table 4). Compared to 

placebo, ginger was associated with clinically meaningful lower PG-SGA scores at 

Cycle 3; however, this was not statistically significant after adjusting p values (partial 

η2: 0.07 (medium effect); p=0.009). 

 

No confounding variables met assumptions for inclusion in the RMANOVA models 

assessing fatigue and nutrition status. There was insufficient evidence against the null 

hypothesis and no clinically meaningful findings for the effect on health-related QoL, 

anxiety, and depression (p>0.003). 

 

Participant blinding and compliance  
A greater number of participants in the ginger group correctly identified their group 

allocation compared to those in the placebo group (34% vs. 11%, p=0.013). All 

participants who completed the intervention consumed at least 84% of the study 

supplements and 79% of all participants consumed at least three of the four capsules 

per day (ginger group: 73%; placebo group: 85%). A total of 92% of all participants 
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were adherent to consuming no additional ginger or ginger-containing products for the 

duration of the study (ginger group: 88%; placebo group: 96%; p=0.124).  

 
Adverse events 
There were no reported serious adverse events that were possibly or directly related 

to the intervention. There were 19 mild adverse events and one moderate adverse 

event possibly related to the intervention (ginger group: n=13; placebo group: n=7). 

This included reflux (n=10), constipation (n=5), diarrhea (n=2), and abdominal pain 

(n=3). The most prevalent adverse event possibly related to the intervention was reflux 

with or without heartburn, reported by 10% of all participants (ginger group: 18%, 

placebo group: 2%), which was mostly infrequent but in one case from the ginger 

group led to study withdrawal (Supplementary File 3). 

 

DISCUSSION 
The findings suggest that adjuvant ginger is associated with clinically relevant 

improvements in nausea-related QoL, overall CINV-related QoL, incidence and 

severity of delayed nausea, incidence of delayed vomiting, fatigue, and malnutrition. 

With the exception of fatigue that showed benefit only at Cycle 1, all improvements in 

outcomes were mostly seen in later chemotherapy cycles (Cycle 2 and/or 3). Ginger 

was also associated with improvements in vomiting-related QoL and number of 

delayed vomiting episodes; however, these findings were not clinically meaningful. 

Minimal clinically important differences are not defined for nausea and vomiting 

incidence, number of vomiting episodes, and malnutrition; therefore, professional 

judgements were made by the investigators regarding clinical relevance of these 

outcomes. There was insufficient evidence against the null hypothesis for the effect of 

ginger on anticipatory or acute CINV, health-related QoL, anxiety and depression; and 

potentially confounding variables did not influence results. Ginger appeared safe for 

use with no serious adverse events related to the intervention.  

 

This study and its previous pilot [19] are the only trials that have examined whether 

ginger-mediated improvements in CINV are associated with improved QoL. Unlike the 

pilot study [19], this randomized controlled trial found larger effect sizes for the positive 

effect of ginger on the primary outcome of nausea-related QoL. Evidence against the 

null hypothesis supporting the positive effect of ginger on QoL confirms the clinical 
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importance, with optimized QoL often more highly valued by people with cancer than 

improved treatment outcomes or survival [46]. However, future well-powered trials 

measuring both CINV- and health-related QoL are needed to confirm these findings 

and gain a valid understanding of the widespread impacts of improved CINV on daily 

living. The clinically meaningful finding that ginger was positively associated with 

reduced cancer-related fatigue was consistent with previous systematic review 

findings [10] and pilot data [19].  

 

Similar to existing literature, incidence of fatigue among this study population was high 

(70%) and further research is warranted to confirm ginger as a promising intervention 

to assist in the management of this common, debilitating, and difficult to treat side-

effect [47, 48]. Mechanisms of cancer-related fatigue are multifactorial and complex, 

with numerous pathways having the potential to be influenced by ginger [48]. 

Convincing evidence exists for the anti-inflammatory properties of ginger [16], which 

might benefit fatigue as inflammation is a key biological characteristic of fatigue in 

populations with cancer [48-50]. Fatigue is also characterized by widespread 

physiological changes in the brain and subsequent brain functioning, which have 

inflammatory involvement [51]. Worsening fatigue is associated with advanced stages 

of disease [52]. Thus, it is important to note that there were no differences between 

groups in presence of metastases at baseline or in fatigue between those who had 

metastases compared to those who did not. As CINV can also exacerbate fatigue [2], 

the observed positive effect could be due to improved CINV. Therefore, future studies 

which measure inflammatory and oxidative stress markers and stratify for disease 

stage are warranted.  

 

Unlike the pilot trial [19], ginger improved nutrition status in this study, whereby 

nutrition status declined as chemotherapy progressed in the placebo group; however, 

remained stable in the ginger group. This finding supports the association between 

reduced CINV and better nutrition status, likely improved through increased food 

intake and/or decreased nutritional losses that assists weight management and 

everyday functioning [3-6]. This confirms current recommendations that nutrition 

status in patients with CINV should be routinely monitored and managed to reduce 

risk of malnutrition, particularly as the course of chemotherapy progresses [6]. Ginger 

as a method of improving nutrition-impacting symptoms of CINV should be further 
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explored in future research as an intervention for malnutrition prevention and 

management.  

 

Consistent with previous systematic review [10] and pilot data [19], ginger 

supplementation in this sample was safe with no serious adverse events reported. 

However, the findings of this study cannot be extrapolated to all populations, especially 

those who were ineligible for inclusion due to concurrent radiotherapy, liver disease, 

blood clotting disorders, or use of anticoagulant, hypoglycemic, and non-steroidal anti-

inflammatory medications. Some participants experienced reflux, which was 

inconsistent with other research suggesting ginger improves reflux symptoms,  [53, 

54]. Ginger use is not contraindicated for people with history of reflux but should be 

closely monitored in an oncology setting. Ginger supplementation might also be 

unsuitable for participants who are highly burdened with their cancer diagnosis and 

treatment schedule as this was the most common reason for study withdrawal. Despite 

possibly not being a feasible intervention for all, the participation rate in this study was 

high, indicating that ginger supplementation was well accepted as a method to improve 

CINV and QoL during cancer treatment. 

 

This study advances current knowledge on optimal dosing regimens for ginger 

supplementation for CINV. Ginger could be most effective in later chemotherapy 

cycles and in the delayed phase for both CINV incidence as well as nausea severity, 

thus longer-term supplementation (i.e., five days over three or more cycles) might be 

optimal. However, it is unclear if the greater effects in later cycles remain if ginger is 

not supplemented in the first cycle. The finding that ginger might be most effective in 

the delayed phase is contrary to the most well-understood mechanism of action; that 

is, the antagonistic effect of ginger on peripheral serotonin (5-HT3) receptors, which 

is most relevant to acute phase CINV [55, 56]. Our findings suggest that ginger could 

have more of an effect on delayed phase central CINV pathways: antagonism of 

neurokinin (NK1) receptors  [55, 56]. This is noteworthy as delayed CINV is difficult to 

manage in clinical practice in comparison to acute CINV [57, 58]. Ginger, therefore, is 

of particular benefit as a supportive care option for chemotherapies with known 

delayed symptoms, such as cisplatin, carboplatin, cyclophosphamide, and doxorubicin 

[59].   
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The novel beneficial effects of ginger observed in this study and the pilot data [19] also 

suggest that the frequency of ginger consumption (four times daily) might be optimal 

as most other trials that reported conflicting results have only administered ginger once 

or twice daily [10]. Given that the biological half-life of ginger is only 1.5-3 hours, the 

need for more frequent ginger consumption is also suggested. Regular consumption 

assists in maintaining peak serum concentrations of ginger bioactives [26, 27]. The 

total ginger dose of 1.2g/day containing 64mg (3%) gingerols and 20mg (1%) shogaols 

appeared beneficial in this trial and the pilot study [19]; however, future trials would 

benefit from investigating the dose-dependent response of standardized ginger 

supplements using compositional analysis to confirm stability of active ingredients.  

 

This study used robust methodology and stringently adhered to the Consolidated 

Standards of Reporting Trials (CONSORT) Statement [60]; however, limitations 

require consideration when translating findings into clinical practice. The study was 

unable to recruit the pre-specified sample size. Lower than anticipated recruitment 

rates were attributable to the number of eligible participants being much smaller than 

that observed in the pilot trial [19], likely due to changes over time in chemotherapy 

regimens prescribed. However, post-hoc power calculation found the study to be 

adequately powered. There were more participants with history of moderate to severe 

motion sickness in the ginger group, a known risk factor for CINV [28]; however, this 

had no effect on the results of this study. Despite double encapsulation, a higher 

number of participants in the ginger group correctly identified their group allocation, 

mainly due to ginger-tasting burps. Not only does this inadequacy of blinding imply 

potential bias and perceived improved outcomes due to knowing group allocation, but 

the intervention could exacerbate CINV in people who dislike ginger. Some trials have 

reported relief of reflux and ginger taste when consumed with food [10, 16] and 

although this recommendation was made in this study, it might not be achievable, 

especially in people with CINV and low food intake.  

 

This study has highlighted numerous additional areas for consideration in future 

research. Participants were asked to report their adherence to antiemetic regimens on 

discussion with the research assistant following each chemotherapy cycle. However, 

most participants had difficulty recalling this information and therefore was not deemed 

reliable or meaningful to the results of this study. Future trials would benefit from 
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including surveys on antiemetic use at each of the study timepoints as it is possible 

that participation in this trial led to improved adherence to antiemetic prescription. 

However, this was unlikely as CINV incidence in the placebo group was comparable 

to that reported in other trials [7, 8]. Future trials considering these limitations are 

warranted and should be well-powered and rigorously designed to confirm clinical 

significance as well as explore the perspectives and supportive care needs of people 

undergoing chemotherapy. There is a need to establish minimal clinically important 

differences for CINV and CINV-related outcomes to assist in the interpretation of the 

clinical relevance of future findings. The effect of ginger on broader outcomes is also 

required, including cost-effectiveness, cost-benefit, and treatment outcome. 

 

CONCLUSION 
In a sample of adults with cancer undergoing moderately- to highly-emetogenic 

chemotherapy, convincing evidence against the null hypothesis was found suggesting 

that adjuvant ginger, compared to placebo, is associated with clinically relevant 

improvements in QoL, delayed nausea and vomiting, fatigue, and nutrition status. 

Ginger supplementation is a promising, safe and feasible adjuvant to standard 

antiemetic medications for CINV that QoL during chemotherapy treatment. However, 

future well-powered robust trials should use and report on standardized ginger 

formulations and examine dose-dependent responses to verify optimal dosing 

regimens.  
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6.1 SUMMARY 

Despite the plethora of research existing to support the health benefits of ginger, as 

presented in Chapters 4 and 5, little is known about the mechanisms of action in 

humans. The narrative review in this chapter draws on non-human trials to explain the 

possible mechanisms of action behind ginger’s wide range of therapeutic health 

effects identified in the umbrella review in Chapter 4.  

Mechanistic studies support the beneficial effects of ginger on improving symptoms 

and biomarkers of pain, metabolic chronic disease, and gastrointestinal conditions. 

Specifically, bioactive ginger compounds have been found to reduce inflammation, 

which contributes to pain; promote vasodilation, which lowers blood pressure; obstruct 

cholesterol production, which regulates blood lipid profile; translocate glucose 

transporter type 4 molecules to plasma membranes to assist in glycaemic control; 

stimulate fatty acid metabolism to aid body weight management; and inhibit 5-HT3 

serotonin, muscarinic, and histaminergic receptor activation to reduce nausea and 

vomiting. Interpretation of these mechanisms of action will help clinicians and 

researchers better understand how and for whom ginger may render therapeutic 

effects and has highlighted priority areas for future research. 

As presented in the narrative review of this chapter, compositional alterations in 

gastrointestinal microbiota have been purported to underpin some of the therapeutic 

effects of ginger. However, the effect of a standardised ginger supplement on 

gastrointestinal bacteria has not been tested in human clinical trials. Therefore, the 

first double-blind randomised placebo-controlled trial in humans was conducted to 

determine the effect of a standardised ginger supplementation on the gastrointestinal 

bacteria of healthy adults. The intervention comprised four capsules of ginger root per 

day (totalling 60 mg of active gingerols/day) for two weeks following a one-week run-

in period. During the run-in and intervention periods, participants were advised to 

stabilise dietary and lifestyle factors known to influence gastrointestinal bacteria, such 

as maintaining usual diet, exercise, and sleep patterns; consuming no medications, 

ginger, probiotics, tobacco, illicit drugs, or artificial sweeteners; and limiting coffee, tea, 

and alcohol intake. 
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The results from the pilot randomised controlled trial in this chapter found 

gastrointestinal bacteria composition was altered with ginger supplementation. In 

comparison to placebo, ginger supplementation caused a greater increase in the 

relative abundance of beneficial phylum, Actinobacteria, potentially therapeutic genera, 

Parabacteroides, Bacillus, Ruminococcaceae incertae sedis, unclassified Bacilli, 

families Defluviitaleaceae, Morganellaceae, and Bacillaceae as well as lower 

abundance of the genus Blautia and family Sphingomonadaceae. Furthermore, this 

pilot trial found that ginger supplementation was associated with improvements in 

indigestion symptoms and the ginger dosage regimen appeared safe for use, with no 

serious adverse events reported. 

This chapter provides rationale for future well-powered randomised placebo-controlled 

trials using standardised ginger formulations and whole genome sequencing. These 

trials should explore the effect of ginger root powder on the gastrointestinal microbiota 

of populations with diseases and health conditions, particularly those with involvement 

of the microbiota or inflammation such as inflammatory bowel disease or colon cancer. 

Trials should also consider how the effects on gastrointestinal microbiota correlate 

with clinical outcomes, such as secondary outcomes of gastrointestinal symptoms. 

Such research would assist in confirming whether the effects of ginger on the 

gastrointestinal microbiota are an underlying mechanism for the therapeutic effects of 

ginger.  
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6.2 THERAPEUTIC HEALTH EFFECTS OF GINGER: NARRATIVE REVIEW 

EXPLORING THE MECHANISMS OF ACTION  
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ABSTRACT  
 

Ginger (Zingiber officinale) has been investigated for its potentially therapeutic effect 

on a range of chronic conditions and symptoms in humans. However, a simplified and 

easily understandable examination of the mechanisms behind these effects is lacking, 

which in turn hinders interpretation, translation to practice, and contributes to overall 

clinical heterogeneity confounding the results. Therefore, drawing on non-human 

trials, the objective of this narrative review was to comprehensively describe the 

current knowledge on the proposed mechanisms of action of ginger on conferring 

therapeutic health effects in humans. Mechanistic studies support the findings from 

human clinical trials that ginger may assist in improving symptoms and biomarkers of 

pain, metabolic chronic disease, and gastrointestinal conditions. Bioactive ginger 

compounds have been found to reduce inflammation which contributes to pain, 

promote vasodilation which lowers blood pressure, obstruct cholesterol production 

which regulates blood lipid profile, translocate glucose transporter type 4 molecules to 

plasma membranes to assist in glycemic control, stimulate fatty acid break down to 

aid weight management, and inhibit serotonin (5-HT3), muscarinic, and histaminergic 

receptor activation to reduce nausea and vomiting. Additional human trials are 

required to confirm the antimicrobial, neuroprotective, antineoplastic, as well as liver- 

and kidney-protecting effects of ginger. Interpretation of the mechanisms of action will 

help clinicians and researchers better understand how and for whom ginger may 

render therapeutic effects and highlight priority areas for future research. 

 

Keywords: ginger, Zingiber officinale, mechanisms of action, pain, chronic disease, 

gastrointestinal conditions 
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INTRODUCTION 
 

Ginger (Zingiber officinale) contains an estimated 80-90 non-volatile bioactive 

compounds that may confer a range of therapeutic effects relevant to chronic health 

conditions and symptoms. 1-3 These compounds include gingerols (mostly 6-, 8- and 

10-gingerols), shogaols (mostly 6-, 8- and 10- shogaols), zingerone, gingerdiols, and 

paradols. 2,4 The strongest clinical evidence for the use of ginger is for managing 

symptoms and biomarkers of pain, metabolic chronic disease, and gastrointestinal 

conditions. 5 More specifically, meta-analyses of human trials support the use of ginger 

for ameliorating pain associated with dysmenorrhea and osteoarthritis, nausea and 

vomiting induced by pregnancy and chemotherapy, and metabolic conditions such as 

hypertension, hyperglycemia, excess body weight, and abnormal blood lipid profile. 5 

There is a smaller body of evidence to support the use of ginger for post-operative 

nausea and vomiting, motion sickness, gastric dysrhythmia, and headache. 5  

 

A recent umbrella review of the therapeutic health effects of ginger acknowledged high 

interest in this topic, identifying 24 systematic reviews published from 2015-2021. 5 

However, a simplified and easily understandable discussion of the mechanisms 

behind these effects is lacking. This in turn hinders interpretation, translation to 

practice, and contributes to overall clinical heterogeneity confounding clinical trial 

results. Drawing on the most recent non-human trials, the objective of this narrative 

review was to comprehensively describe the current knowledge on the mechanisms 

of action of ginger on conferring therapeutic health effects in humans. 

 

Pubmed and Google Scholar databases were searched to locate original research 

using the following search terms: (ginger OR ‘Zingiber officinale’) AND (‘in silico’ OR 

‘in vitro’ OR ‘in vivo’). Reference lists of pertinent literature were also assessed to 

locate additional research. The most recent original research was prioritized for use in 

this review. 
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THERAPEUTIC EFFECTS SUPPORTED BY CLINICAL AND PRE-CLINICAL 
STUDIES  
 

The mechanisms of action behind the therapeutic effects of ginger have been 

summarized in Table 1 and simplified in Figure 1.  

 

 
Figure 1. Mechanisms of action for the therapeutic effects of ginger on human health 

outcomes.  

 

Ä: inhibitory effect; : increase;  ¯: reduce; 5HT3: serotonin receptors; Ca2+: calcium; 

chol: cholesterol; FA: fatty acid; GI: gastrointestinal; H3: histaminergic receptors; IR: 

insulin resistance; NO: nitric oxide; ROS: reactive oxygen species 
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 Table 1. Summary of the effects of ginger on human health. 

Mechanism of action Therapeutic effect 
Receptor-mediated effects of ginger 
Nociceptor TRPV1 agonism Reduced pain 
Increased expression of PPARα and PPARγ Reduced cholesterol synthesis, 

thus improved blood lipid profile 
Increased expression of liver LDL receptors Increased cholesterol excretion, 

thus improved blood lipid profile 
Improved insulin receptor sensitivity Enhanced utilisation of insulin, thus 

glycaemic control 
Activation of serotonin receptors (5-HT2C and 5-HT1B)  Appetite control, thus weight 

management 
Serotonin (5-HT3), NK1, muscarinic, dopaminergic, and 
histaminergic receptor non-competitive antagonism 

Reduced nausea and vomiting  

Influence on signalling pathways  
Inhibition of COX-2, LOX, LTA4 hydrolase, and NF-κB Anti-inflammatory effect, thus 

reduced pain  
Inhibition of xanthine oxidase activity  Antioxidant effect, thus reduced 

pain 
Inhibition of arginase, ACE, and calcium signaling; regulation 
of nitric oxide synthase and COX 

Vasodilation, thus reduced blood 
pressure 

Reduced lipid peroxidation and production of ROS and MDA Antioxidant effect, thus reduced 
blood pressure 

Inhibition of HMG-CoA and regulation of AMPK signalling 
pathway 

Reduced cholesterol synthesis, 
thus improved blood lipid profile 

Increased apolipoprotein A-1 on HDL-C; upregulation of the 
gene expression of hepatic CYP7A1 enzyme; and 
downregulation of SHP and FXR 

Increased cholesterol excretion, 
thus improved blood lipid profile 

Increased expression and translocation of GLUT4 to plasma 
membrane 

Increased glucose transport, thus 
glycaemic control 

Activation of Foxa2 involved in an insulin receptor mediated 
pathway; stimulation of the closure of beta cell KATP 
channels 

Regulation of insulin secretion, 
thus glycaemic control 

Modulation of fatty acid metabolism; inhibition of 
adipogenesis 

Reduced adipocyte formation/size, 
thus weight management 

Promotion of enzymes involved in lipolysis  Increased adipocyte breakdown, 
thus weight management 

Stimulation of catecholamine release; activation of PGC-1α; 
and enhanced expression of brown and beige fat-specific 
genes and proteins in adipocytes 

Increased thermogenesis, thus 
weight management 

Regulation of adipocyte-derived secretion of adipokines, 
leptin and adiponectin  

Appetite suppression, thus weight 
management 

Inhibition of calcium influx into gastrointestinal smooth 
muscle cells 
 

Controlled gastric motility, thus 
reduced nausea and vomiting 

ROS scavenging to protect against the oxidative stress 
provoked by chemotherapy that triggers activation of 
receptors in CINV pathways  

Antioxidant effect, thus reduced 
CINV 

Metabolite-related effects 
Increased gut bacteria production of SCFAs, increasing 
expression of GPR43 and GPR41 in adipocytes 

Increased lipolysis, thus weight 
management 

Regulation of gut bacteria that modulate neurotransmitter 
release from enterochromaffin cells 

Reduced nausea and vomiting 

 

ACE: angiotensin converting enzyme; AMPK: adenosine monophosphate-activated protein kinase; 

CINV: chemotherapy-induced nausea and vomiting; COX: cyclooxygenase enzyme; CYP7A1: 



Chapter 6.2 Therapeutic Health Effects of Ginger: A Narrative Review 

230 
 

cholesterol 7α-hydroxylase; Foxa2: forkhead transcription factor; FXR: farnesoid X receptor; GELNs: 

ginger-derived exosomes-like nanoparticles; GLUT4: glucose transporter type 4; GPR41: G-protein 

coupled receptor 41; GPR43: G-protein coupled receptor 43; HDL-C: high density lipoprotein 

cholesterol; HMG-CoA: hydroxymethylglutaryl-CoA reductase; KATP: potassium ATP channels; LOX: 
5-lipoxygenase enzyme; MDA: malondialdehyde; NF-κB: nuclear factor κB; NK1: neurokinin-1 receptor; 

PGC-1α: peroxisome proliferator-activated  receptor  gamma  coactivator  1-alpha; PPAR: peroxisome 

proliferator-activated receptors; ROS: reactive oxygen species; SCFAs: short chain fatty acids; SHP: 

small heterodimer partner; TRPV1: Transient Receptor Potential Vanilloid 1. 
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Analgesic effects 
Consistent clinical evidence exists for the efficacy of ginger for dysmenorrhea, 

osteoarthritic pain, and headache/migraine, but not for post-exercise muscle pain. 5 

 

Anti-inflammatory properties 

In vitro and in silico studies 

The analgesic effects of ginger are most likely attributable to anti-inflammatory 

properties, specifically the inhibition of cyclooxygenase-2 enzyme (COX-2), 5-

lipoxygenase enzyme (LOX), and nuclear factor κB (NF-κB). 6-12 Acting similarly to 

non-steroidal anti-inflammatory medications (NSAIDs) used in the treatment of pain, 

molecular docking has shown 10-gingerol and 10-shogaol to bind to and block the 

enzymatic activity of COX-2. 6 Inhibition of COX-2 then suppresses the conversion of 

arachidonic acid to proinflammatory prostaglandins and thromboxanes. 6 Unlike many 

NSAIDs, 6-gingerol and 6-shogaol have shown anti-LOX activity in vitro, which inhibits 

the conversion of arachidonic acid to proinflammatory leukotrienes. 9 Furthermore, 6- 

and 10-gingerol have been found to inhibit LTA4 hydrolase with molecular docking, 

another enzyme involved in leukotriene biosynthesis. 10,11 This dual COX/LOX 

inhibition is favorable as COX inhibition by NSAIDs shifts arachidonic acid metabolism 

to the LOX pathway, leading to an increased production of leukotrienes, which are 

believed to be associated with side effects of long term NSAID use, such as 

gastrointestinal ulcers and renal impairment. 13 In addition, 6-gingerol and gingerdione-

induced inhibition of NF-κB activation and expression of inflammatory genes in mice 

macrophages has also been linked with reduced synthesis of pro-inflammatory 

cytokines (IL-1, IL-6, and TNF-α). 12 Inhibition of inflammatory pathways and reduced 

production of proinflammatory mediators in turn reduces the activation of pain 

receptors and subsequent pain signaling. 14,15 

 

In vivo studies 

The inhibitory effect of ginger on COX-2, NF-κB, and subsequent production of 

proinflammatory mediators has been confirmed in rat models with arthritis and 

polycystic ovary syndrome (PCOS). 7,8 In female rats with PCOS, decreased mRNA 

levels of COX-2 in ovary tissue indicated reduced gene expression of COX-2. 8 In rats 

with arthritis, joint tissue showed a significantly reduced level of  NF-κB after oral 

supplementation with ginger root extract. 7  
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Results from the aforementioned mechanistic studies are supported by findings in 

systematic reviews of human trials whereby prostaglandin E2, IL-1, IL-6 and TNF-α 

were found to be significantly reduced with oral ginger supplementation. 5 Furthermore, 

in 70 humans with rheumatoid arthritis, NF-κB gene expression was reduced with 

1.5g/day of ginger powder capsules consumed orally for 12 weeks when compared 

with placebo; however, statistical significance was not reached. 16   

 

Antioxidant properties 

In vitro and in silico studies 

In human cells, proinflammatory cytokines, IL-1, IL-6 and TNF-α, generate excessive 

reactive oxygen species (ROS) that activate additional inflammatory and pain 

responses. 17 In silico analyses have found antioxidant compounds in ginger (6-

gingerol, 6-shogaol, and zingerone) to possess potent ROS scavenging properties. 

18,19 In particular, 6-shogaol, 6-paradol, and 6-gingerol, have been found to inhibit 

xanthine oxidase activity, an enzyme which catalyzes the final steps in purine 

breakdown, producing hypoxanthine and urate as well as generating ROS and 

reactive nitrogen species (RNS) in the process. 19 Since ROS and RNS activate NF-

κB and COX-2 pathways, ginger may assist in overcoming the oxidative stress that 

contributes to pain by exacerbating inflammation. 12 

 

In vivo studies 

Normally, activity of xanthine oxidase is low; however, it can be elevated in certain 

pathological conditions, such as gouty arthritis characterized by hyperuricemia and 

uric acid deposits and is thus the therapeutic target for gout medication, allopurinol, a 

competitive inhibitor of xanthine oxidase. 19 Research using rats with hyperuricemia 

has found ginger to effectively reduce urate levels that contribute to painful gouty 

arthritis. However, effects of ginger on hyperuricemia or gout in human subjects 

requires exploration. 20  

 

Transient Receptor Potential Vanilloid 1 agonist 

In silico studies 

Another emerging pathway of action may be the agonistic effect of ginger on 

nociceptor Transient Receptor Potential Vanilloid 1 (TRPV1), which is a target 

receptor for novel analgesics. 21,22 The best-known stimuli for TRPV1 activation is 
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capsaicin, a pungent component of chili, to which 6-gingerol, 6-shogaol, and zingerone 

are structural analogues containing a vanilloid moiety. 21,23 After prolonged exposure 

to these ginger compounds, particularly 6-shogaol, molecular docking has found 

TRPV1 receptors to be desensitized, which leads to the alleviation of pain. 21-23 

However, the mechanisms involving TRPV1 are complex and not yet completely 

understood. 22  

 

Metabolic effects 
A body of clinical evidence has found ginger to benefit blood pressure, blood lipid 

profile, glycemic control, and weight management. 5   

 

Blood pressure 

Clinical efficacy data supports the use of ginger for reducing both systolic and diastolic 

blood pressure in hypertensive subjects. 5  

 

Vasodilation 

In vitro and in silico studies 

Ginger may render anti-hypertensive effects through numerous pathways, most 

involving the relaxation and thus dilation of blood vessels to lower blood pressure. 24-

30  In porcine coronary artery tissue, ginger extract induced endothelium-dependant 

vasorelaxation through the regulation of nitric oxide synthase and COX. 25 As 

inflammatory cytokines interfere with nitric oxide production, the anti-inflammatory 

properties of ginger likely play a role in vasodilation and thus blood pressure control. 

12,31 Ginger extract has also been found to act as a vasodilator by inhibiting calcium 

from entering human vascular smooth muscle and thus impeding vascular muscle 

contraction in rat cardiomyocytes as well as aortic tissue of rats, guinea pigs, and 

rabbits. 26,27 The activity of angiotensin converting enzyme (ACE), a central component 

of the renin-angiotensin system that controls blood pressure by constricting blood 

vessels and regulating fluid volume in the body, has also been inhibited by ginger 

extract in isolated rat hearts. 28 Recent In silico analyses have confirmed that 6-

gingerol, 8-gingerol, and 6-shogaol have a high binding affinity with ACE that leads to 

inhibition of ACE. 29,30 
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In vivo studies 

In hypertensive rats, 6-, 8-, and 10- gingerol as well as 6-shogaol have been found to 

inhibit arginase activity. 5 This increased plasma L-arginine concentrations, which is a 

substrate for the production of a major vasodilator, nitric oxide. 5  

 

Antioxidant properties 

In vitro studies 

The antioxidant properties of ginger have been found to assist in blood pressure 

control, in vitro. 25,28,32 In rat heart tissue and human chrondocytes, ginger extract has 

been associated with reductions in lipid peroxidation. 28,32 This reduced lipid 

peroxidation inhibits excessive production of ROS and malondialdehyde (MDA) that 

otherwise act as mediators to pathological characteristics of hypertension; decreased 

nitric oxide synthesis, vasoconstriction, and damage to vasculature. 28,32 For example, 

6-, 8-, and 10- gingerol as well as 6-shogaol compounds have shown improvements 

in ROS hydrogen peroxide-induced endothelial injury in porcine coronary arteries, in 

vitro. 25  

 

In vivo studies 

In human trials, ginger supplementation has been associated with improved total 

antioxidant capacity by lowering MDA, a highly reactive and potentially mutagenic by-

product of lipid peroxidation, and therefore, a marker of oxidative stress. 5 However, 

other human studies argue that oxidative stress is not a cause of hypertension, but 

rather an effect and thus aid more in preventing the longer term effects of hypertension 

that are mediated by free-radicals. 33 

 

Blood lipid profile 

Several clinical trials have reported that ginger administration can modulate blood lipid 

profile by increasing high density lipoprotein (HDL)-cholesterol, and reducing 

triglycerides, total cholesterol, and low density lipoprotein (LDL)-cholesterol. 5  

 

Inhibition of cholesterol synthesis  

In vivo studies 

Ginger is thought to act on numerous enzymes in the liver to inhibit cholesterol 

production. 34-37 This inhibitory effect of ginger against cholesterol biosynthesis has 
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been demonstrated in animal studies, such as that by Tanabe and colleagues34 who 

found a compound extracted from ginger, ZT dial (8,17-Epoxylabd-12-ene-15,16-dial), 

is an analogue of Mevastatin, a common statin medication for the treatment of 

hypercholesterolemia. Mevastatin and ZT dial inhibit hydroxymethylglutaryl-CoA 

reductase, the key regulated enzyme in cholesterol synthesis. 34,35 In mice, 6-gingerol 

was found to alleviate atherosclerotic lesions and reverse lipid accumulation in part 

mediated by effecting the adenosine monophosphate-activated protein kinase (AMPK) 

signalling pathway, which is involved in cholesterol synthesis. 36 Furthermore in rats, 

improvements in abnormal lipid profiles were related to the ginger-mediated increase 

in liver expression of peroxisome proliferator-activated receptors (PPARα and PPARγ), 

key components in lipogenesis and lipolysis. 37 

 

Promotion of cholesterol excretion 

In vivo studies 

Ginger has exerted the ability to promote cholesterol uptake for elimination as well as 

stimulate its conversion to bile salts for excretion. 35,38-41 Rats consuming ginger extract 

showed an increase in both mRNA and protein expression of liver LDL receptors, 

which are responsible for removing cholesterol from serum for excretion. 35 Obese rats 

have been used to demonstrate ginger to increase apolipoprotein A-1, which is the 

major apolipoprotein on the surface of HDL-cholesterol with a role in HDL formation 

and reverse cholesterol transport. 40 Niacin (vitamin B3) is another therapeutic 

compound in ginger that is thought to inhibit the breakdown of HDL-cholesterol and to 

increase the clearance of VLDL-cholesterol, LDL-cholesterol, and triglycerides. 41 In 

mice and hamsters with hypercholesterolaemia, consumption of ginger extract has 

been linked to increased production and faecal excretion of bile salts. 38,39 This was 

attributable to upregulation of the gene expression of hepatic cholesterol 7α-

hydroxylase (CYP7A1) enzyme and downregulation of small heterodimer partner 

(SHP) and farnesoid X receptor (FXR). 38,39  

 
Glycemic control 

A large body of evidence supports clinical efficacy for the positive effect of ginger on 

reducing fasting blood glucose levels, HbA1c, insulin levels, as well as insulin 

resistance in populations with type 2 diabetes mellitus (T2DM). 5  
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Glucose transporter activation 

In vitro studies 

The hypoglycemic effects of ginger are best understood to be due to ginger 

compounds increasing expression and translocation of glucose transporter type 4 

(GLUT4) to the plasma membrane. 42-45 In mice and rat skeletal muscle cells, GLUT4 

activation was a result of ginger (mainly 6- and 8-gingerol) stimulating AMP kinase 

(AMPK) and phosphoinositide 3 kinase (PI3K), pathways typically stimulated by insulin. 

42-44 The chronic effect of ginger extract on GLUT4 translocation was similar to the 

biguanide, Metformin. 43  

 

In vivo studies 

The hypoglycemic effects of ginger are further supported by the anti-inflammatory 

properties of ginger. Of particular interest is the significant reduction in TNF-a 

associated with ginger in many human trials, 5 which otherwise interferes with signaling 

to express GLUT4 and contributes to insulin resistance. 12,46 In addition to skeletal 

muscle where GLUT4 molecules dominate, emerging research suggests that ginger 

also influences other glucose transporter types. 45 Aqueous ginger extract fed to mice 

showed an increase in glucose uptake in cardiac muscle (facilitated by GLUT1 and 

GLUT 4 molecules) as well as pancreatic and liver tissues (facilitated by GLUT2 

molecules). 45 Current literature on the effects of ginger on glucose transporters exists 

only in populations and animals with metabolic conditions (namely metabolic 

syndrome, T2DM, and gestational diabetes); therefore, these findings cannot be 

generalized to those with type 1 diabetes mellitus, an autoimmune condition. 

 

Effects on insulin 

In vitro studies 

The effects of ginger on insulin production, utilization, and sensitivity suggest an 

additional pathway of action for glycemic control. 47 A study using rat cells found 

gingerenone A improved insulin receptor sensitivity, enhanced utilization of circulating 

insulin and thus activated transportation of blood glucose into cells. 47  

 

In vivo studies 

Human clinical trials in which ginger has been found to reduce bloods insulin levels 

promote this additional pathway of action for glycemic control. 5 6-gingerol has been 
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found to reduce plasma insulin in mice with T2DM; however, exact mechanisms were 

not explored. 48 Most recently, ingestion of ginger nanoparticles in mice was found to 

influence forkhead transcription factor (Foxa2) involved in an insulin receptor mediated 

pathway. 49 In states of hyperinsulinemia seen in insulin resistant individuals, Foxa2 is 

inhibited and remains in the hepatocyte cytoplasm, characterized by glucose uptake 

and metabolism defects. 49,50 Ginger nanoparticles reversed this inactivation of Foxa2 

to regulate insulin secretion in beta cells and prevent subsequent insulin resistance 

and lipid accumulation in the liver. 49 Contradictory conclusions were identified for other 

studies on rats and mice in which ginger was associated with increased blood insulin 

levels. 51-53 In mice with T2DM, ginger extract has been found to stimulate the closure 

of beta cell potassium ATP channels (KATP channels), which leads to membrane 

depolarization, the opening of calcium channels, calcium influx, and subsequent 

insulin secretion. 51 Therefore, the available literature suggests that ginger may have 

a dual action in both promoting insulin production as well as enhancing insulin 

utilization and sensitivity in T2DM. 47,48,51-53 

 

Weight management 

Clinical efficacy exists for the beneficial effects of ginger on outcomes relating to 

weight management; body weight, body mass index, waist-to-hip ratio, waist 

circumference, appetite, and thermogenesis. 5  

 

Lipid metabolism 

In vitro and in silico studies 

The influence of ginger on lipid metabolism explains the potential therapeutic effects 

for body weight management. In vitro, 6-shogaol has been found to increase enzymes 

that promote lipolysis within white adipose tissue, a process which results in reductions 

in body fat and/or body weight. 54  

 

In vivo studies 

In mice fed a high fat diet, consumption of ginger (particularly 6-shogaol and 

gingerenone A) 

 modulated fatty acid metabolism and inhibited adipogenesis to reduce the formation 

and size of adipocytes. 55,56 In rats fed a high fat diet, ginger extract reduced white 

adipose tissue mRNA levels of PPAR-γ, a transcription factor involved in the 
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differentiation and development of adipocytes, and adipocyte protein 2 (aP2), a carrier 

protein for fatty acids involved in fat accumulation by promoting lipid biosynthesis. 57 

Ginger extract also reduced mRNA levels of TNF-α and IL-6, pro-inflammatory 

cytokines that are produced when lipid content of white adipose tissue increases, 

which exacerbates obesity-linked complications. 57 In mice and rat models, the 

amelioration of adipogenic gene expression by ginger has also been suggested to be 

due to regulating microRNA expression at the post-transcriptional level; however, this 

complex mechanism requires further research. 57,58 In addition, lipolysis in white 

adipose tissue increases non-esterified free fatty acids, which contributes to insulin 

resistance, highlighting the complexity in managing chronic diseases like T2DM and 

obesity. 59  

 

Thermogenesis  

In vitro studies 

Ginger is associated with increasing thermogenesis, which is an indicator of energy 

expenditure. 60,61 In vitro, 10-gingerol, 10-shogaol, and 10-gingerdiols activated 

peroxisome proliferator-activated  receptor  gamma  coactivator  1-alpha (PGC-1α). 

PGC-1α is a cofactor of the peroxisome proliferator-activated receptor γ (PPARγ) that 

plays an important role in thermogenesis. 62 In addition, 6-gingerol has been found to 

increase expression of brown and beige fat-specific genes and proteins in adipocytes, 

which is linked to enhancing the function of brown adipose tissue that metabolizes 

energy and generates heat in the process. 60,61  

 

In vivo studies 

In rats, 6-paradol, 6-gingerol, and 6-shogaol 6- and 10-gingerols and -shogaols have 

been found to stimulate catecholamine release, which activates the sympathetic 

nervous system to increase thermogenesis. 63 In mice, ginger extract containing 6-

gingerol and 6-shogaol prevented increases in body weight while consuming high fat 

diets due to enhancing the function of brown adipose tissue. 61 However, 

thermogenesis is one of the only mechanisms that differs drastically between humans 

and animals, meaning thermogenic effects of ginger from animal studies cannot be 

extrapolated well to humans. These differences are due to large inter-species 

differences in expression of beta-3 adrenergic receptors that mediate thermogenesis. 
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64 Therefore, additional human trials are needed to confirm the thermogenic effects of 

ginger on energy expenditure. 

 

Appetite control 

In vivo studies 

The mechanisms behind the appetite-suppressing effects of ginger that have been 

reported in human trials are less understood. Activation of serotonin receptors (5-

HT2C and 5-HT1B) may be a contributing factor to appetite control, as well as 

adipocyte-derived secretion of adipokines, leptin and adiponectin, known to suppress 

appetite. 65 For example, consumption of ginger (mainly 6-gingerol and 6-shogaol) in 

mice prevented increases in blood leptin levels that were associated with the high fat 

diet administered. 61,66,67 Similarly to insulin resistance, chronic high levels of leptin 

often seen in obesity, lead to desensitization to the appetite-suppressing actions of 

leptin. 68 Therefore, the ginger-mediated reductions in leptin promotes leptin sensitivity 

and thus assists in regulating appetite; 66,67 however, this positive effect on leptin has 

not been confirmed in humans. 69 Contrarily, clinical trials have shown ginger to also 

increase gastrointestinal tract peristalsis and food transit time, which are known to 

increase appetite. 5,70 Therefore, future research is needed to clarify the mechanisms 

of action behind the appetite-suppressing effects of ginger.  

 

Gastrointestinal bacteria 

In vivo studies 

An emerging pathway of action for the beneficial effects of ginger on weight 

management is through the modulation of gastrointestinal bacteria. Ginger 

supplementation reversed the changes on gut bacteria that were observed following 

administration of a high fat diet. This included reduced abundance of Clostridia, which 

have been reported to be elevated in obese individuals and linked to promotion fat 

accumulation, as well as Desulfovibrionaceae, which generate endotoxins that induce 

inflammation 71. In addition, ginger mediated an increase in concentration of short 

chain fatty acids (SCFAs), resulting from increased abundance of SCFA-producing 

bacteria,  Faecalibaculum, Proteobacteria, Bifidobacterium, Alloprevotella and 

Allobaculumin. 71 Short chain fatty acids have been found to inhibit weight gain in 

mouse models by increasing G-protein coupled receptor 43 (GPR43) and GPR41 

expression in adipose tissue. 72 This may result in body weight maintenance or 
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reduction by enhancing triglyceride hydrolysis and free fatty acid oxidation in adipose 

tissue, promoting beige adipogenesis, and inhibiting chronic inflammation involved in 

the development and progression of obesity. 72 However, being based only on one trial, 

more evidence is needed to fully understand the ginger-mediated anti-obesity effects.  

 

Gastrointestinal effects 
Nausea and vomiting 

Clinical studies exists to support the anti-emetic effects of ginger, particularly for 

pregnancy nausea, post-operative nausea, and acute chemotherapy-induced 

vomiting. 5  

 

Receptor activation 

In vitro and in silico studies 

Nausea and vomiting pathways differ depending on the trigger and ginger acts 

similarly to anti-emetic medications in inhibiting numerous receptors. 73-79 Pregnancy-

related nausea and vomiting involves hormone-mediated activation of several 

receptors within the nausea and vomiting pathway, specifically estrogen and chorionic 

gonadotropin affecting muscarinic and serotonin receptors. 80 Post-operative nausea 

and vomiting is generally related to effects of the anesthesia resulting in activation of 

muscarinic, dopaminergic, histaminergic, and/or serotonin receptors. 81 Ginger (mainly 

6-gingerol and 6-shogaol) has been found to inhibit the activation of these receptors 

in neurons, thus intercepting nausea and vomiting pathways. 76,77 Chemotherapy-

induced oxidative stress stimulates the release of neurotransmitters from 

enterochromaffin cells that activate receptors of nausea and vomiting pathways, 

specifically, serotonin (5-HT3) and neurokinin-1 (NK1) receptors. In silico and in vitro 

analyses have shown ginger (particularly 6-, 8-, and 10-gingerol, 6-shogaol, and 

zingerone) to non-competitively bind to and inhibit NK1 and 5-HT3 serotonin receptors. 

73-75,82   

 

In vivo studies 

There is minimal evidence to support the use of ginger in treating motion sickness in 

humans; however, animal studies suggest otherwise. In mice with induced motion 

sickness, ginger extract consumption prevented acetylcholine and histamine release 
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in the vestibular system located in the inner ear. 78 This inhibited the binding to and 

activation of muscarinic and histaminergic receptors, respectively. 78  

 

Secondary nausea and vomiting pathways 

In vivo studies 

Secondary pathways known to exacerbate nausea and vomiting also benefit from 

ginger, with 6-gingerol and 6-shogaol found to regulate gastric rhythm and prevent 

delayed stomach emptying in human trials. 5 Similarly to controlling vascular smooth 

muscle contraction, in rat models gingerols were found to inhibit calcium influx into 

gastrointestinal smooth muscle cells and thus help to regulate gastric contractions, 

motility, and emptying via this mechanism. 70,83-85 The antioxidant and anti-

inflammatory properties of ginger are likely to protect against nausea and vomiting 

also, especially in chemotherapy-induced nausea and vomiting. For example, 

antioxidants attenuated cisplatin-induced vomiting in pigeons by protecting against the 

oxidative stress provoked by the chemotherapeutic agent that triggers activation of 

receptors in nausea and vomiting pathways. 73-75,86 However, the effects of ginger on 

secondary pathways of nausea and vomiting are less understood and require further 

research. 

 

Intestinal microbiota 

In vivo studies 

The production of ginger-induced intestinal microbiota metabolites may be a 

mechanism for reducing activation of nausea and vomiting pathways. 87-92 In mice, 

ginger-derived exosomes-like nanoparticles (GELNs) containing microRNAs that 

target various genes have been found to be taken up by gastrointestinal microbiota, 

which altered the microbiome composition, microbiota metabolite production, and host 

physiology. 87 More specifically, in germ free or humanized mice, the release of 

nausea-promoting neurotransmitter, serotonin, from enterochromaffin cells has been 

modulated by gut bacteria (Clostridium ramosum, Candida, Streptococcus, 

Escherichia and Enterococcus), as has dopamine by Bacillus and Serratia. 91-93  

Although not a primary mechanism, the ability of ginger to maintain gastrointestinal 

cell lining and reduce inflammation through gut microbiota modulation may also assist 

in the prevention and management of nausea and vomiting. 4,94 In humans, ginger tea 

has been associated with decreased relative abundance of pro-inflammatory 
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Ruminococcus and increased anti-inflammatory butyrate-producer Faecalibacterium. 

95  

 

THERAPEUTIC EFFECTS SUPPORTED BY PRE-CLINICAL STUDIES ONLY 
 

Despite a lack of human trials to confirm therapeutic effects, animal, tissue, and cell-

based studies suggest ginger may possess liver- and kidney-protecting, antineoplastic, 

antimicrobial, immune modulating, as well as neuroprotective effects. 96-123  

 

Hepatoprotective effects 
In vivo studies 

Three human clinical trials have shown ginger supplementation to have 

hepatoprotective effects; however, ginger was co-administered with physical exercise, 

which is a known protective factor. 96-99 A meta-analysis of 17 in vivo studies in rats, 

mice, or hamsters found ginger to significantly reduce liver levels of cholesterol, 

triglycerides, malondialdehyde (MDA), catalase (CAT), and superoxide dismutase 

(SOD), and reduced serum levels of liver enzymes, alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST). 96 In rats and mice fed ginger extract and a 

high fat or fructose diet, lipid biosynthesis and thus accumulation in the liver was 

suppressed. 124,125 With high fat diet, this was due to downregulation of hepatic protein 

expression of sterol regulatory element-binding protein-1c, acetyl-CoA carboxylase, 

fatty acid synthase, 3-hydroxy-3-methylglutaryl-coenzyme A reductase, and 

cytochrome P450 2E1. 124 In rats fed a high fructose diet, this was due to 

downregulation of carbohydrate response element-binding protein (ChREBP) in the 

liver at both the mRNA and protein levels. 125 In rat models, 6-gingerol has been found 

to attenuate inflammation and oxidative stress that contribute to liver disease 

pathology. 126,127 Specifically, 6-gingerol suppressed ROS production and inhibited 

COX2 and NF-κB pathways. 126,127 A novel mechanism of action is the modulation of 

gut microbiota; ginger extract increased the abundance and diversity of gut microbiota 

in obese mice with non-alcoholic fatty liver disease. 128 The body of supportive 

evidence in pre-clinical trials and lack of clinical trials isolating the hepatoprotective 

effects of ginger warrants future research in humans.  
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Antineoplastic effects 
In vitro studies 

A large body of in vitro evidence exists to support the use of adjuvant ginger in 

providing additive benefits to conventional cancer treatments and in the primary 

prevention of cancer. 100-109 In breast, colon, prostate, and hepatocellular cancer cells, 

ginger (mainly 6-shogaol, 6-gingerol, and zerumbone) has shown to regulate cell cycle 

and cell cycle arrest, which are often responsible for cancer onset, proliferation, and 

progression when dysregulated. 101-106 Specifically, in colon cancer cells, ginger 

extract caused a reduction in the gene expression of cyclin D1 coupled with 

downregulation of mTOR and Wnt/β-catenin pathways, which led to subsequent cell 

cycle arrest in the G0/G1 phase. 105,106 Ginger has also been found to stimulate cancer 

cell apoptosis by decreasing Bcl-2 gene expression that leads to subsequent p53-

induced apoptosis and damaging cancer cell mitochondria membrane leading to cell 

deterioration and death. 104,107,108 Furthermore, ginger extract has shown to enhanced 

ROS generation in cancer cells as well as the antioxidant N-acetylcystein attenuated 

cell death. 104,108,109 Future clinical trials are needed to determine how ginger may best 

support conventional cancer therapies, rather than replace them.  

 
Immunoregulatory effects 
In vitro and in silico studies 

There are some pre-clinical studies to support the immunoregulatory effects of ginger, 

including antimicrobial and respiratory effects. 110-117 In vitro, the antibacterial effects 

of ginger include suppression of bacteria biofilm formation, interference with bacterial 

cell wall and cytoplasmic reticulum integrity, and inhibition of bacterial adhesion. 110,111 

Antifungal properties of ginger (particularly 6-shogaol) involve suppression of 

ergosterol biosynthesis, interference with fungus membrane integrity, and inhibition of 

aflatoxin production. 112 Anti-viral activities of ginger have shown ability to inhibit viral 

attachment and internalization as well as viral replication. 113 Of growing interest, 

molecular docking has found ginger compounds (α-Curcumene, α-Farnesene, β-

Sesquiphellandrene, and Zingiberen) to have the potential to inhibit the replication 

COVID-19 virus in the human body. 114 Of benefit to patients with respiratory disorders 

such as COVID-19 and asthma, ginger has been found to promote bronchodilation by 

modulating intracellular calcium in airway smooth muscle and inhibit proinflammatory 

cytokine production to reduce airway inflammation. 115,116 Furthermore, ginger has 
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benefited allergic rhinitis by inhibiting the activation of B cells and mast cells by 

suppressing the cytokine production that stimulates T cell activation and proliferation. 

115-117 

 

Anti-inflammatory and antioxidant properties 
In vitro and in silico studies 

The anti-inflammatory and antioxidant properties of ginger have been suggested to 

benefit nervous system functioning. Molecular docking and rat cell studies have 

demonstrated the neuroprotective effects of ginger (particularly 6-shogaol) in 

preventing and managing Parkinson’s and Alzheimer disease. 122,123 Mechanisms of 

action of ginger include reduced neuroinflammatory-induced damage to dopaminergic 

neurons and inhibition of β-amyloid-induced oxidative cell death of neurons in the brain. 

122,123 

 

In vivo studies 

In vivo, the anti-inflammatory and antioxidant properties of ginger also benefit 

additional gastrointestinal disorders and kidney functioning. 118-121 In mice with 

ulcerative colitis, ginger powder supplementation increased gastrointestinal microbial 

diversity to reduce gastrointestinal inflammation that exacerbates the pathology and 

symptoms of this inflammatory bowel disease. 118 In rat models with irritable bowel 

syndrome, 6-gingerol inhibited inflammation to relieve intestinal hypersensitivity and 

reduced defecation frequency, fecal water content, colonic oedema, and abdominal 

withdrawal reflex. 119 In rats, ginger (mainly 6-gingerol) has been shown to prevent 

kidney damage and dysfunction by inhibiting nitric oxide and PGE2 production to 

reduce kidney inflammation, increase scavenging and decrease production of ROS, 

as well as increase plasma elimination of urea and creatinine. 120,121  

 
CONCLUSION 
 
Drawing on non-human trials, this narrative review has comprehensively described 

the current knowledge on the mechanisms of action of many different ginger 

compounds on conferring therapeutic health effects in humans. Mechanistic studies 

support the findings from human clinical trials that ginger may assist in improving 

symptoms and biomarkers of pain, metabolic chronic disease, and gastrointestinal 
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conditions. 5 Bioactive ginger compounds have been found to reduce inflammation 

which contributes to pain, promote vasodilation which lowers blood pressure, obstruct 

cholesterol production which regulates blood lipid profile, translocate GLUT4 

molecules to plasma membranes to assist in glucose homeostasis, stimulate fatty acid 

breakdown to aid weight management, and inhibit 5-HT3 serotonin, muscarinic, and 

histaminergic receptor activation to reduce nausea and vomiting. 14,129 Additional 

human trials are required to confirm the antimicrobial, neuroprotective, antineoplastic, 

as well as liver- and kidney-protecting effects of ginger. 14,129 Additional trials would 

also benefit from considering the bioavailability of ginger, which has been suggested 

to be low in some studies due to poor absorption, hydrophobicity, and rapid 

metabolism. 130,131 
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6.3 THE EFFECT OF GINGER ON GASTROINTESTINAL BACTERIA: A 

RANDOMISED CONTROLLED TRIAL 
 

Crichton M, Marshall S, Marx W, Isenring E, Vázquez-Campos X, Dawson SL, 

Lohning A. Effect of standardized ginger root powder on gastrointestinal 

bacteria composition, gastrointestinal symptoms, mental health, fatigue, and 

quality of life: A double-blind placebo-controlled randomized trial. Under first 

review at American Journal of Clinical Nutrition. 
 

The American Journal of Clinical Nutrition is the professional journal of the 

American Society for Nutrition, has an impact factor of 8.4, and is ranked 4th out 

of 131 (Q1) nutrition and dietetics journals. 

 

Supplementary materials are presented in Appendix III (pp. 542-573). 

 

Additional background information regarding the gastrointestinal bacteria 

analysis is provided in Appendix V.
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ABSTRACT 
Background: Despite compositional alterations in gastrointestinal microbiota being 

purported to underpin some of the therapeutic effects of ginger, the effect of a 

standardized ginger supplement on gut microbiota has not yet been tested in humans. 

 
Aims: To determine the effect of a standardized ginger (Zingiber officinale) root 

powder, compared to placebo, on gastrointestinal bacteria (community composition, 

alpha and beta diversity, differential abundance) and associated outcomes 

(gastrointestinal symptoms, bowel habits, depression, anxiety, stress, fatigue, quality 

of life) in healthy adults. 

 
Methods: A randomized double-blind placebo-controlled trial recruited healthy 

participants aged 18-30-years who were randomly allocated to ginger intervention or 

cellulose placebo. The intervention comprised 1.2g/day of ginger root powder (four 

capsules per day totaling 84mg/day of active gingerols/shogaols) for 14-days following 

a 1-week run-in period. Primary outcomes were gastrointestinal community 

composition, alpha and beta diversity, and differential abundance, measured using 

16S rRNA gene sequencing of fecal samples. Secondary outcomes were 

gastrointestinal symptoms, bowel function, depression, anxiety, stress, fatigue, quality 

of life, and adverse events.  

 
 
Results: 51 participants were enrolled (71% female; mean age 25 [SD: 3] years). 

There was a greater increase in relative abundance of phylum, Actinobacteria, 

observed from following ginger supplementation compared to placebo (U: 145.0; Z: -

2.1; p=0.033). Ginger was associated with a greater abundance of the genera 

Parabacteroides, Bacillus, Ruminococcaceae incertae sedis, unclassified Bacilli, 

families Defluviitaleaceae, Morganellaceae, and Bacillaceae as well as lower 

abundance of the genus Blautia and family Sphingomonadaceae (p<0.05). An 

improvement in indigestion symptoms was observed with ginger supplementation 

(U:196.0; Z:-2.4; p=0.015). No differences between ginger and placebo groups were 

found for alpha and beta diversity nor other secondary outcomes. No moderate or 

severe adverse events were reported.  
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Conclusions: Supplementation with standardized ginger root powder was safe and 

beneficially altered aspects of the gastrointestinal bacteria composition; however, did 

not change alpha- or beta-diversity, bowel function, gastrointestinal symptoms, mood, 

or quality of life in healthy adults. These results provide further understanding 

regarding the mechanisms of action of ginger supplementation.  
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INTRODUCTION 
Although ginger has been shown to improve health outcomes in a range of high burden 

diseases, understanding the mechanisms of action for its therapeutic effects is limited. 

There is good evidence to support the use of ginger supplementation as an adjuvant 

therapy for osteoarthritis, dysmenorrhea, hypertension, hyperlipidemia, Type 2 

diabetes mellitus, and overweight and obesity, as well as treating nausea and vomiting 

symptoms induced by pregnancy, surgery, or chemotherapy (1). A recent umbrella 

review of 24 systematic reviews and 72 outcomes assessing the therapeutic effects of 

ginger in humans found consistent evidence for symptom relief and improvement in 

metabolic chronic disease and gastrointestinal conditions (1). However, less is known 

about the mechanisms of action underlying these therapeutic effects (1, 2).  

 

Cell- and animal-based studies have found ginger to exert anti-inflammatory and 

antioxidant properties which may underpin many therapeutic effects in inflammatory-

associated conditions such as cardiovascular disease, type 2 diabetes mellitus, and 

some cancers (3-6). Recent animal studies have indicated that some therapeutic 

effects may occur via compositional modulation of the gastrointestinal microbiota (7-

11). In mice and rat models, ginger increased the quantity of many beneficial 

gastrointestinal bacteria (e.g., Lactobacillaceae, Bacteroidaceae, Bifidobacterium 

spp.) and decreased the abundance of potentially pathogenic bacteria (e.g., 

Clostridiaceae, Ruminococcaceae, Desulfovibrionaceae) (7-11). Such changes have 

been associated with improvements to gastrointestinal bacteria metabolites such as 

short chain fatty acids (SCFA) that trigger production of interleukin 22 (IL-22), in host 

immune cells. IL-22 promotes cell survival as well as synthesis of antimicrobials, and 

therefore plays an important role in tissue repair, gastrointestinal barrier function, and 

protection against harmful microbes, and subsequently, has been linked to 

ameliorating colitis in mice (7, 8, 12-15). Ginger-mediated increases in SCFA-

producing bacteria (Alloprevotella and Allobaculum) and decreases in endotoxin-

producing bacteria (Desulfovibrionaceae) have also been found to be beneficial in 

promoting gastrointestinal integrity and the overall health of mice (7-11). 

 

Only one study (6) has examined the effects of ginger on the human gastrointestinal 

microbiota. Non-standardized ginger juice consumption, compared to a sodium 

chloride solution, was associated with increased alpha and beta diversity as well as 
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relative abundance of beneficial Firmicutes, Proteobacteria, Faecalibacterium, and 

Firmicutes:Bacteroidetes ratio in 123 healthy adults (6). The ginger juice also reduced 

the abundance of Saccharibacteria, Thermotogae, Synergistetes, and pro-

inflammatory Ruminococcus_1 and Ruminococcus_2 (6). Although limited by a lack 

of investigator blinding, the use of a non-standardized ginger intervention, an 

uncontrolled background diet and lifestyle, and potential carryover effect with the 

crossover design, this trial establishes a proof-of-concept that ginger can modify the 

gut microbiota (6). Therefore, a well-controlled parallel trial is required to confirm the 

effect of ginger on the gut microbiota and associated outcomes in healthy adults and 

determine if modulation of the gut microbiota is a potential mechanism of action for 

the therapeutic effects of ginger. 

 

Research aim 

To determine the effect of a standardized ginger (Zingiber officinale) root powder, 

compared to placebo, on gastrointestinal bacteria (community composition, alpha and 

beta diversity, differential abundance) and associated outcomes (gastrointestinal 

symptoms, bowel habits, depression, anxiety, stress, fatigue, quality of life) in healthy 

adults. 
 
METHODS 
This double-blind placebo-controlled randomized trial with two parallel arms was 

approved by the Bond University Human Research Ethics Committee (reference: 

MC03293) and prospectively registered with the Australia New Zealand Clinical Trials 

Registry (reference: ACTRN12620000302954p) and the Therapeutic Goods 

Administration (reference: CT-2020-CTN-00380-1). Participants were recruited via 

informed consent. This study was reported according to the Consolidated Standards 

of Reporting Trials (CONSORT) statement (16) and Template for Intervention 

Description and Replication (TIDieR) checklist (17). 

 
Recruitment 
Healthy adults in Southeast Queensland, Australia, were invited to participate via word 

of mouth, social media campaigns, and poster advertisements from March to May 

2020. Participants were screened for eligibility (Table S1) via an online survey. Eligible 

participants were aged 18-30 years with no to mild gastrointestinal symptoms. 
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Participants were excluded if they had any medical condition; routine use of 

medications, drugs, or tobacco; consumed >2 standard alcohol drinks or >5 

caffeinated beverages (coffee or tea) per day; had used antibiotics or had any 

biochemistry abnormalities in the previous six months; had any illness or type of 

dietary restriction in the previous two weeks; or were pregnant or breastfeeding. An 

initial meeting (video- or tele-conference) was conducted with a single investigator to 

confirm eligibility and explain study procedures prior to obtaining consent. Due to lack 

of comparable studies to inform power calculations, a sample size of N=50 was 

chosen based on other diet and gut microbiota trials (18-20). 

 
Randomization and Blinding 
Participants were randomized into intervention and placebo groups with a 1:1 

allocation using a computer-generated code by an independent investigator. To 

ensure blinding, ginger and placebo capsules were over-encapsulated with a non-

gelatin capsule to be identical in appearance by an independent third party 

(Pharmaceutical Packaging Professionals Pty Ltd, Melbourne, Australia). All 

investigators involved in recruitment, implementation, data collection, and analysis 

remained blinded to the allocation until all data collection was completed. Following 

data collection, participants were asked about their perceptions of which group they 

were allocated to evaluate participant blinding. 

 
Test products 
The interventional ginger supplement was a non-synthetic standardized ginger 

(Zingiber officinale) root extract sourced from India and manufactured in the United 

States of America by Bluebonnet Nutrition Corporation, who were not involved in the 

study. This preparation was in capsule form, standardized to contain 21mg (7%) of 

active ingredient per 300mg capsule: 16mg (5%) gingerols and 5mg (2%) shogaols 

(Table S2). High performance liquid chromatography reported elsewhere (21) was 

conducted to confirm quantities and stability of gingerols and shogaols. The placebo 

supplement was also a 300mg capsule filled with 150-200mg of the inert filler 

microcrystalline cellulose. Capsules were provided to participants in a single tinted 

glass bottle with a study-specific label affixed. 
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Run-in period 
Participants were advised to follow a 1-week run-in period to stabilize usual diet and 

minimize sources of variation. Run-in conditions were: no medications unless 

medically-required for unforeseen reasons; no ginger or ginger-containing products of 

any amount; no probiotics or probiotic-containing supplements, foods, or drinks of any 

amount; no tobacco of any amount; ≤2 caffeinated beverages (coffees or teas) per 

day; ≤2 standard alcoholic drinks (i.e., (≤20 g alcohol) per day; no artificial sweeteners 

or artificial sweetener-containing foods and beverages of any amount; maintenance of 

regular diet, exercise, and sleep patterns. Participants were encouraged to maintain 

current weight. 

 

These conditions were explained, and an information sheet was provided for 

guidance. Adherence to the run-in period was assessed via questions to determine 

whether the participant progressed to the intervention phase of the study, sent via 

SMS from a study specific mobile phone. If non-adherent to the run-in conditions, 

participants were invited to repeat the run-in period prior to the treatment period.  

 

Supplementation regimen 
Participants were prescribed a regimen of four capsules per day for 14-days: two 

capsules twice daily (morning and night) with food. Run-in conditions were maintained 

for the duration of the supplementation period. If run-in conditions were breached 

during the treatment period, participants were not withdrawn from the study. For the 

intervention group, this regimen prescribed 84mg active ingredients in total (64mg 

gingerols, 20mg shogaols). The dosing regimen and gingerol/shogaol concentration 

was based on pharmacokinetic studies that showed beneficial effects and no adverse 

events (22) and was consistent with previous pilot data showing beneficial clinical 

effects (23). The dosing regimen aimed to maintain a peak serum concentration of 

ginger compounds (24), acknowledging that ginger has a short elimination half-life 

(22). For the placebo group, although cellulose is considered a prebiotic that may 

affect gastrointestinal microbiota, the total daily dose of microcrystalline cellulose was 

600-800mg, which is not believed to be adequate to render significant effects (25). A 

total of 56 capsules were consumed during the treatment period. 
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Adherence to the supplement regimen was assessed via collection of the supplement 

bottles and capsule counting. Under-consumption was classified as <90% consumed 

and over-consumption was classified as 100% capsules consumed prior to Day 14 of 

the intervention.  

 

Outcomes 
The primary outcomes were those pertaining to gastrointestinal bacteria: bacteria 

community composition, alpha and beta diversity, and differential abundance. 

Community composition was defined as the relative abundance of bacteria in each 

phylum and genera, reported as percentages. Alpha diversity indices summarize the 

structure of gastrointestinal bacteria communities within samples and was represented 

as inverse Simpson index, whereby higher values represent greater diversity (26). 

Beta diversity, representing the variability in bacteria community composition between 

samples, was measured using the unweighted UniFrac distance, Bray Curtis, and 

Jaccard. Differential abundance identified differences in abundances of individual taxa 

between groups. No minimal clinically important differences have been established for 

bacteria community composition, alpha and beta diversity, nor differential abundance. 

 

Secondary gastrointestinal-related outcomes were bowel function, gastrointestinal 

symptoms, depression, anxiety, stress, fatigue, and quality of life. Participant 

adherence to the run-in and treatment periods, attrition, and adverse events were 

measured to evaluate feasibility and safety. 

 

Data Collection  
Outcomes were assessed at baseline (day -7) (T0), at the end of the one-week run-in 

period and prior the two-week intervention period (day 0) (T1), at the end of the 

intervention period (day 13 or 14) (T2), and within one week of intervention completion 

(day 15 to 21) (T3). Multiple days were provided for each timepoint to allow for 

variations in bowel movement frequency. 

 

Stool sample collection 

Stool samples were collected at T1 and T2 via a take-home sample collection kit, with 

instructions. Fecal samples were collected via Copan Active Dry-short FLOQSwabs, 

which remained stable at room temperature up to 30-days after use. Participants were 
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advised to store the samples in a cool, dry, and dark place in their home until returning 

both kits to the investigator, after which they were stored at −80°C until all study 

samples were returned. 

 

Gastrointestinal-related health outcomes 

Secondary outcomes were measured using valid and reliable tools via online surveys 

delivered by Survey Monkey software. Bowel function was assessed daily during the 

run-in and treatment periods by recording: 1) number of bowel movements per day, 2) 

stool consistency using the Bristol Stool Form Scale (range: Type 1 [firmest, indicative 

of constipation] to Type 7 [softest, indicative of diarrhea] (27, 28). Gastrointestinal tract 

symptoms were measured at T1 and T3 using the 14-item Gastrointestinal Symptom 

Rating Scale (GSRS) which referred to symptoms experienced over the past 7-days 

(29-31). Each item of the GSRS is measured on a 7-point Likert scale. The total 

average score and subscale scores for reflux, indigestion, diarrhea, constipation, and 

abdominal pain or discomfort ranged from 1 (no discomfort) to 7 (very severe 

discomfort) (29-31). Minimal clinically important differences have been estimated as 

0.8 for reflux, 0.7 for indigestion, 0.4 for diarrhea, 0.7 for constipation, and 0.6 for 

abdominal pain subscales (32). 

 

Depression, anxiety, and stress symptoms were measured using subscales of the 

Depression Anxiety Stress Scale Short Form (DASS)-21 (subscale score range: 0-21) 

at T1 and T2 (33, 34). Fatigue was measured using the Multidimensional Fatigue 

Inventory (MFI; score range: 20-100) at T1 and T2 (35, 36). Health-related quality of 

life was measured using the EQ-5D-5L (score range: 5-25) at T1 and T2 (37, 38). The 

EQ-5D-5L also used a visual analogue scale (VAS) to record self-rated health on a 

scale of 0 (worst health you can imagine) to 100 (best health you can imagine) (37). 

For DASS-21, MFI, and EQ-5D-5L, higher scores indicated worse symptoms or quality 

of life (29, 33, 35, 37). Minimal clinically important differences were five points for 

depression, stress, and anxiety subscales (39), 4.5 points for fatigue (40), 0.1 points 

for quality of life score, and seven points for quality of life VAS rating (41, 42). 

 

Adverse events  

Adverse events were reported by participants via a daily adherence checklist during 

the run-in and treatment periods and classified according to the National Institute of 
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Health Adverse Event and Serious Adverse Event Guidelines (43). Adverse events 

were rated according to severity (mild, moderate, or severe), expectedness 

(unexpected or expected), and relatedness to the study (not related, possibly related, 

or definitely related).  

 

Adherence to dietary and lifestyle conditions 

To assess adherence to the dietary and lifestyle conditions during the intervention 

period, physical activity, sleep, and dietary patterns were measured at T1 and T2. 

Intake of dietary fiber (g/day), protein (g/day), total fatty acids (g/day), carbohydrate 

(g/day), energy (kJ/day), and total fluid (mL/day) was assessed using the validated 

Automated Self-Administered 24-Hour Dietary Assessment Tool (ASA24) (44) at the 

time of fecal swab sample collection (T1 and T2). The International Physical Activity 

Questionnaires self-administered short version (IPAQ-S) (45) calculated metabolic 

equivalents (MET) using the following equation: ([8 x minutes vigorous exercise x days 

spent doing vigorous exercise] + [4 x minutes moderate exercise x days spent doing 

moderate exercise] + [3.3 x minutes walking x days spent doing walking]). Physical 

activity levels were then categorized as high, moderate, or low depending on several 

criteria (45). The Pittsburgh Sleep Quality Index (PSQI) (46) generated a global score, 

whereby ≥5/21 indicated a ‘poor sleeper’ and <5/21 indicated a ‘good sleeper’. Body 

weight and height were self-reported at T0 to calculate body mass index (BMI; kg/m2) 

and weight gain or loss during the intervention period was self-reported at T2. 

 
Gastrointestinal bacteria analysis  
Gastrointestinal bacteria outcomes were analyzed using 16S rRNA sequencing of 

fecal samples. The null hypothesis for all tests was no difference in change scores or 

incidence rates between groups (ginger versus placebo). 

 

Library preparation and Illumina sequencing of the 16S rRNA gene 

DNA extraction was conducted by an independent laboratory (Garvan Institute, 

Sydney, Australia). DNA was extracted from 15-20 μL of sample at a final 

concentration of 5-10ng/μL. The process of DNA extraction followed the usual 

workflow of column-based DNA clean-ups, whereby DNA was bound to silica 

membranes in a high salt solution, washed with an ethanol-based wash buffer, and 

eluted in low salt conditions. 
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The V4 region of the 16S rRNA gene (~254bp) was amplified by PCR using the 515F-

806R primers as described in Ul-Hasan et al (47). The V4 region was chosen as it is 

widely used in human gastrointestinal bacteria studies (48-52). Sequencing of the 16S 

rRNA gene was conducted by a second independent laboratory (Ramaciottti Centre 

for Genomics, Sydney, Australia). Each PCR reaction comprised 10µL of Platinum Hot 

Start PCR Master Mix 2x (ThermoFisher), 0.5µL of forward primer (10 µM), 0.5µL of 

reverse primer (10 µM), 1µL of template DNA, and was made up to 25µL using PCR-

grade water. Illumina adapter sequences and dual-index sequencing primers were 

added to the amplicon target, amplicons were quantified using the Quant-iT PicoGreen 

dsDNA Assay Kit (ThermoFisher/Invitroge), and the amplicon pool was cleaned using 

the UltraClean PCR Clean-Up Kit (MoBio), according to manufacturer’s instructions. 

The library pool was sequenced on the MiSeq using a MiSeq Reagent Kit v2 with a 

2x250 bp run format, using default run parameters including adaptor trimming 

(Illumina, Inc.; San Diego, CA).  

 

Bioinformatic analysis 

Raw paired reads were processed using the MiSeq standard operating procedure 

(SOP) version 1.42.3 developed by Kozich and colleagues (53) in mothur software 

v1.44.3 (54). The MiSeq SOP is summarized in Figure S1. In brief, reads were 

assigned to samples and the quality of samples was improved by removing sequences 

with ambiguous bases or reads greater than 275 bp and merging duplicate sequences. 

The sequences were trimmed at both ends to retain only those with a length between 

251 and 275 bp. Samples with homopolymers of greater than 8 bp were removed. 

Chimeric sequences were also removed using the chimera.vsearch command (55). 

Sequences were then aligned to the reference database, SILVA database 138.1 (56). 

Lineages not targeted specifically by the primer set were removed, including 

Chloroplast, Eukaryota, Mitochondria, and unknown. Sequences were grouped into 

OTUs based on 97% similarity using the OptiClust algorithm (57). 

 

Statistical analysis of beta diversity 

Downstream intention-to-treat analysis was conducted with files generated from 

mothur using R Software (version 4.1.0, 2021). The R Code used for analyses is 

presented in Supplementary Methods 1. Rarefaction determined whether the samples 
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were adequately sequenced. Using R Software as per the vegan R Package tutorial 

developed by Schloss (https://riffomonas.org/code_club/2021-03-18-vegan), beta 

diversity was conducted using both distance-matrix (Bray Curtis and Jaccard) and 

phylogeny-based approaches (weighted and unweighted Unifrac distance). The null 

hypothesis was no difference between ginger and placebo groups (p>0.05), quantified 

using the permutational multivariate analysis of variance (PERMANOVA) using the 

adonis2 function from the vegan package (58, 59).  

 

Statistical analysis of differential abundance 

The change in differential abundance of taxa from pre-intervention was conducted 

using the Analysis of Compositions of Microbiomes with Bias Correction (ANCOM-BC) 

package (60). Log fold change plots were generated using the ggplot2 package. The 

null hypothesis was no difference between ginger and placebo groups (p>0.05).  

 

Analysis of other outcomes 
Intention-to-treat analysis was conducted on bacteria community composition, alpha 

diversity, and secondary outcomes using multiple imputation with SPSS software [IBM 

SPSS Statistics for Macintosh, Version 28.0.1, 2021]. Parametric data were described 

as means and standard deviations, non-parametric data were presented as medians 

and ranges, and categorical data were described as counts and percentages. 

Normality was determined by the Shapiro–Wilk test (p>0.05), skewness and kurtosis 

statistic values (<1.0 or -1.0), as well as inspection of Q-Q Plots and histogram 

distributions. Outcomes were analyzed as differences in change scores from pre-

intervention between the ginger and placebo groups using chi-square tests for 

categorical variables and independent t-tests for continuous variables. Student t-tests 

were used, except when Levene’s test found sufficient evidence against the null 

hypothesis of equal variance, whereby Welch’s t-test was used. Alternatively, Mann 

Whitney U tests were conducted on non-parametric data as a comparison of median 

values, unless distributions between groups were dissimilar, whereby comparison of 

mean ranks were used. Eta squared (η2) was the standardized effect size used, 

whereby 0.01 represented a small effect, 0.06 a medium effect, and 0.14 a large effect 

(61). The null hypothesis was no difference in secondary outcomes between ginger 

and placebo groups (p>0.05). Where sufficient evidence was found against the null 

hypothesis, subgroup analyses were conducted to explore the effects of potentially 

https://riffomonas.org/code_club/2021-03-18-vegan
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confounding variables that have been shown to influence gastrointestinal bacteria (62-

66) (BMI [normal vs. underweight/overweight/obese]; age [18- ≤23 vs. >23-30 years]; 

sex [male vs. female]; physical activity level [low vs. moderate/high]; sleep [good vs. 

poor sleeper]; and intakes of dietary fiber [<30 vs. ≥30 g/day], protein [<90 vs. ≥90 

g/day], total fatty acids [<100 vs. ≥100 g/day], carbohydrate [<200 vs. ≥200 g/day], 

energy [<9000 vs. ≥9000 kJ/day], and total fluid [<2000 vs. ≥2000 mL/day]).  

 
RESULTS 
Of the 1,146 participants who completed the eligibility screening survey, 116 

individuals met eligibility criteria, of whom 51 were enrolled in the study (71% female; 

mean age 25 [SD: 3] years; Figure 1). Of those enrolled, n=29 (57%) participants were 

randomized to the ginger group and n=22 (43%) to the placebo group. Five 

participants withdrew prior to baseline and one participant withdrew during the 

treatment period (placebo group: n=4 [18%]; ginger group: n=2 [7%]). 

 

 



Chapter 6.3 Effect of Ginger on Gastrointestinal Bacteria: A RCT 
 

275 
 

  
Figure 1. CONSORT (Consolidated Standards of Reporting Trials) Flow Diagram 

outlining selection of participants for the trial assessing the effect of ginger 

supplementation compared to placebo. 

 

The two groups were generally comparable (Table 1); however, the ginger group had 

fewer overweight or obese participants (21% versus 32%, p=0.518) and clinically 

meaningful lower intakes of protein and dietary fiber; but the differences were not 

statistically significant. 
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Table 1. Baseline characteristics of enrolled participants. 
 Ginger Group 

(n=29) 
Placebo Group 
(n=22) 

P value 

Gender  
Female 20 (69%) 17 (77%) 0.537 
Age  
Mean ± SD years 25.1 ± 3.17 24.8 ± 3.51 0.720 
BMI category  
Underweight (<18.5 kg/m2) 1 (3%) 0 (0%) 0.207 
Normal (18.5-24.9 kg/m2) 22 (76%) 15 (68%) 
Pre-obesity (25-29.9 kg/m2) 4 (14%) 6 (27%) 
Obese class I (30-34.9 
kg/m2) 

2 (7%) 1 (5%) 

Highest level of education  
Secondary 4 (14%) 3 (14%) 0.686 
Post-secondary certificate 3 (10%) 4 (18%) 
Tertiary 22 (76%) 15 (68%) 
Occupation  
Healthcare  8 (28%) 3 (14%) 0.719 
Clerical or retail 7 (24%) 6 (28%) 
Academia 2 (7%) 2 (9%) 
Other 2 (6%) 5 (23%) 
No paid employment 10 (35%) 6 (26%) 
Continent of birth  
Australia 19 (66%) 15 (68%) 0.511 
Americas 4 (14%) 2 (9%) 
Europe 1 (3%) 2 (9%) 
Asia 3 (10%) 3 (14%) 
Africa 2 (7%) 0 (0%) 
Ethnicity  
Caucasian 21 (73%) 16 (73%) 0.422 
Latin American 1 (3%) 2 (9%) 
Asian 5 (17%) 4 (18%) 
African 2 (7%) 0 (0%) 
Daily additional supplement use during study a  
Yes 7 (24%) 8 (36%) 0.363 
Medical history  
Any medical history  8 (28%) 7 (32%) 0.762 
History of allergies 3 (10%) 2 (9%) 0.638 
Physical activity level via IPAQ-S  
Low 3 (10%) 4 (18%) 0.802 
Moderate 13 (45%) 8 (37%) 
High 13 (45%) 10 (45%) 
Sleep score via PSQI  
Bad sleeper 11 (38%) 11 (50%) 0.518 
Good sleeper 18 (62%) 11 (50%) 
Dietary intake  
Energy (kJ/day) 8700 ± 2800 9800 ± 3600 0.263 
Total fatty acids (g/day) 90 ± 35 100 ± 50 0.310 
Protein (g/day) 90 ± 30 120 ± 65 0.120 
Carbohydrate (g/day) 215 ± 100 245 ± 155 0.500 
Dietary fiber (g/day) 30 ± 15 45 ± 30 0.081 
Fluid (mL/day) 3100 ± 1800 2600 ± 1500 0.386 

BMI: body mass index; g: grams; IPAQ-S, International Physical Activity Questionnaires self-

administered short version; kJ: kilojoule; mL: milliliter; PSQI, Pittsburgh Sleep Quality Index; SD: 

standard deviation. a Supplements specified in Table S3. 
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Gastrointestinal bacteria 
A total of n=89 fecal samples were analyzed (n=44 (86%) of participants gave 

repeated fecal samples; Figure 1). Rarefaction analysis showed that sample coverage 

was >99% for all samples, indicating good sampling coverage. 

 

Bacterial community composition 

Nine bacteria phyla were identified, with the top four most prevalent (relative 

abundance >1%) being Firmicutes, Bacteroidetes, Proteobacteria, and then 

Actinobacteria (Figure 2). A greater increase in relative abundance of Actinobacteria 

was observed from before to after ginger supplementation compared to placebo (U: 

145.0; Z: -2.1; p=0.033). Subgroup analyses revealed that the positive effects of ginger 

on Actinobacteria were only observed in participants who were in the healthy BMI 

category (U: 57.0; Z: -2.7; p<0.001; n=14 participants [ginger: n=7, placebo: n=7]) or 

had higher intakes of protein (≥90g/day; U: 0.5; Z: -2.5; p=0.013; n=24 participants 

[ginger: n=13, placebo: n=11]). No differences in relative abundance of other bacteria 

phyla nor genera were observed between groups or in Firmicutes:Bacteroidetes ratio 

(p>0.05). 

  
Figure 2. Relative abundances of bacterial composition at phylum level in ginger and 

placebo groups pre-intervention (T1) and post-intervention (T2). 
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Alpha and beta diversity 

There was no difference between ginger and placebo groups in gastrointestinal 

bacteria alpha diversity change scores from before the intervention, as measured by 

mean scaled Inverse Simpson index (MD: 0.0; 95% CI: 0.0 to 0.1; p=0.498; Figure 3). 

There were no differences between groups in beta diversity using either distance- or 

phylogeny-based approaches, adjusting for pre-intervention diversity (p>0.05).  

 

 
* Within-group p values. Between group p value: 0.498 

 
Figure 3. Gastrointestinal bacteria alpha diversity in ginger and placebo groups pre-

intervention (T1) and post-intervention (T2). 

 

Differential abundance  

The differential abundance analysis of taxa, adjusting for pre-intervention abundance, 

found a greater abundance of Parabacteroides, Bacillus, Ruminococcaceae incertae 

sedis, unclassified Bacilli, Defluviitaleaceae, Morganellaceae, and Bacillaceae as well 

as lower abundance of Blautia and Sphingomonadaceae after ginger supplementation 

compared to the placebo (p<0.05; Figure 4).  

 

* 

* 
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Figure 4.  Differential abundance analysis plots of changes from pre-intervention in 

gastrointestinal bacteria taxa where evidence against the null hypothesis was found 

between ginger and placebo groups (p<0.05). 

 

Gastrointestinal-related health outcomes 

Participants in the ginger group, compared to placebo group, had a greater reduction 

in change scores from pre-intervention (T2-T1) for the GSRS indigestion subscale 

score, which included items relating to stomach rumbling, bloating, burping, and 

passing gas (U: 196.0; Z: -2.4; effect size: 0.12 (medium); p=0.015; Table 2). However, 

this change was not considered clinically meaningful. Subgroup analysis found that 

the positive effect of ginger on indigestion symptoms was only seen in participants 

who were not in the healthy BMI category (U: 4.0; Z: -2.4; p=0.017; n=13 participants 

[ginger: n=6, placebo: n=7]). There was no clinically significant effect and insufficient 

evidence to reject the null hypothesis for the comparison of change in other secondary 

outcomes between ginger and placebo groups (Table 2).
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Table 2. Effects of ginger supplementation compared to placebo on secondary clinical outcomes related to gastrointestinal 

bacteria. 

 Ginger Placebo Between-Group Difference 

 T1 T2 Difference T1 T2 Difference MD 95% 
CI 

 η2 U Z p 

Depression 
Range 0-21, higher scores=more depression 

1.5  
(0.0-14.0) 

0.0  
(0.0-12.0) 

0.0  
(-4.0-2.0) 

2.0  
(0.0-12.0) 

2.0  
(0.0-10.0) 

-0.5  
(-10.0-4.0) 

- - 0.01 290.5 -0.6 0.570 

Stress 
Range 0-21, higher scores=more stress 

6.0  
(0.0-16.0) 

2.0  
(0.0-24.0) 

-1.0  
(-10.0-18.0) 

7.0  
(0.0-18.0) 

4.0  
(0.0-16.0) 

-2.5  
(-8.0-4.0) 

- - 0.02 266.0 -1.0 0.304 

Anxiety  
Range 0-21, higher scores=more anxiety 

2.0  
(0.0-8.0) 

0.0  
(0.0-4.0) 

-1.0  
(-6.0-2.0) 

0.0  
(0.0-14.0) 

1.0  
(0.0-6.0) 

0.0  
(-8.0-2.0) 

- - 0.01 286.0 -0.7 0.511 

Fatigue 
Range 20-100, higher scores=more fatigue 

43.8  
(SD: 13.3) 

39.0 
(SD: 11.7) 

-3.1  
(SD: 5.7) 

44.6  
(SD: 9.3) 

40.6  
(SD: 7.0) 

-3.2  
SD: 4.7) 

0.1 -2.9, 
3.1 

0.00 - - 0.953 

QoL – Score 
Range 5-25, higher scores=poorer QoL 

5.0  
(5.0-9.0) 

5.0 ( 
5.0-8.0) 

0.0  
(-1.0-1.0) 

6.0  
(5.0-10.0) 

5.5  
(5.0-7.0) 

0.0  
(-3.0-0.0) 

- - 0.03 262.0 -1.3 0.205 

QoL – Rating 
Range 0-100, higher scores=better QoL 

85  
(60-100) 

83 ( 
60-100) 

0.0  
(-14.0-20.0) 

83  
(63-95) 

86  
(65-95) 

1.0  
(-15.0-10.0) 

- - 0.05 235.0 -1.6 0.106 

Bowel habits – Number of bowel movements 
per day  

1.3  
(1.0-2.0) 

1.3  
(0.8-2.4) 

0.0  
(-0.3-0.6) 

1.1  
(0.6-3.3) 

1.4  
(0.9-2.4) 

0.2  
(-0.9-0.6) 

- - 0.02 262.5 -1.1 0.279 

Bowel habits – Stool consistency 
Score range 1-7, higher scores = looser stools, 
type 4 optimal 

4.0  
(2.3-5.4) 

3.8  
(2.4-5.0) 

0.0  
(-0.3-0.6) 

3.4  
(2.2-4.9) 

4.0  
(2.4-5.0) 

0.1  
(-0.9-0.6) 

- - 0.01 294.0 -0.5 0.632 

Gastrointestinal symptom score – Average 
Range 1-7, higher scores=more symptoms 

1.2  
(1.0-2.8) 

1.2  
(1.0-2.1) 

0.0  
(-0.8-0.4) 

1.2  
(1.0-2.2) 

1.2  
(1.0-1.8) 

0.0  
(-0.5-0.5) 

- - 0.01 287.0 -0.6 0.537 

Reflux score 
Range 1-7, higher scores=more symptoms 

1.0  
(1.0-1.5) 

1.0  
(1.0-2.0) 

0.0  
(-0.5-1.0) 

1.0  
(1.0-2.5) 

1.0  
(1.0-2.0) 

0.0  
(-0.5-0.5) 

- - 0.01 297.5 -0.5 0.647 

Abdominal pain score 
Range 1-7, higher scores=more symptoms 

1.0  
(1.0-4.0) 

1.0  
(1.0-3.0) 

0.0  
(-1.0-0.3) 

1.2  
(1.0-2.7) 

1.0  
(1.0-1.7) 

0.0  
(-1.7-0.7) 

- - 0.04 247.0 -1.4 0.150 

Indigestion score 
Range 1-7, higher scores=more symptoms 

1.3  
(1.0-3.3) 

1.0  
(1.0-2.0) 

0.0  
(-1.3-0.5) 

1.2  
(1.0-3.0) 

1.4  
(1.0-2.8) 

0.0  
(-0.7-1.8) 

- - 0.12 196.0 -2.4 0.015 

Diarrhoea score 
Range 1-7, higher scores=more symptoms 

1.0  
(1.0-3.0) 

1.0  
(1.0-2.7) 

0.0  
(-1.3-0.5) 

1.0  
(1.0-2.0) 

1.3  
(1.0-1.7) 

0.0  
(-0.5-0.3) 

- - 0.03 262.0 -1.2 0.239 

Constipation score 
Range 1-7, higher scores=more symptoms 

1.0  
(1.0-2.3) 

1.0  
(1.0-4.3) 

0.0  
(-0.7-2.0) 

1.3  
(1.0-2.0) 

1.0  
(1.0-2.3) 

0.0  
(-1.0-1.0) 

- - 0.01 287.5 -0.6 0.532 
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η2: Eta squared (standardized effect size measure; 0.01: small effect, 0.06: medium effect, 0.14: large effect); QoL QoL: quality of life; T1: timepoint 1 (at the 
end of the one-week run-in period and prior the two-week intervention period; day 0); T2: Timepoint 2 (at the end of the intervention period; day 13 or 14); 
Parametric data is reported as mean and standard deviation and analysed using independent t tests. Non-parametric data is reported as median and range 
and analysed using Mann Whitney U tests.
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Adverse events 

There were no moderate or severe adverse events reported (Table S4). There 

were eight mild adverse events possibly related to the intervention (ginger group: 

n=6; placebo group: n=2). These included heartburn (n=5 in ginger group), firmer 

stool (n=1 in ginger group), bloating (n=1 in placebo group), and feeling unwell 

after ingesting the supplements (n=1 in placebo group). The most common 

reported symptom of heartburn was resolved in all five cases when advised to 

consume study supplements with food. 

 

Participant adherence 
All participants were compliant to dietary and lifestyle factors during the run-in 

period prior to commencing the intervention; and no participants were required to 

repeat the run-in period prior to the treatment period. Participants adhered to 

maintaining usual coffee or tea and alcohol intakes (p>0.05; Table S5) and self-

reported no change in physical activity, sleep, dietary patterns, and body weight.  

 

During the treatment period, there was no difference between groups in the mean 

adherence rate to dietary and lifestyle conditions (ginger group: 94 [SD: 18] % 

versus placebo group: 95 [SD: 11] %; p=0.649). Participants adhered to 

maintaining usual physical activity, sleep, and dietary patterns, evident by no 

changes within or between groups in physical activity MET minutes per week, 

sleep score, and intake of energy, fat, protein, carbohydrate, dietary fiber, fluid, 

coffee or tea, and alcohol (p>0.05; Table S5). Participants self-reported no weight 

gain or loss during the treatment period. 

 

There was no difference between groups in the mean adherence rate to the 

consumption of study supplements (ginger: 91 [SD: 15] % versus placebo: 84 

[SD: 17] %; p=0.174). No between-group differences were found for the mean 

number of days the study supplements were consumed prior to conducting the 

second fecal swab (ginger: 13 [SD: 2] days; placebo: 12 [SD: 2] days; p=0.142). 
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Participant blinding 
A higher number of participants in the ginger group correctly identified their group 

allocation (ginger group: n=17 [63%] versus placebo group: n=4 [22%] correct 

guesses; p=0.014). Participants correctly identified ginger allocation for one or 

more of the following reasons: ginger tasting burps (n=10), heartburn (n=5), 

ginger taste (n=4), and firmer stool (n=1). The reason for correctly identifying 

placebo allocation was due to no noticeable health effects during the intervention 

(n=4). An additional four participants that were allocated placebo thought they 

were allocated ginger due to bloating after supplement intake (n=1), feeling 

unwell after supplement intake (n=1), return of menstrual cycle during the 

treatment period following amenorrhea (n=1), and improvement in menstrual pain 

during the treatment period (n=1). The remaining n=26 participants were unsure 

of their group allocation (ginger: n=12 [41%]; placebo group: n=14 [64%]). 

 
DISCUSSION 
This randomized controlled trial was the first to explore the effect of a 

standardized ginger root supplement (84mg/day of active gingerols/shogaols) for 

14-days on the gastrointestinal bacteria of healthy adults, finding mostly 

beneficial alterations in bacteria composition. In comparison to placebo, there 

was sufficient evidence against the null hypothesis to confirm that ginger root 

increased the relative abundance of beneficial phylum, Actinobacteria, potentially 

therapeutic genera, Parabacteroides, Bacillus, Ruminococcaceae incertae sedis, 

unclassified Bacilli, families Defluviitaleaceae, Morganellaceae, and Bacillaceae, 

as well as lower abundance of the genus Blautia and family Sphingomonadaceae 

that have both beneficial and pathogenic potential. Furthermore, this trial found 

that ginger supplementation was associated with improvements in indigestion. 

However, the minor effect on indigestion was not clinically meaningful, likely due 

to the healthy participants having low baseline gastrointestinal symptoms, 

thereby restricting the potential for a larger effect size.   
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Findings of this study did not overlap with those reported by Wang and 

Colleagues (6), who found ginger juice was associated with significantly 

increased alpha and beta diversity, and relative abundance of beneficial 

Firmicutes, Proteobacteria, Faecalibacterium, and Firmicutes:Bacteroidetes 

ratio, as well as reduced abundance of Saccharibacteria, Thermotogae, 

Synergistetes, and pro-inflammatory Ruminococcus_1 and Ruminococcus_2 (6). 

Findings of this study may have differed due to the type of ginger intervention, 

whereby Wang and Colleagues (6) administered 20mL/day of juice with the 

equivalent of 30g of fresh ginger, which was not standardized to contain known 

bioactive ginger constituents, and thus likely varied between participants. 

Furthermore, Wang and Colleagues (6) conducted 16S rRNA gene analysis of a 

different gene region (the V3/V4 region), which used different primer pairs (338F-

806R) that are known to influence sequencing outcomes (67). Other differences 

in methods that could account for contrasting findings include shorter intervention 

duration (seven days), use of sodium chloride solution as the control, and 

different population group (participants living in China) (6, 68). Lastly, Wang and 

Colleagues (6) only included participants in the healthy BMI range of 18.5-

23.9kg/m2. Thus, the inclusion of underweight and overweight participants in this 

study may have led to differing responses of gastrointestinal bacteria to ginger, 

evident with subgroup analysis for Actinobacteria (64). 

 

This study found ginger root powder increased Actinobacteria that have many 

beneficial effects. Actinobacteria have a positive influence on the production of 

tryptophan and functioning of the gut-brain axis (69-71). They also have SCFA-

producing properties, and thus play a role in maintaining intestinal epithelial cell 

turnover, barrier function, and immunological responses, and exert anti-

inflammatory effects (72-74). Therefore, Actinobacteria have been found to have 

a therapeutic role in many gastrointestinal conditions, such as inflammatory 

bowel disease, irritable bowel syndrome, constipation, diarrhea, and colorectal 

cancer, as well as extra-intestinal conditions, such as non-alcoholic 



Chapter 6.3 Effect of Ginger on Gastrointestinal Bacteria: A RCT 
 

 

 

285 

steatohepatitis, respiratory issues, psoriasis, chronic fatigue syndrome, 

depression, and cognitive decline (72).  

 

Our results identified between-group differences in bacteria of the Firmicutes 

phylum, from either the Bacilli class (increased Bacillaceae, unclassified Bacilli, 

Bacillus) or Clostridia class (increased Defluviitaleaceae, Ruminococcaceae 

incertae sedis; decreased Blautia). Bacilli are an important class of bacteriocin-

producing bacteria with broad antimicrobial spectrum to inhibit pathogenic 

bacteria and fungi as well as secrete proteases, amylases, cellulases, and lipases 

to aid digestion of food (75, 76). Bacillus species are commonly used in 

commercial probiotic formulations and have shown benefits for the prevention 

and/or treatment of gastrointestinal conditions, including diarrhea, colitis, irritable 

bowel syndrome, and colorectal cancer (75, 77-80). Clostridia contribute to a 

large proportion of the bacteria in the large intestine, with most species being 

commensals that render beneficial effects, particularly on immune system 

functioning (81, 82). Furthermore, Clostridia generate biologically active 

catecholamines, norepinephrine and dopamine, which regulate cognitive 

function, mood, gastrointestinal motility, and water absorption of the intestine (82, 

83). While a 5-9 fold increase in abundance of Defluviitaleaceae and 

Ruminococcaceae incertae sedis from the Clostridia class was seen with ginger 

supplementation in this study, Blautia decreased 75 times. Blautia are generally 

considered beneficial bacteria with antimicrobial and anti-inflammatory properties 

and have been shown to be decreased in obesity; however, a comprehensive 

understanding of this genus is lacking (84). On the other hand, some species of 

Blautia facilitate biotransformation of bile acids to secondary bile acids (lithocholic 

acid and deoxycholic acid), carcinogens found in higher concentrations in people 

with ulcerative colitis and intestinal cancer (84, 85). Therefore, the decrease in 

abundance of Blautia may have both positive and negative effects. 

 

The effect of ginger root powder on two families of Proteobacteria has unknown 

clinical significance as the specific roles of Morganellaceae and 
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Sphingomonadaceae are not yet well understood. However, Proteobacteria are 

known to comprise several known human pathogens (86). Proteobacteria have 

been shown to promote inflammation and be increased in abundance in 

metabolic disorders, inflammatory bowel disease, and lung disease, thus favoring 

the effect of ginger on decreasing abundance of Sphingomonadaceae (86, 87).  

 

Study limitations 
The depth of findings of this study were limited to genus in this 16S rRNA 

analysis. Within any particular genus there may be hundreds of species, some of 

which may be linked to potential pathologies while others may be beneficial or 

neutral. Thus, this trial was limited to investigating broad shifts in gastrointestinal 

bacteria populations. Though not specific to this study, it should be acknowledged 

that the assumption that >95% identity indicates the same genus and >97% 

identity indicates the same species has been challenged (88). Despite 

randomization, clinically meaningful between-group differences were seen in 

BMI, protein intake, and dietary fiber intake, which influenced some findings. It is 

also possible that the dose and duration of ginger root powder supplementation 

was not adequate to produce clinically or statistically meaningful results for some 

outcomes, particularly alpha- and beta-diversity and secondary outcomes. 

Further, secondary outcomes may be modifiable in samples with health 

conditions related to gut health rather than healthy samples with no symptoms at 

baseline. Cellulose that was used as the placebo in this trial is considered a 

prebiotic that can positively influence gastrointestinal microbiota and metabolites 

(25, 89). However, the total daily dose of microcrystalline cellulose used in this 

study was 600-800mg, which is not believed to be adequate to render significant 

effects (25). Lastly, it must be acknowledged that the findings may be limited in 

generalizability due to known differences in microbiota profiles with age, health 

status, weight, and ethnicity (64, 66, 90, 91). 
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Implications for further research 
The results of this trial justify the investment of further resources to explore the 

effects of ginger on gastrointestinal bacteria species and strains as well as their 

metabolites and other gastrointestinal microbiota, such as viruses, fungi, and 

single-celled organisms. Whole genome sequencing would enable a deeper 

understanding of the effects of ginger on the functional roles of the 

gastrointestinal microbiota. Specifically, it would be useful to conduct whole 

genome sequencing in conjunction with measuring SCFAs to better understand 

the anti-inflammatory properties of ginger. Novel trials should ensure sample 

sizes are sufficient to enable the inclusion of multiple confounding variables in 

models and include populations with health conditions (6, 92). Health conditions 

of particular interest are those with involvement of the microbiota or inflammation, 

such as inflammatory bowel disease or colorectal cancer, or those receiving a 

treatment that negatively impacts gut health including chemotherapy and 

antibiotics (72). Such trials might highlight additional disease-specific changes to 

gastrointestinal microbiota that were not seen in healthy participants (13, 93). 

Trials should also consider how the effects on gastrointestinal microbiota 

correlate with clinical outcomes to confirm whether ginger-mediated microbiota 

changes are an underlying mechanism for the therapeutic effects of ginger. 

 
CONCLUSION 
Compared to placebo, a 14-day ginger root powder intervention was safe and 

beneficially altered aspects of the gastrointestinal bacteria composition; however, 

did not change alpha- or beta-diversity, bowel function, gastrointestinal 

symptoms, mood, or quality of life in healthy adults. Future well-powered 

randomized placebo-controlled trials using standardized ginger formulations and 

whole genome sequencing are needed to explore ginger-mediated effects on the 

gastrointestinal microbiota in both healthy samples and samples with 

gastrointestinal-related medical conditions.  
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7.1 SUMMARY OF NOVEL CONTRIBUTIONS TO THE LITERATURE 

This thesis has made a valuable contribution to the evidence on the use of dietary 

strategies, particularly ginger, for preventing and managing CINV and related 

outcomes. Chapters two through six have each made novel contributions to the 

literature and were supported by dissemination activities (beyond publication) to aid 

translation to practice, such as presentations at conferences and local health services.  

7.1.1. Chapter 2: Dietary strategies for chemotherapy-induced nausea and 
vomiting 

Chapter overview 

This thesis began by updating the PEN practice guidelines used by dietitians and like-

minded health professionals internationally for advising people with cancer on the 

dietary management of cancer-related nausea and vomiting. This chapter also 

presented a systematic review synthesising available evidence on the adjuvant non-

nutraceutical dietary strategies for CINV.  

Novel contributions to the literature 

• Updated PEN guidelines to guide evidence-based practice, finding best 

evidence for ginger supplementation administered as a natural complement to 

antiemetic medications. 

• The world’s first systematic review to: 

o examine the efficacy of non-nutraceutical strategies for CINV and related 

outcomes; 

o find benefits for CINV with meaningful dietary counselling and follow-up 

on basic nutrition advice and education delivered by health professionals 

with nutrition knowledge; and 

o raise the strong need for future high quality well-powered clinical trials 

assessing the efficacy and implementation of dietary strategies for the 

optimal management of CINV. 
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Dissemination activities and impact 

The PEN practice guidelines for the dietary management of cancer-related nausea 

and vomiting were: 

• distributed to over 24,000 subscribers across nine countries in an email from 

the PEN database; 

• shared with 900 conference delegates in an oral presentation at the 2019 

Dietitians Australia Annual Conference, along with a published abstract; 

• shared with medical students and other staff and students in an oral 

presentation at the 2019 Bond University Health Sciences and Medicine Annual 

Medical and Postgraduate Students Research Conference, which was open for 

invitation to 4,000 students and 1,000 staff members; 

• presented to the dietetic department team of approximately 40 dietitians at the 

Princess Alexander Hospital, Brisbane; and 

• accepted for an oral presentation at the 2020 Multinational Association of 

Supportive Care in Cancer (MASCC) Conference, which was cancelled due to 

COVID-19. 

 

The systematic review examining the efficacy of non-nutraceutical strategies for CINV 

was: 

• shared with health professionals involved in cancer care in an oral presentation 

with a published abstract at the 2021 Annual Scientific Meeting for the Clinical 

Oncology Society of Australia, which has over 800 members; 

• shared with medical students and other staff and students in an oral 

presentation at the 2021 Bond University Health Sciences and Medicine Annual 

Medical and Postgraduate Students Research Conference, which was open for 

invitation to 4,000 students and 1,000 staff members; and 

• is planned to be included in the updated MASCC Antiemesis Guidelines. 
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7.1.2. Chapter 3: Complementary and alternative medicine use in people with 
cancer 

Chapter overview 

Chapter 3 provided insight into the patient perspectives of CAM use during 

chemotherapy. These findings were then translated into recommendations of how 

health professionals may best support patients in safe and effective CAM use in an 

invited editorial.  

Novel contributions to the literature 

• The world’s first qualitative study to explore the perspectives, experiences, and 

sources of information of CAM in people undergoing chemotherapy who were 

predisposed to CAM use in a randomised controlled trial, finding that CAM use 

was: 

o valued as a natural complement to cancer treatment, providing hope for 

improved wellbeing; and 

o most strongly influenced by past experiences rather than expert opinion, 

suggesting health professional support could be improved. 

• An invited editorial offering a new perspective to guide health professionals in 

improving support for safe and effective CAM use during cancer. 

Dissemination activities and impact 

The qualitative study exploring the perspectives, experiences, and sources of 

information of CAM in people undergoing chemotherapy was: 

• shared with 600 conference delegates in an oral presentation at the 2021 

Dietitians Australia Annual Conference, along with a published abstract;  

• shared with medical students and other staff and students in an oral 

presentation at the 2020 Bond University Health Sciences and Medicine Annual 

Medical and Postgraduate Students Research Conference, which was open for 

invitation to 4,000 students and 1,000 staff members;  

• presented to approximately 30 nursing staff members at the oncology 

department of the research site (Princess Alexandra Hospital, Brisbane);  
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• accepted for a poster presentation at the 2020 MASCC Conference, which was 

cancelled due to COVID-19; and 

• internationally recognised with wide readership, leading to the invited editorial 

presented in Chapter 3.  

7.1.3. Chapter 4: Ginger as a complementary and alternative medicine 

Chapter overview 

Chapter 4 presented a systematic umbrella review synthesising the highest quality 

evidence on the therapeutic effects of ginger as a CAM. This comprehensive body of 

work considered the broad effects of ginger in all populations, which is of particular 

importance to the topic of this thesis as co-morbidities are high among people with 

cancer.  

Novel contributions to the literature 

• The world’s first systematic umbrella review of systematic literature reviews to: 

o synthesise the highest quality evidence on the therapeutic effects of 

ginger as a CAM; 

o find strong evidence for the safety of ginger, antiemetic effects in 

pregnant women, analgesic effects for osteoarthritis, and glycemic 

control in type 2 diabetes; and 

o highlight the need for improvements in the quality of the conduct and 

reporting of systematic reviews for confident recommendations to be 

drawn.  

Dissemination activities and impact 

The systematic umbrella review on the therapeutic effects of ginger was: 

• published in the fourth highest ranking Q1 nutrition and dietetics journal; 

• accepted for an oral presentation at the 2020 Dietitians Australia Annual 

Conference, which was cancelled due to COVID-19 but still published as a 

conference abstract and circulated amongst the 8000 Dietitians Australia 

members; and 
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• shared with approximately 30 members of the Australian Ginger Industry 

Association in an invited oral presentation at the biannual Ginger Advisory 

Panel Meeting, which led to: 

o invitations to subsequent meetings to discuss future collaborative 

research projects; and 

o a collaborative project between an international laboratory and 

Australia’s leading processor and vendor of ginger (Appendix IV). 

The systematic umbrella review is planned to be submitted for an oral presentation at 

the 2023 American Food and Nutrition Conference and Expo (FNCE), the world’s 

largest meeting of food and nutrition experts. 

7.1.4. Chapter 5: Ginger for chemotherapy-induced nausea and vomiting 

Chapter overview 

The systematic review and meta-analysis as well as randomised controlled trial in 

Chapter 5 updated the literature on the efficacy of ginger supplementation for CINV.  

Novel contributions to the literature 

• The most up-to-date and rigorous systematic review and first ever meta-

analysis to: 

o find evidence for the efficacy of ginger supplementation for CINV; 

o consider outcomes relating to CINV; importantly, how improvements in 

CINV translate into improved quality of life; and 

o raise the strong need for further rigorously designed randomised 

controlled trials to confirm efficacy and dosing regimen. 

• The most up-to-date and one of the largest rigorous randomised controlled 

trials to: 

o confirm safety and efficacy of ginger supplementation for delayed phase 

CINV, which is particularly difficult to manage in clinical practice;  

o propose novel effects on cancer-related fatigue, for which there are 

minimal treatment options, as well as nutrition status and improved 

quality of life; and 
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o the first trial to use analytical methods to confirm manufacturer’s 

certificate of analysis as well as ensure the stability of active antiemetic 

constituents in the ginger supplements throughout the trial period. 

Dissemination activities and impact 

The systematic review assessing the efficacy of ginger for CINV was: 

• shared with 1200 delegates involved in cancer care in an oral presentation with 

a published abstract at the 2018 MASCC Conference in Vienna; 

• used to inform the design and dosing regimen of two randomised controlled 

trials (presented in Chapter 5 and Chapter 6); and 

• contributed to the body of evidence in the umbrella review in Chapter 4. 

The randomised controlled trial assessing the efficacy of ginger for CINV was: 

• shared with approximately 1000 delegates involved in cancer care in an oral 

presentation, with an abstract yet to be published, at the 2022 MASCC 

Conference in Canada; and 

• shared with 1200 delegates involved in cancer care in a poster presentation of 

the methodology and preliminary results at the 2018 MASCC Conference in 

Vienna, with a published abstract. 

 

7.1.5. Chapter 6: Ginger mechanisms of action 

Chapter overview 

Finally, Chapter 6 provided a thorough insight into the mechanisms of action behind 

the therapeutic effects of ginger to help clinicians and researchers better understand 

how and for whom ginger may render therapeutic effects and has highlighted priority 

areas for future research.  

Novel contributions to the literature 

• The most up-to-date, simplified, and easily understandable narrative review to: 

o comprehensively describe the current knowledge on the proposed 

mechanisms of action of ginger on conferring therapeutic health effects; 

and 
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o provide an interpretation of the mechanisms of action to help clinicians 

and researchers better understand how and for whom ginger may render 

therapeutic effects. 

• The first ever human placebo-controlled trial to: 

o examine the effect of a standardised ginger supplement on 

gastrointestinal bacteria of healthy participants; 

o consider clinical outcomes relating to gastrointestinal microbiota; 

o find compositional alterations in gastrointestinal bacteria that may 

underpin some of the therapeutic effects of ginger; and 

o provide rationale for future randomised controlled trials using whole 

genome sequencing to explore ginger-mediated effects on the 

gastrointestinal microbiota of populations with diseases and health 

conditions. 

Dissemination activities and impact 

The impact of the studies in Chapter 6 are not yet realised as the studies are either 

not published or very newly published. Findings from the randomised controlled trial 

assessing the effect of a standardised ginger supplement on gastrointestinal bacteria 

of healthy participants are planned to be disseminated in an oral presentation at the 

Nutrition Society of Australia Annual Conference in 2023. 
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7.2 STRENGTHS AND LIMITATIONS 

The novel evidence this thesis has contributed to the literature are endorsed by 

numerous strengths; however, this thesis also contains limitations that should be 

considered in the interpretation of findings.  

7.2.1. Strengths of the research presented in this thesis 

Specific strengths of each study have discussed in Chapters 2-6 as well as in each of 

the published manuscripts. General strengths of this thesis include high research 

output with publication in prestigious journals in the areas of nutrition and dietetics, 

CAM, and women’s health. Specifically, seven manuscripts were published or are 

under review at Q1 journals and one manuscript has been published at a Q2 journal. 

Quantitative research (systematic reviews and randomised controlled trials) was 

complemented with a qualitative study, narrative review, and an editorial to provide 

depth to the findings, aid interpretation, and support translation to practice. Research 

findings were widely disseminated at national and international conferences and 

hospital in-services to support translation to practice and stimulate further research. 

Research findings also made impacts with the ginger industry, whereby a collaborative 

project was conducted confirming the feasibility of a novel analytical method to monitor 

changes in active ginger constituents of ginger samples during the manufacturing 

process (Appendix VI).   

 

The three systematic reviews in the thesis used robust, best-practice methodology 

that aligned with methodological recommendations of the Cochrane Handbook for 

Systematic Reviews [111] and the Joanna Briggs Institute [112] where relevant and 

feasible, including: 

• reported according to the Preferred Reporting Items for Systematic Reviews 

and Meta-analysis (PRISMA) statement [113];  

• prospectively registered with the International Prospective Register of 

Systematic Reviews (PROSPERO) [114]; 

• searched a minimum of four databases using a combination of keywords and 

indexed terms, which was complimented by grey literature searches to prevent 

eligible studies being missed; 

• critically appraised all included studies using validated assessment tools
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• utilised the Grading of Recommendations, Assessment, Development and 

Evaluation (GRADE) method [115] to determine the certainty in the body of 

evidence;  

• duplicated all methodological steps between independent investigators; 

• utilised software and task automation tools to prevent human error [116]; 

• used meta-analyses to statistically pool the results, where possible; and 

• extensively considered the primary study overlap where relevant (i.e., the 

umbrella review in Chapter 4), which prevented over-representation of studies 

and biased results.  

 

Randomised controlled trials in this thesis used gold standard double-blind placebo-

controlled randomised trial design to provide the strongest level of evidence for original 

research. This included: 

• Reporting of intervention methodology in accordance with the TiDiER 

framework to increase reproducibility and translation to practice [117], including 

detailed reporting of intervention and control conditions and outcome 

measurements. 

• Ginger supplements and dosing regimen were consistent across both trials to 

increase generalisability of mechanistic findings and support interpretation of 

clinical effect. 

• The ginger supplement chosen for the studies was found to have the highest 

doses of active antiemetic constituents amongst commercially available 

products [118]; thereby decreasing the burden on the patient through 

decreasing the number of capsules recommended per day. 

• Ginger dosing regimen was selected based on extensive research including a 

pilot randomised controlled trial and systematic review.  

• Both trials were prospectively registered with the Australian New Zealand 

Clinical Trials Registry and the Therapeutic Goods Administration; and the 

SPICE trial protocol was published prospectively (Appendix IV). 

• Compositional analysis was conducted to confirm the manufacturer’s certificate 

of analysis as well as ensure stability of these active compounds throughout 

the study period.  
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• All outcomes were measured using tools validated for use in the specific study 

populations. 

• Outcomes reflected both clinical outcomes and patient-centred outcomes. 

• Eligibility criteria were strict and lifestyle factors were controlled to limit effects 

of confounding variables and limit sources of variation.  

• The RCT in Chapter 5 was adequately powered, suggesting that the achieved 

sample size was adequate to test for evidence against the null hypothesis. 

• Intention to treat analysis was used and missing data were accounted for using 

multiple imputation [119], a robust statistical methodology to give an unbiased 

estimate of the effect of group allocation. 

• Double-blinding was performed by an independent investigator in both trials to 

reduce bias. 

• Intervention test products were double encapsulated to increase efficacy of 

participant blinding. 

• Self-completed surveys via virtual data collection were utilised in the RCT in 

Chapter 6, which removed the chance for data collection errors by the 

investigator and increased response rate across all variables. 

• The randomisation strategy in the RCT in Chapter 5 utilised minimisation of key 

confounding variables to reduce variation between groups. 

• Statistical methodology was designed via consultation with an independent 

statistician; who also reviewed completed work to ensure correct application 

and interpretation. 

 

7.2.2. Limitations of research presented in this thesis 
 
Specific limitations of each study have discussed in Chapters 2-6 as well as in each 

of the published manuscripts. General limitations of this thesis include the randomised 

controlled trials in Chapters 5 and 6 being tightly controlled with strict eligibility criteria, 

which does not mimic the real-world clinical setting. This means that no evidence has 

been provided for the efficacy or safety of ginger for use in people who were excluded 

from the trials, such as those with CINV having radiotherapy or with very low physical 

function. Data analysis was not conducted in duplicate to prevent human error; 

however, a statistician was consulted for the planning, implementation, and 
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interpretation of data analysis. Interpretation of the clinical relevance of findings 

presented in this thesis are limited by no minimal clinically important differences 

existing for many outcome assessment tools that measure CINV and related 

outcomes (e.g., nutrition status). This meant that clinical judgements were made when 

interpreting results, which might not reflect what individuals consider as important. 

 

Although not necessarily a limitation that influenced the rigour of results, this thesis 

was also negatively impacted by the COVID-19 pandemic. The design of the RCT in 

Chapter 6 had to be modified to accommodate no face-to-face participant contact. For 

example, anthropometry measures had to be self-reported by participants as they 

could not be conducted in the laboratory by the researcher. Due to no face-to-face 

contact allowed, all study packages had to be personally delivered and collected to 

participants in the RCT in Chapter, which had significant time impacts. There were 

also delays in transporting the stool swab samples for the RCT in Chapter 6 interstate 

to the external laboratory for analysis due to travel restrictions. In addition, there were 

substantial delays with the external laboratory conducting the analysis of stool swabs 

for the RCT in Chapter 6 due to COVID-19 projects being prioritised. Data checking 

was only completed on a proportion of participants for the RCT in Chapter 5 due to 

non-essential hospital staff not having access to the research hospitals. Supervisors 

were less available, which slowed progress. Lastly, dissemination of research findings 

was substantially negatively impacted, whereby numerous national and international 

conference oral and poster presentations were unable to be presented due to 

conference cancellations. 
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7.3 RECOMMENDATIONS FOR FUTURE PRACTICE AND POLICY 

The research presented in this thesis highlighted that most dietary and/or CAM 

strategies used in current clinical practice for the management of CINV have no or 

insufficient evidence. This lack of evidence may have necessitated reliance on 

eminence-based practice (i.e., reliance on experts as opposed to evidence) or 

anecdotal evidence. The novel research presented in this thesis in part meets this 

evidence gap. In some instances, the evidence presented aligns with current practices 

and policy, and in others, a change to practice or policy is suggested by the evidence. 

In few cases, the new research recommends that current practices cease as they were 

found to be ineffective and may have unintended consequences. It should also be 

acknowledged that although this thesis presents novel evidence with many 

methodological strengths; recommendations may change in the future as studies are 

replicated and tested in diverse populations.  

 

7.3.1. Chapter 2: Non-nutraceutical dietary strategies for chemotherapy-
induced nausea and vomiting 
 

Strengthened evidence for current practice 

 

Key findings of novel research presented in this thesis that strengthen confidence in 

current practice include: 

• As summarized in Table 2, dietary counselling that includes general healthy 

eating concepts may be of benefit to CINV, such as adequate energy and 

macronutrient intakes, moderating alcohol intake, and including Mediterranean 

diet concepts. 

• The individualized approach of dietary counselling, that considers the persons 

unique preferences, symptoms, and medical status, is important. 

 

Evidence that suggests a change to current practice 

 

Key findings of novel research presented in this thesis that suggests a change to 

current practice include:
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• Health service models of care should include dietitians as part of the 

multidisciplinary team for people undergoing chemotherapy to enable access 

to the dietary education and support that has been shown to benefit CINV.  

• Models of care should define referral pathways to dietitians for people with 

CINV. 

• Health insurance policies should include dietitians to allow their inclusion in 

multidisciplinary cancer care teams.  

• Practice guidelines for dietitians for the prevention and management of CINV 

should be widely disseminated and continually updated. 

• Practice guidelines for dietitians should include the recommendation of 

overcoming barriers to adhering to antiemetic medication regimens, as 

adherence to antiemetics still remains the single most effective strategy 

for preventing and managing CINV. 

• Antiemeisis practice guidelines for cancer should consider adjunct dietary 

strategies for CINV. 

 

Evidence that does not support current practice 

 

Key findings of novel research presented in this thesis that suggests current practices 

should cease due to their ineffectiveness and/or potential for harm include: 

• Restrictive diets should not be used in the treatment of CINV as they are 

ineffective and may lead to reduced macronutrient and energy intakes that 

exacerbate CINV. 
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Table 2. Summary of the evidence on the dietary strategies for chemotherapy-

induced nausea and vomiting.  

 

Strongest 
evidence to 
support use 

Some 
evidence to 
support use 

Minimal 
evidence to 
support use 

No 
evidence to 
support use 

Dietary Patterns  
Colourless/odourless diet     ✔ 
Fasting with or without ketogenic diet     ✔ 
Mediterranean diet    ✔  
Eating Behaviours  

Eating behaviour modifications (e.g. lighter foods, 
smaller frequent meals, avoiding sight/smell of food)  

   
✔ 

Specific Foods/Drinks  
Concord grape juice    ✔  
Ginger supplements ✔    
Ginger tea    ✔  
Moderate alcohol intake    ✔  
Restricting consumption of milk and dairy products, 
eggs, candies, cookies, ice cream, fruits, vegetables, 
legumes, paprika, processed meats, fatty fish, oils  

   ✔ 

Consuming peppermint confectionary, ginger or 
ginger brown sugar fluid, crackers, water, jelly, clear 
fluids  

   ✔ 

Macronutrient Intake  
Adequate energy intake    ✔  
Adequate protein intake    ✔  
Adequate fat intake     ✔  
Adequate carbohydrate intake    ✔  

Dietary Education and/or Support   
CINV-specific dietary education and support  ✔   

Non-CINV specific dietary education and support   ✔  

 
 

7.3.2. Chapter 5: Ginger for chemotherapy-induced nausea and vomiting  
 

Strengthened evidence for current practice 

 

Key findings of novel research presented in this thesis that strengthen confidence in 

current practice include: 

• Due to findings of this thesis being restricted to tightly controlled populations, it 

remains imperative for people pursuing ginger supplementation for CINV to do 

so in consultation with their treating health professionals. 
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• Ginger supplementation is not recommended for use in people with blood 

clotting disorders and/or who are prescribed anticoagulant therapy, such as 

warfarin. 

Evidence that suggests a change to current practice 

 

Key findings of novel research presented in this thesis that suggests a change to 

current practice include: 

• This thesis has presented good evidence to suggest that adjuvant ginger is safe 

for use for CINV and has associated benefits on quality of life and fatigue (Table 

2); therefore, may be considered for inclusion in standard practice. 

• Ginger supplementation is of most benefit to participants experiencing delayed 

phase CINV or those on chemotherapy regimens that are associated with 

delayed onset symptoms. 

• Ginger supplements should be consumed with food to avoid ginger tasting 

burps, reflux, or heartburn. 

• Ginger supplements should be standardised and the regimen used in the two 

randomised controlled trials is considered as optimal based on available 

evidence (Table 4). 

• Manufacturing companies should standardise ginger supplements and provide 

known active constituents on package labelling. 

• Ginger supplements should be regulated and tested to enforce standardization. 

• Antiemesis practice guidelines for cancer should include clear 

recommendations for adjunct ginger supplementation for CINV. 

• Health insurance companies and pharmaceutical benefits schemes should 

consider funding for dietary supplements, like ginger, for which there is quality 

research.  

 

Evidence that does not support current practice 

 

Key findings of novel research presented in this thesis that suggests current practices 

should cease due to their ineffectiveness and/or potential for harm include: 

• Ginger supplement use should not be contraindicated, but closely managed, in 

people with history of reflux and/or heartburn. 
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Table 3. Summary of the evidence on the effects of ginger supplementation on 

chemotherapy-induced nausea and vomiting and related outcomes. 

 

 Strongest 
evidence 
to 
support 
use 

Some 
evidence 
to 
support 
use 

Minimal 
evidence 
to 
support 
use 

No 
evidence 
to 
support 
use 

Daily 
ginger 
dose 

Duration 

Chemotherapy-induced Nausea 

Anticipatory nausea incidence 
[62, 67][62, 67] 

   ✔ 1.2 - 2.0g 5 - 6 days 

Acute nausea incidence    ✔  0.02 - 2.0g 3 days - 3 cycles 
Acute nausea severity   ✔  0.5 - 2.0g 3 - 5 days 
Delayed nausea incidence  ✔    0.02 - 2.0g 3 days - 3 cycles 
Delayed nausea severity ✔    0.5 - 2.0g 3 - 5 days 
Chemotherapy-induced vomiting 

Anticipatory vomiting incidence     ✔ 1.2 - 2.0g 5 - 6 days 
Acute vomiting incidence    ✔	   0.02 - 1.2g 5 days - 3 cycles 
Acute vomiting frequency   ✔  0.5 - 1.2g 5 days 
Delayed vomiting incidence  ✔    0.02 - 2.0g 3 days - 3 cycles 
Delayed vomiting frequency  ✔    0.5 - 1.2g 5 days 

CINV-related outcomes 

CINV-related QoL  ✔    1.2g 5 days 
Health-related QoL  ✔   0.02 - 1.5g 3 days - 3 cycles 
CINV-related fatigue   ✔   1.0 - 2.0g 3 days 
Nutrition status   ✔  1.2g 5 days 
Anxiety and depression    ✔ - - 

 
 

Table 4. Ginger supplementation regimen that was associated with improvements in 

CINV and related outcomes. 

 
Ginger root powder per capsule 0.3 g 
Active compounds per capsule 21 mg (4%) 

- Gingerols per capsule 16 mg (3%) 
- Shogaols per capsule 5 mg (1%) 

Number of capsules per day 4 
Frequency QID 
Length of supplementation 5 days, from Day 1 of chemotherapy 

QID: four times daily; best implemented with breakfast, lunch, dinner, and night-time snack, or approximately four 
hours apart (considering the relatively short half-life of ginger to maintain serum concentration of ginger active 

constituents for optimal antiemetic effects). The recommendation to be taken with a meal is to reduce likelihood 

of possible discomforts of reflux, heartburn, or ginger tasting burps. 
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7.3.3. Chapter 4: Broader therapeutic effects of ginger 
 

Strengthened evidence for current practice 

 

Key findings of novel research presented in this thesis that strengthen confidence in 

current practice include: 

• Recommendations for ginger supplementation by clinicians should be made on 

a case-by-case basis. 

 

Evidence that suggests a change to current practice 

 

Key findings of novel research presented in this thesis that suggests a change to 

current practice include: 

• Ginger supplementation might benefit pregnant women experiencing nausea, 

osteoarthritic pain, and glycaemic control (Table 5). 

• Ginger supplementation might also be useful for supporting gastrointestinal 

health through modulating gastrointestinal bacteria. 

• Doses of 0.5-3.0g/day in capsule form administered for up to three months 

duration is considered optimal for the broader health effects of ginger.  
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Table 5. Summary of the evidence on the therapeutic effects of ginger 

supplementation outside of the cancer population. 

 

 Strongest 
evidence 

to 
support 

use 

Some 
evidence 

to 
support 

use 

Minimal 
evidence 

to 
support 

use 

No 
evidence 

to 
support 

use 

Daily ginger dose Duration 

Analgesic effects 
Dysmenorrhea pain 
  ✔   0.5-1.5g 3 – 5 days 

Osteoarthritis pain 
 ✔    0.5-1.0g 3 – 12 weeks 

Headache   ✔  0.4-0.8g Single dose – 3 
months 

Post-exercise muscle 
pain   ✔  2.0-4.0g Single dose – 6 weeks 

Metabolic effects 
Blood pressure 
  ✔   0.5-3.0g 7 – 12 weeks 

Blood lipid profile 
  ✔   0.005g-3.0g 2 – 3 months 

Blood clotting 
    ✔ - - 

Glycaemic control 
 ✔    0.05-3.0g 2 – 3 months 

Weight 
management  ✔   0.05-20.0g 2 – 3 months 

Gastrointestinal effects 
Pregnancy nausea 
 ✔    1.0-2.5g 4 – 21 days 

Pregnancy vomiting 
   ✔  0.5-2.5g Single dose – 21 days 

Post-operative 
nausea  ✔   0.1-2.0g Single dose 

Post-operative 
vomiting   ✔  0.1-2.0g Single dose 

Motion sickness 
   ✔  1.0-2.0g SD 

Gastric motility 
   ✔  0.4-2.0g 1 – 21 days 

Gut bacteria 
modulation   ✔  1.2g  

(84mg actives) 14 days 

Indigestion   ✔  1.2g  
(84mg actives) 14 days 

Diarrhea   ✔  1.2g  
(84mg actives) 14 days 

Other effects 
Anti-inflammatory 
effects  ✔   0.5-3.0g 4 – 12 weeks 

Antioxidant effects 
  ✔   1.0-3.0g 10 – 12 weeks 

Physical 
performance    ✔ - - 

Breast milk volume 
    ✔ - - 
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7.3.4. Chapter 3: Providing support for cancer-related complementary and 
alternative medicine use 
 

Key findings of novel research presented in this thesis that suggests a change to 

current practice include: 

• With specific strategies presented in Table 6, health professionals involved in 

cancer care have a responsibility to better support people with cancer with safe 

and effective CAM use. 

• Clinical resources should be developed to better support health professional 

development in CAM.  

• Integrated models of care should be prioritised.  

• Policies should support funding for health professional development as well as 

healthy equity and value-based care. 

 

Table 6. Recommendations for how multidisciplinary cancer care professionals can 

best support people with safe and effective CAM use. 

 

Professional development • Be familiar with evidence-base for CAM 
• Be willing to build knowledge, skills, and confidence in providing 

advice on CAM 

Communication with 
people with cancer 

• Engage people with cancer in open and non-judgmental discussions 
about CAM 

• Use careful communication to inform people with cancer on 
potential risks or lack of efficacy in a way that does not lead to non-
disclosure of CAM use 

• Build mutual respect 
• Be aware of verbal and nonverbal cues 
• Be compassionate to understand and care for people with cancer 

Communication with CAM 
practitioners 

• Communicate with CAM practitioners involved in cancer care, even if 
outside of conventional medical system 

Patient-centred care • Be aware of high prevalence of CAM use 
• Respect decisions for CAM use (even if selected CAM has limited or 

conflicting evidence) 
• Be aware scientific evidence may not be as highly regarded by people 

with cancer 
• Adapt to the unique wants, needs, or situation of people with cancer 
• Be aware funding and affordability may be a barrier to accessing 

CAM.  

Future research • Support future research into the efficacy, safety, cost-benefit, and 
implementation of CAM 
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7.4 RECOMMENDATIONS FOR FUTURE RESEARCH 

7.4.1. Non-nutraceutical dietary strategies for chemotherapy-induced nausea 
and vomiting 

To increase the quality of evidence prior to being considered for use in routine clinical 

practice, future randomized controlled trials should explore the effects of adequate 

energy and macronutrient intakes, dietary ginger, the Mediterranean diet, 

and eating behaviors on CINV. With the strongest evidence supporting the use of 

ginger supplements for CINV, research into how this may be achieved through dietary 

ginger would be of benefit.  

Eating behaviors commonly recommended in dietetic practice should also be 

prioritized in future research for guideline development, such as consuming frequent 

meals and snacks, which may have added benefit if incorporated with protein-rich 

foods. Trials must also consider whether the positive relationship of frequent meals as 

well as adequate energy and macronutrient intake is instead because of lower CINV 

being associated with greater ability to achieve dietary requirements. Research that 

has supported moderate alcohol intake should be further explored with caution and 

consider the broader associated negative health effects to determine overall safety.  

Trials should also explore the way that dietary education and support is provided. This 

should utilize dietitians who are specifically trained to provide individualized dietary 

counselling and follow-up but also involve other health professionals with nutrition 

knowledge. Caution is given to avoid dietary interventions that are delivered via 

pamphlet or educational handouts without use of counselling techniques over 

repeated consultations; as such interventions are shown to be generally ineffective, 

not individualized, and inappropriate for many patient groups such as those who are 

lingually and culturally diverse or have cognitive impairment [120]. 

Future trials should have an adequate sample size, clearly defined dietary strategies, 

use validated outcome measures, and report data in full, including adverse effects, 

adherence to dietary strategies, and secondary outcomes related to CINV and patient-

centred perspectives. Secondary outcomes should assess whether improvements in 

CINV management through dietary interventions translate to improved nutrition status, 
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cancer-related fatigue, mental health, cancer treatment tolerance and adherence, and 

overall quality of life. 

7.4.2. Ginger for chemotherapy-induced nausea and vomiting 

Additional randomised controlled trials with adequate sample sizes, standardized 

ginger products, use of validated outcome measures, and full reporting of data would 

better inform the evidence regarding the type of ginger supplement that should be 

recommended for CINV and the most effective dosing schedule. Such trials should 

use validated outcome measures and determine minimal clinically important 

differences where they are not yet established. Study designs should also measure 

adverse events potentially relatable to the ginger intervention to confirm the safety of 

the intervention.   

Other chemotherapy-related outcomes that are associated with CINV need 

to be assessed, including both CINV-related quality of life and health-related quality of 

life, fatigue in conjunction with inflammatory markers, anxiety and 

depression, stomach dysrhythmia, and tachygastria or bradygastria. Other factors 

that need evaluation related to overall health include nutrition status, dietary 

intake, health service use, and health care costs. Future trials should consider ginger 

supplementation compliance and any potential burden of participants as well as 

antiemetic use. People who aren’t chemotherapy naïve or who are receiving multi-

day chemotherapy regimens, undergoing chemoradiation, or have low physical 

function should be included in studies before recommending ginger products to 

all people receiving chemotherapy. 

7.4.3. Health benefits of ginger in non-cancer populations 

Outcomes for which there was insufficient or inconsistent evidence to support ginger 

use should be priority areas for future prior to clinical use, including: 

• analgesic effects of ginger on headache and migraine as well as post-exercise 

muscle pain; 

• metabolic effects on blood lipid profile;  

• anti-emetic effects post-operatively or relating to motion sickness; and  

• anti-inflammatory or antioxidant effects that may underpin many of the 

mechanisms of action.  
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Given that most interventions identified in this review were of short duration, future 

research should consider the long-term effects of ginger consumption. Additional 

research areas of priority include the antimicrobial, immune modulating, 

neuroprotective, antineoplastic, as well as liver- and kidney- protecting effects of 

ginger, which have been supported by a substantial number of animal and mechanistic 

studies yet not extensively explored in human clinical trials.  

7.4.4. Ginger dosing regimens  

Dose-dependent trials would be of benefit to confirm optimal dosing regimen. Future 

well-powered dose-dependent randomised controlled trials using ginger must test and 

report ginger bioactives and transparently report ginger species, intervention dose, 

frequency of administration, duration of intervention, and treatment compliance.  

Given that it is the non-volatile bioactive compounds in ginger that are responsible 

for the therapeutic effects [121], supplements should be standardised to contain 

known and equal amounts of bioactive compounds. Clinical trials should also consider 

compositional analysis to confirm active constituents. Research into how these active 

constituents vary depending on species, such as with native varieties, harvest time, 

and processing methods.  

Future trials should ensure at least double encapsulation and administration with food 

to reduce the discomforts of reflux, heartburn, or ginger tasting burps as well as to 

conceal participant blinding.  

Once sufficient trials have been conducted ensuring standardised dosing regiments, 

dose-response meta-analyses should be performed to provide the highest confidence 

in clinical recommendations. 

7.4.5. Mechanisms of action of ginger  

As the majority of understanding regarding the mechanisms of action of ginger are 

based on in-vitro and animal studies, additional human trials are required to confirm 

the mechanisms of action behind the antiemetic, analgesic, metabolic, and 

gastrointestinal effects of ginger. More novel areas of research where ginger has 

shown potential benefits should be explored in humans as a priority, which include the 
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antimicrobial, neuroprotective, antineoplastic, as well as liver- and kidney-protecting 

effects of ginger.  

Further human trials should explore pathways of action specifically for CINV, such as 

regulation of gastric motility and anti-inflammatory and antioxidant effects, as well as 

outcomes related to CINV, particularly the mechanisms of action behind the beneficial 

effect of ginger on fatigue.  

Broadly, additional research regarding the effects of ginger on the gastrointestinal 

microbiota is needed. Future randomised placebo-controlled trials using standardised 

ginger formulations should be well-powered and explore the clinical meaningfulness 

of the results obtained. Through the use of metagenomics, future studies should 

investigate bacteria species and strains as well as their metabolites and other 

gastrointestinal microbiota, such as viruses, fungi, and single-celled organisms, to 

gain a deeper understanding of the effects of ginger on the functional roles of the 

gastrointestinal microbiota.  

Trials should consider the vast array of confounding variables, such as dietary intake, 

physical activity, mood, sleep, fatigue, and participant characteristics including age, 

ethnicity, and body weight. Novel trials in participants with diseases or health 

conditions may highlight additional positive effects on gastrointestinal microbiota that 

were not seen in healthy participants due to their strong ability to maintain homeostasis. 

In particular, the investigation into the gastrointestinal microbiota-medicated 

antiemetic pathways of ginger in populations undergoing chemotherapy is warranted. 

Exploring ginger-mediated effects on the gastrointestinal microbiota of participants 

with diseases and health conditions should consider how these effects correlate with 

clinical outcomes, such as secondary outcomes of gastrointestinal symptoms and 

quality of life.  

7.4.6. Complementary and alternative medicine use in chemotherapy 

People undergoing chemotherapy and health professionals involved in cancer care 

would benefit from future research aiming for richer and deeper findings to better 

understand the perceptions and experiences of people undergoing chemotherapy 

regarding CAM use. It would be of benefit for future studies to explore the 

perspectives and experiences of health professionals to identify barriers and 
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enablers in discussing and integrating CAM alongside conventional anti-cancer 

treatments, specifically with reference to people undergoing chemotherapy. It would 

also be beneficial to investigate the insights and experiences of health 

professionals in varied geographical locations with differing policies and levels of 

integration of CAM. Subsequent research would assist in determining how CAM use 

during chemotherapy can be acknowledged and addressed by health professionals in 

their already heavy caseloads.  Future clinical trials into how to best facilitate open 

and non-judgemental discussions about CAM with people with cancer and how to best 

include CAM practitioners in multidisciplinary cancer care would also benefit clinical 

practice, along with continual assessment of care needs. 

Future clinical research regarding CAM efficacy and safety during chemotherapy are 

warranted prior to integration into the existing conventional cancer care. Although 

building the evidence base for CAM efficacy and safety as well as models-of-care that 

facilitate communication are key to improving the safe use of CAM in cancer, funding 

must also be addressed due to affordability being a main barrier to implementation. 

Research regarding not only clinical efficacy and safety but also cost-benefit will 

support policy makers to create policy that boosts health equity and value-based care. 

As CAM are mostly used as add-ons rather than substitutes for conventional care by 

women with cancer, cost-benefit analyses should select appropriate value-based 

outcomes such as treatment adherence, unmet care needs, or satisfaction with care. 

Improved support of people with cancer requires additional clinical and economic 

research as well as studies on feasibility of integrated models of care, clinical 

resources, and policies that support funding for health equity and value-based care.  
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7.5 CONCLUDING REMARKS 

This thesis has improved the evidence for the adjuvant dietary and nutraceutical 

management of CINV and expanded understanding of the mechanisms of action and 

broad health effects of ginger. The dietary strategy with strongest evidence for 

managing CINV was the use of ginger as a nutraceutical, where the high confidence 

in this finding was due to the review and original research presented in this thesis.  

In people undergoing chemotherapy, a beneficial effect of ginger supplementation on 

delayed nausea and vomiting as well as fatigue was found and these effects were 

associated with improvements in quality of life. Ginger supplementation appeared to 

be safe, with no associated serious adverse events and may also confer broader 

health effects. Specifically, greatest confidence in the effect of ginger was found for 

antiemetic effects in pregnant women, analgesic effects in osteoarthritis, and glycemic 

control in type 2 diabetes.  

Mechanisms of action supporting the therapeutic effects of ginger were found to be 

largely underpinned by the anti-inflammatory and antioxidant properties of ginger. 

Furthermore, novel compositional alterations in gastrointestinal bacteria were found 

that might underpin some of the therapeutic effects of ginger.  

This thesis has also highlighted that people with cancer value CAM, such as ginger, 

as a natural complement to their cancer treatment, providing them with hope for 

improved wellbeing. However, support from multidisciplinary cancer care 

professionals in conventional medical systems for the use of CAM could be improved.  

Implications for practice and policy and priority areas for future research have been 

extensively discussed. In particular, future rigorous well-powered clinical trials that 

confirm ginger dosing regimen and the efficacy of dietary strategies for CINV are 

needed. Other priority research areas include ginger for broader health effects; 

mechanisms of action of ginger; and how to integrate the use of CAM, like ginger, into 

conventional cancer care. 
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APPENDIX II: PRACTICE-BASED EVIDENCE IN NUTRITION (PEN) GUIDELINE 

SEARCH STRATEGY 

The search strategy in Appendix II was used to conduct the hierarchical literature 

review to inform the PEN Guideline and Toolkit for the optimal dietary strategies for 

nausea and vomiting in adults with cancer presented in Chapter 2.2. 

 
Crichton M, Fu J, Marshall S, Marx W. Nutritional implications of cancer treatment 

background: Constipation, nausea and vomiting. In: Practice-based Evidence in 

Nutrition® (PEN). 2021 Apr 21. Available from:  

https://www-pennutrition-

com/KnowledgePathway.aspx?kpid=5935&trcatid=38&trid=19573  

Access only by subscription. 

Reproduced with permission from Dietitians Canada.  

 

Crichton M, Marshall S, Marx W. What are the optimal dietary strategies for the 

management of cancer-related nausea and vomiting in adults? In: Practice-based 

Evidence in Nutrition® (PEN). 2020 Nov 25. Available from:  

https://www-pennutrition-

com/KnowledgePathway.aspx?kpid=5935&pqcatid=146&pqid=5947  

Access only by subscription. 

Reproduced with permission from Dietitians Canada.  
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SEARCH STRATEGY 
 
Content 
What are the optimal dietary strategies for the management of cancer-related nausea 

and vomiting? 

 

Search terms 
MeSH Terms 

Neoplasms 

Radiation oncology 

Radiotherapy 

Proton beam therapy 

Proton therapy 

Immunotherapy 

Chemotherapy, adjuvant 

Consolidation chemotherapy 

Induction chemotherapy 

Photochemotherapy 

Maintenance chemotherapy 

Chemotherapy, cancer, regional perfusion 

Antineoplastic combined chemotherapy protocols 

Electrochemotherapy 

Nausea 

Vomiting 

Emetics 

Antiemetics 

Ginger 

  

Text Words 

Neoplas* 

Tumor* 

Tumour* 

Malignanc* 

Cancer* 
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Oncology 

Radiation oncology 

Radiation treatment 

Radiotherap* 

Proton beam therapy 

Proton therapy 

Immunotherap* 

Chemotherap* 

Antineoplastic combined chemotherapy regimens 

Antineoplastic chemotherapy protocol* 

Chemotherapy protocol, antineoplastic 

Protocol, antineoplastic chemotherapy 

Cancer chemotherapy protocol* 

Protocol, cancer chemotherapy 

Adjuvant chemotherapy 

Consolidation chemotherapies 

Chemotherapy, consolidation 

Regional perfusion antineoplastic chemotherapy 

Isolation perfusion cancer chemotherapy 

Cancer chemotherapy, regional perfusion 

Perfusion cancer chemotherapy, regional 

Regional perfusion cancer chemotherapy 

Electrochemotherapies 

Chemotherapy, induction 

Maintenance chemotherapies 

Photochemotherapies 

Treatment 

Safety 

Adverse events 

Adverse effects 

Platelets 

Emesis 

Emetogenic 

Emetogenicity 
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Nausea 

Nauseous 

Vomit* 

Emetic* 

Regurgit* 

Chemotherapy induced nausea and vomiting 

Chemotherapy-induced nausea and vomiting 

CINV 

Randomized controlled trial 

Controlled clinical trial 

Clinical study 

Clinical trial 

Comparative study 

Randomized 

Randomised 

Placebo 

Diet 

Food 

Nutrition 

Ginger 

Zingiber officinale 

Officinales, zingiber 

 

Databases and Grey Literature Sources (e.g., international guidelines) Searched 
PubMed 

Web of Science 

Embase 

CINAHL 

Cochrane 

Google Scholar 

Google 

  

Other: 

Google Scholar search for nutrition/dietary guidelines for cancer-related nausea. 



APPENDIX II: Practice-based Evidence in Nutrition (PEN) Evidence Grading Checklist 
 

   
 

369 

Snowballing search of reference lists of papers of interest. 

 

Reasons for excluding reviews or studies identified using a hierarchical 
literature search 
Poor study design and/or poor reporting of outcomes (high risk of bias) 

 

DATE of Search 
Date Search Completed: Feb 2 2019 

Search Limits (e.g. date, language): 2012-2019, English language 
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Chapter 2.3. Dietary Strategies for chemotherapy-induced nausea and vomiting: 
a systematic review 

Gala D, Zigori B, Wright H, Marshall S, Crichton M. Dietary Strategies for 

Chemotherapy-Induced Nausea and Vomiting: A Systematic Review. Clinical 

Nutrition. 41 (10).  

https://www.clinicalnutritionjournal.com/article/S0261-5614(22)00289-

8/pdf#relatedArticles 

Reproduced with permission from Elsevier Ltd. 

Accepted version made available under a CC BY-NC-ND licence.  

https://www.clinicalnutritionjournal.com/article/S0261-5614(22)00289-8/pdf#relatedArticles
https://www.clinicalnutritionjournal.com/article/S0261-5614(22)00289-8/pdf#relatedArticles
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Supplementary Table 1. Systematic search strategies used to locate studies 

examining the effect of dietary strategies on chemotherapy-induced nausea and 

vomiting in adults.  

 
Database  Search Strategy   

PubMed   
  

"Antineoplastic Agents"[MeSH Terms] OR "consolidation 
chemotherapy"[MeSH Terms] OR "induction chemotherapy"[MeSH Terms] OR 
"chemotherapy, cancer, regional perfusion"[MeSH Terms] OR "maintenance 
chemotherapy"[MeSH Terms] OR "antineoplastic combined chemotherapy protocols 
"[MeSH Terms] OR "chemo*"[Title/Abstract] OR "CTx"[Title/Abstract] OR 
"antineoplastic agent"[Title/Abstract] AND "diet records"[MeSH Terms] OR "diet 
therapy"[MeSH Terms] OR "nutrition assessment"[MeSH Terms] OR "nutrition 
therapy"[MeSH Terms] OR "diet, western"[MeSH Terms] OR "diet*"[Title/Abstract] 
OR "nutr*"[Title/Abstract] AND "nausea"[MeSH Terms] OR "vomiting"[MeSH Terms] 
OR "emetics"[MeSH Terms] OR "antiemetics"[MeSH Terms] OR OR 
"CINV"[Title/Abstract] OR "nausea*"[Title/Abstract] OR "vomit*"[Title/Abstract] OR 
"emesis"[Title/Abstract]   

CENTRAL   
  

[mh "Antineoplastic Agents"] OR [mh "consolidation chemotherapy"] OR 
[mh "induction chemotherapy"] OR [mh "chemotherapy, cancer, regional perfusion"] 
OR [mh "maintenance chemotherapy"] OR [mh "antineoplastic combined 
chemotherapy protocols"] OR (chemo*):ti,ab OR (CTx):ti,ab OR (antineoplastic 
agent):ti,ab  
AND [mh "diet records"] OR [mh "diet therapy"] OR [mh "nutrition assessment"] OR 
[mh "nutrition therapy"] OR [mh "diet, western"] OR (diet*):ti,ab OR (nutr*):ti,ab AND 
[mh “nausea”] OR [mh “vomiting”] OR [mh “emetics”] OR [mh antiemetics] OR 
(CINV):ti,ab OR (nausea*):ti,ab OR (vomit*):ti,ab OR (emesis):ti,ab  

Embase   
  

'consolidation chemotherapy'/exp OR 'maintenance chemotherapy'/exp OR 'induction 
chemotherapy'/exp OR 'antineoplastic agent':ti,ab OR ctx:ti,ab OR 
chemotherap*:ti,ab OR chemotx:ti,ab AND nutr*:ti,ab OR diet*:ti,ab OR 'western 
diet'/exp OR 'dietary intake'/exp OR 'nutrition'/exp OR 'nutritional assessment'/exp OR 
'diet therapy'/exp OR 'diet'/exp AND emesis:ti,ab OR vomit*:ti,ab OR nausea*:ti,ab 
OR cinv:ti,ab OR 'emetic agent'/exp OR 'antiemetic agent'/exp OR 'vomiting'/exp OR 
'nausea'/exp OR 'chemotherapy induced nausea and vomiting'/exp  

CINAHL   
  

(MH "Antineoplastic Agents") OR ("TI Antineoplastic Agents OR AB Antineoplastic 
Agents” ) OR (MH "Chemotherapy, Cancer") OR (TI chemo* OR AB chemo* ) OR (TI 
CTX OR AB CTX ) AND (MH "Diet Records") OR (MH "Diet Therapy") OR (MH 
"Nutritional Assessment") OR (MH "Diet, Western") OR (MH "Diet") OR (MH 
"Nutrition") OR (TI diet* OR AB diet*) OR (TI Nutr* OR AB Nutr*) AND (MH "Nausea") 
OR (MH "Nausea and Vomiting") OR (MH "Vomiting") OR (MH "Emetics") OR (MH 
"Antiemetics") OR (TI vomit* OR AB vomit* ) OR (TI emesis OR AB emesis ) OR (TI 
CINV OR AB CINV ) OR (TI nausea* OR AB nausea* )  

Web of Science   TS=(“Antineoplastic Agents” OR chemotherapy* OR chemotx OR CTx) AND 
TS=(nausea* OR vomit* OR emesis OR emetics OR antiemetics OR CINV) AND 
TS=(Diet* OR Nutr*)  
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Supplementary Table 2. Eligibility criteria for studies examining the effect of dietary 

strategies on chemotherapy-induced nausea and vomiting in adults.  

 
 Inclusion Exclusion 

Participant
s 

• Human adults ³18 years old 
• Any type/stage of cancer 
• Active chemotherapy of any type  
• May or may not be consuming anti-

emetic medications 

• Concurrent radiotherapy or surgery  

Interventio
n/ 

Indicator 

• Any dietary pattern  
(e.g. high protein diet, Mediterranean 
diet) 

• Any eating behaviour 
(e.g. small frequent meals, avoiding 
food smell stimulus) 

• Any specific food/drink or 
macronutrient intake  
(e.g. high protein foods, total energy 
intake, alcohol) 

• Any dietary education and/or support  
(e.g. dietary counselling/education, 
dietetic consultation) 

• Used before or during chemotherapy 

• Nutraceuticals or functional foods  
(e.g. ginger or vitamin C 
supplements, ginger shots) 

• Complementary and alternative 
medicines  
(e.g. aromatherapy, herbal products) 

• Controlled substances 
(e.g. cannabis)  

• Enteral or parental nutrition  
(e.g. nasogastric tube feeding) 

• Eligible dietary strategies 
administered in conjunction with 
nutraceuticals, functional foods, 
complementary and alternative 
medicines, controlled substances, or 
enteral or parenteral nutrition. 

Comparato
r 

• Any or no comparator  

Outcomes • Any nausea or vomiting outcome 
measured by any tool 

• Efficacy of dietary strategy not 
reported (e.g. prevalence data) 

Study 
Design 

• Intervention studies  
(e.g. RCTs, cross-over trials) 

• Observational studies   
(e.g. cross-sectional, cohort studies) 

• Any language which could be 
translated to English using Google 
translator, translator, or colleagues 

• Not published in peer-reviewed 
journal 

• Systematic literature reviews 
• Conference abstracts 
• Case studies or commentaries 
• Study protocols 
• Books or book chapters 
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( - ) Negative overall score (high risk of bias); (+) Positive overall score (low risk of bias); (Ǿ) Neutral overall score 
(neutral risk of bias); N: no, study does not meet criteria; N/A: No applicable;  U: unclear whether study meets criteria; 
Y: yes, study meets criteria. 
 
 
Supplementary Figure 1. Quality assessment of studies examined the effect of dietary strategies 

on chemotherapy-induced nausea and vomiting in adults using the Academy of Nutrition and 

Dietetics Quality Criteria Checklist for Primary Research.  
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Interventional studies 

Das et al. 2020   Y U U U N N U U Y Y ( - ) 

de Souza et al. 2021  N Y Y Y N Y Y Y Y Y (+) 

Durrieu et al. 2011  Y N N/A Y N N N N N N ( - ) 

Ingersoll et al. 2010  Y Y Y Y Y U Y Y Y U (Ǿ) 

Lee et al. 2017  Y Y N/A Y N N/A Y Y Y U (+) 

Lindman et al. 2013  Y Y Y Y N N N N Y Y (Ǿ) 

Lugtenberg et al. 
2021  
 

Y Y Y N N Y Y Y Y N (Ǿ) 

Menashian et al. 
1992  Y Y U Y N N N N N U ( - ) 

Najafi et al. 2018  Y Y Y Y Y Y Y Y Y Y (+) 

Zorn et al. 2020  Y Y U Y N Y Y Y Y Y (+) 

Observational Studies 

Di Mattei at al. 2015  Y Y Y Y N Y Y Y Y Y (+) 

Ghisoni et al. 2019  Y Y Y Y N Y Y Y Y Y (+) 

Hesketh et al. 2009  N Y Y U Y N N Y N N ( - ) 

Hilarius et al. 2011  Y Y N/A Y N N/A Y Y N U (Ǿ) 

Lou et al. 2014  Y Y N/A U N N Y Y Y U (Ǿ) 

Mardas et al. 2017  Y Y N N N N Y Y Y U ( - ) 

Sekine et al. 2013  Y Y N/A Y N U N U Y Y (Ǿ) 

Uomori et al. 2017  Y Y N/A Y N N/A N Y Y Y (+) 

Warr et al. 2011  N Y Y U Y U N U Y N ( - ) 

Williams et al. 2014  Y Y N/A N N N Y N Y Y ( - ) 

Xu et al. 2021  
 Y Y N/A N N N Y Y Y Y (Ǿ) 
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Supplementary Table 3. Detailed characteristics and findings of studies examining the effect of dietary strategies on chemotherapy-

induced nausea and vomiting in adults.  

Study & Population Characteristics Dietary Strategy Characteristics a Study Results 
Study 
Charact
eristics 

Population  Cancer  CTX Anti-
emetic 
Use 

Dietary Strategy Comparator CINV 
Tool 

 Primary Outcome: CINV Secondary Outcomes 

Dietary Patterns 
Mediterranean Diet 
Ghisoni 
et al, 
2019  
 

Study 
Design: 
Prospect
ive 
cohort 
 
Country: 
Italy 
 
Duration
: 2 CTX 
cycles 

N: 24 
 
Attrition: 8% 
 
Age (yrs): 
mean 61 ± 
12.2 
 
Females: 
100% 
 

Type: 
Gynae:  
- Ovarian 
(68%) 
- Cervical 
(23%) 
- 
Endometri
al (9%) 
 
Stage:  
- I (63%) 
- II (32%) 
- III (5%) 
 
*Excluded 
those with 
conditions 
likely to 
affect GI 
function 

Type: 
Carboplati
n- or 
Cisplatin-
based 
*Only 
included 
patients 
with 
platinum-
based 
CTX 
 
Emetogen
icity: 
- Mod 
(81%) 
- High 
(19%) 
 
Adjuvant 
Therapies
: NR 
 

NR 
 
 

Strategy: High adherence 
to Mediterranean diet 
(MDSS score: ³13/24; 
n=10)  
- Every main meal: 1-2 

serves fruit, ³ 2 
serves vegetables, 1-
2 serves cereals, 1 
serve olive oil 

- Daily: 2 serves dairy, 
1-2 serves nuts, 1-2 
glasses fermented 
beverages 

- Weekly: £3 serves 
potatoes, ³ 2 serves 
legumes, 2-4 serves 
eggs, ³2 serves fish, 
2 serves white meat, 
<2 serves red meat, 
£2 serves sweets 

 
Duration: 1 week (week 
prior to CTX) 
 
Compliance: NR 

Low 
adherence 
to 
Mediterrane
an diet 
(MDSS 
score: 0-
12/24; n=12) 

Tool: 
CTCA
E 
 
Time 
point: 
day of 
CTX 
C1&2 

Nausea (mean score; scores 
range 0-10; 0-2=mild, 3-
6=moderate, 7-10=intense): 
Nausea frequency: 
- Cycle 1: MDSS ≥ 13: 1.5 ± 

1.1; MDSS < 13: 1.4 ± 1.6; 
p=0.86 

- Cycle 2: MDSS ≥ 13: 1.5 ± 
1.7; MDSS <13: 3.6 ± 0.9; 
p<0.01 

Nausea gravity: 
- Cycle 1: MDSS ≥ 13: 1.0 ± 

0.9; MDSS < 13: 1.4 ± 1.6; 
p=0.38 

- Cycle 2: MDSS ≥ 13: 0.7 ± 
1.6; MDSS <13: 3.4 ± 0.9; 
p<0.01 

Vomiting (mean score; scores 
range 0-10; 0-2=mild, 3-
6=moderate, 7-10=intense): 
Vomiting frequency: 
- Cycle 1: MDSS ≥ 13: 0.6 ± 

0.8; MDSS < 13: 0.6 ± 1.3; 
p=1.00 

- Cycle 2: MDSS ≥ 13: 0.3 ± 
0.8; MDSS < 13: 0.8 ± 1.3; 
p=0.45 

Vomiting gravity: 
- Cycle 1: MDSS ≥ 13: 0.3 ± 

0.5; MDSS < 13: 0.6 ± 1.3; 
p=0.46 

- Cycle 2: MDSS ≥ 13: 0.3 ± 
0.8; MDSS < 13: 0.8 ± 1.3; 
p=0.45 

GI symptoms (mean score): 
Measured by CTCAE: 
Stomach ache frequency: 
- Cycle 1: MDSS ≥ 13: 0.2 ± 

0.6; MDSS < 13: 0.7 ± 0.9; 
p=0.13 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 1.0 ± 1.0; 
p=0.03 

Stomach ache gravity: 
- Cycle 1: MDSS ≥ 13: 0.1 ± 

0.3; MDSS < 13: 0.5 ± 0.7; 
p=0.08 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 1.2 ± 1.3; 
p=0.04 

Abdomen ache frequency: 
- Cycle 1: MDSS ≥ 13: 1.1 ± 

1.0; MDSS < 13: 0.3 ± 0.7; 
p=0.04 

- Cycle 2: MDSS ≥ 13: 0.2 ± 
0.4; MDSS <13: 1.4± 0.9; 
p=0.01 

Abdomen ache gravity: 
- Cycle 1: MDSS ≥ 13: 0.8 ± 

0.8; MDSS < 13: 0.2 ± 0.4; 
p=0.04 

- Cycle 2: MDSS ≥ 13: 0.2 ± 
0.4; MDSS <13: 1.2 ± 1.3; 
p=0.02 

Abdomen ache interference with 
daily activities: 
- Cycle 1: MDSS ≥ 13: 0.7 ± 

0.8; MDSS < 13: 0.2 ± 0.6; 
p=0.11 



APPENDIX III: Chapter 2.3 Supplementary Materials 
 

   
 

376 

- Cycle 2: MDSS ≥ 13: 0.2 ± 
0.4; MDSS <13: 1.2 ± 0.8; 
p=0.02 

Intestinal gas (yes/no): 
-  Cycle 1: MDSS ≥ 13: 0.4 ± 

0.5; MDSS < 13: 0.3 ± 0.5; 
p=0.64 

- Cycle 2: MDSS ≥ 13: 0.3 ± 
0.5; MDSS <13: 0.4 ± 0.5; 
p=0.74 

Bloating frequency: 
-  Cycle 1: MDSS ≥ 13: 0.7 ± 

0.95; MDSS < 13: 0.5 ± 1; 
p=0.62 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 1.4 ± 1.3; 
p=0.02 

Bloating gravity: 
-  Cycle 1: MDSS ≥ 13: 0.3 ± 

0.5; MDSS < 13: 0.4 ± 0.7; 
p=0.70 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 1.0 ± 1.0; 
p=0.03 

Loss of appetite gravity: 
- Cycle 1: MDSS ≥ 13: 1.0 ± 

1.0; MDSS < 13: 1.3 ± 1.7; 
p=0.61 

- Cycle 2: MDSS ≥ 13: 1.3 ± 
1.5; MDSS <13: 2.4 ± 1.7; 
p=0.28 

 Loss of appetite interference 
with daily activities: 
- Cycle 1: MDSS ≥ 13: 1.1 ± 

1.1; MDSS < 13: 1.4 ± 1.5; 
p=0.59 

- Cycle 2: MDSS ≥ 13: 1.3 ± 
1.5; MDSS <13: 2.0 ± 1.4; 
p=0.44 

Dysgeusia gravity: 
- Cycle 1: MDSS ≥ 13: 0.9 ± 

1.2; MDSS < 13: 1.0 ± 1.2; 
p=0.84 

- Cycle 2: MDSS ≥ 13: 1.3 ± 
1.5; MDSS <13: 2.6 ± 1.9; 
p=0.23 

Oral sores gravity: 
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- Cycle 1: MDSS ≥ 13: 0.1 ± 
0.3; MDSS < 13: 0.4 ± 1.3; 
p=0.44 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 0 ± 0; p=1 

Mouth cracks gravity: 
- Cycle 1: MDSS ≥ 13: 0.1 ± 

0.3; MDSS < 13: 0.4 ± 1.3; 
p=0.44 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 0.2 ± 0.4; 
p=0.24 

 Dysphagia gravity: 
- Cycle 1: MDSS ≥ 13: 0.3 ± 

0.5; MDSS < 13: 0.4 ± 0.7; 
p=0.70 

- Cycle 2: MDSS ≥ 13: 0 ± 0; 
MDSS <13: 0.2 ± 0.4; 
p=0.24 

Dry mouth gravity: 
- Cycle 1: MDSS ≥ 13: 1.0 ± 

1.3; MDSS < 13: 1.1 ± 1.3; 
p=0.85 

- Cycle 2: MDSS ≥ 13: 1.5 ± 
1.8; MDSS <13: 0.8 ± 1.8; 
p=53 

Bowel habits: 
Measured by CTCAE: 
Constipation gravity: 
- Cycle 1: MDSS ≥ 13: 0.5 ± 

0.5; MDSS < 13: 0.7 ± 0.7; 
p=0.44 

- Cycle 2: MDSS ≥ 13: 0.8 ± 
0.4; MDSS <13: 2.4 ± 1.8; 
p=0.06 

Diarrhoea frequency: 
- Cycle 1: MDSS ≥ 13: 0.7 ± 

0.9; MDSS < 13: 0.7 ± 1.3; 
p=1 

- Cycle 2: MDSS ≥ 13: 0.5 ± 
0.8; MDSS <13: 1.2 ± 1.1; 
p=0.25 

Fasting/Ketogenic Diet 
Lugtenb
erget al., 
2021  
 

N: 129 
 
Attrition: 15% 
 

Type: 
HER2-
negative 
breast 
cancer  

Type: 
Fluorourac
il/ 
epirubicin 
or 

NR Strategy: Fasting 
mimicking diet (n=65) 
- Plant-based low 

amino acid 
substitution diet. 

Regular diet 
(n=64) 

Tool: 
EORT
C-
QLQ-
C30  

Nausea: 
Nausea severity (mean score): 
- Baseline: Fasting: 4.2 ± 

12.9; regular diet: 4.3 ± 

Secondary outcomes measured 
by EORTC-QLQ-C30 subscales; 
score range: 0-100, higher score 
indicates higher response level: 
GI symptoms: 
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Study 
Design: 
RCT 
 
Country: 
Netherla
nds 
 
Duration
: all CTX 
cycles 

Age (yrs): 
median range 
49-51 (range 
27-71)  
 
Females: 
100% 
 

 
Stage:  
- T1 (9%) 
- T2 (64% 
- T3 (25%) 
- T4 (2%) 
 

Doxorubici
n + 
cyclophos
phamide & 
docetaxel 
 
Emetogen
icity: 
High 
(100%) 
 
Adjuvant 
Therapies
: CTX was 
pre-
surgery 
 
 

- Soups, broths, 
liquids, vitamin 
tablets, and tea. 

- Calorie content 
declined from day 1 
(~1200 kcal), to days 
2–4 (~200 kcal) 

Duration: 4 days; 3 days 
prior to and the day of 
CTX   
 
Compliance:  
- 34% adhered to the 

intervention for at 
least 4 CTX cycles 

- 22% adhered to the 
intervention for all 
CTX cycles  

 

 
Time 
point: 
day of 
CTX 

11.9; p=0.977 between 
groups 

- Halfway through CTX: 
Fasting: 12.1 (SD NR); 
regular diet: 15.5 (SD NR); 
p>0.05 

- Last cycle of CTX: Fasting: 
7.4 (SD NR); regular diet: 
5.9 (SD NR); p>0.05 

Appetite loss (mean score): 
- Baseline: Fasting: 14.5 ± 

24.7; regular diet: 9.8 ± 
18.7; p>0.05 

- Halfway through CTX: 
Fasting: 17.0 (SD NR); 
regular diet: 17.5 (SD NR); 
p>0.05  

- Last cycle of CTX: Fasting: 
21.6 (SD NR); regular diet: 
29.9 (SD NR); p>0.05 

Bowel habits: 
Constipation (mean score): 
- Baseline: Fasting: 2.4 ± 

13.5; regular diet: 2.3 ± 
21.4; p>0.05 

- Halfway through CTX: 
Fasting: 23.0 (SD NR); 
regular diet: 25.1 (SD NR); 
p>0.05 

- Last cycle of CTX: Fasting: 
16.7 (SD NR); regular diet: 
22.2 (SD NR); p>0.05 

Diarrhoea (mean score): 
- Baseline: Fasting: 4.8 ± 

10.8; regular diet: 6.9 ± 
10.6; p>0.05 

- Halfway through CTX: 
Fasting: 7.3 (SD NR); 
regular diet: 7.0 (SD NR); 
p>0.05 

- Last cycle of CTX: Fasting: 
13.7 (SD NR); regular diet: 
10.4 (SD NR); p>0.05 

Quality of life: 
Global quality of life (mean 
score): 
- Baseline: Fasting: 79.5 ± 

18.7; regular diet: 80.5 ± 
19.7; p>0.05 

- Halfway through CTX: 
Fasting: 71.2 (SD NR); 
regular diet: 70.3 (SD NR); 
p>0.05 

- Last cycle of CTX: Fasting: 
61.5 (SD NR); regular diet: 
59.2 (SD NR); p>0.05 

Fatigue: 
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Fatigue severity (mean score): 
- Baseline: Fasting: 23.0 ± 

24.7; regular diet: 19.0 ± 
18.3; p>0.05 

- Halfway through CTX: 
Fasting: 39.3 (SD NR); 
regular diet: 39.8 (SD NR); 
p>0.05 

- Last cycle of CTX: Fasting: 
43.5 (SD NR); regular diet: 
52.8 (SD NR); p>0.05 

Zorn et 
al, 2020  
 
Study 
Design: 
Crossov
er trial 
 
Country: 
German
y 
 
Duration
: 4-6 
CTX 
cycles  

N: 51 
 
Attrition: 59% 
 
Age (yrs): 
range 30-74  
 
Females: 
100% 
 
*Excluded if 
malnourished, 
T2DM, CVD, 
gout, 
administration 
of steroids 

Type: 
Breast/Gy
nae 
- Breast 
(73%) 
- Cervical 
(13%) 
- 
Endometri
al (7%) 
- Ovarian 
(7%) 
 
Stage:  
- T1 (33%) 
- T2 (47% 
- T3 (10%) 
- T4 (10%) 
 
*Only 
included 
those with 
first 
diagnosis 
of new or 
recurrent 
cancer 
 

Type: 
Carboplati
n or Cyclo-
phospham
ide-based 
 
Emetogen
icity: 
- Mod 
(23%) 
- High 
(77%) 
 
Adjuvant 
Therapies
: NR 
 

NR Strategy 1: Fasting (n=27) 
- Fasting (<25% of 

daily energy 
requirements)  

Duration: 4 days (from 3 
days prior to CTX to day of 
CTX) 
 
Strategy 2: Ketogenic diet 
then fasting (n=24) 
- Ketogenic diet with 

normal energy intake 
(maximum of 20-40g 
carbohydrate per 
day, at least 75% of 
energy from fat) 

- Fasting (<25% of 
daily energy 
requirements)  

Duration: Ketogenic diet 
for 6 days then fasting diet 
for 4 days (from 3 days 
prior to CTX to day of 
CTX) 
 
Compliance:  
- Blood ketosis 

detected in 71% 
during fasting state, 
NS difference 
between groups. 

- NS difference in daily 
macronutrient intake 
between groups 
during fasting period 

Usual care 
(normal diet; 
n=51) 

Tool: 
CTCA
E 
 
Time 
point: 
1 
week 
post 
CTX 

Nausea: 
Nausea incidence: 
- Fasting: 29%; normal diet: 

38%; p=0.895 
- NS difference between 

fasting with or without KD; 
p NR 

Nausea severity (mean score; 
scores range 0-10; 0-2=mild, 3-
6=moderate, 7-10=intense): 
- Fasting: 4.24 ± 4.91; 

normal diet: 3.72 ± 4.34; 
p=0.814 

- NS difference between 
fasting with or without KD; 
p NR 

 
Vomiting: 
Vomiting incidence: 
- Fasting: 0; normal diet: 4%; 

p=0.413 
- NS difference between 

fasting with or without KD; 
p NR 

Vomiting severity (mean score; 
scores range 0-10; 0-2=mild, 3-
6=moderate, 7-10=intense): 
- Fasting: 0.45 ± 1.14; 

normal diet: 0.21 ± 0.84; 
p=0.11 

- NS difference between 
fasting with or without KD; 
p NR 

GI symptoms: 
Measured by CTCAE: 
Reduced appetite incidence:  
- Fasting: 7%; normal diet: 

20%; p=0.150 
Reduced appetite severity 
(mean score):  
- Fasting: 2.75 ± 4.75; 

normal diet: 4.51 ± 5.01; 
p=0.164 

Stomach pains incidence:  
- Fasting: 0%; normal diet: 

3%; p=0.695 
Stomach pains severity (mean 
score):  
- Fasting: 2.25 ± 3.69; 

normal diet: 1.66 ± 3.25; 
p=0.215 

Hunger incidence:  
- Fasting: 0%; normal diet: 

6%; p=0.606 
Hunger severity (mean score):  
- Fasting: 4.98 ± 5.23; 

normal diet: 5.36 ± 5.48; 
p=0.813 

Stomatitis incidence:  
- Fasting: 6%; normal diet: 

26%; p=0.013 
Esophagitis incidence:  
- Fasting: 4%; normal diet: 

3%; p=0.892 
 
Bowel habits: 
Measured by CTCAE: 
Constipation incidence:  
- Fasting: 9%; normal diet: 

7%; p=0.688 
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Constipation severity (mean 
score):  
- Fasting: 3.06 ± 3.83; 

normal diet: 3.17 ± 4.42; 
p=0.385 

Diarrhoea incidence:  
- Fasting: 4%; normal diet: 

3%; p=0.877 
Diarrhoea severity (mean score):  
- Fasting: 0.78 ± 2.34; 

normal diet: 1.00 ± 2.88; 
p=0.489 

 
Fatigue: 
Measured by FACIT-F: 
Fatigue incidence:  
- Fasting: 46%; normal diet: 

38%; p=0.882 
- NS difference between 

fasting with or without KD; 
p NR 

Fatigue severity (mean score):  
- Fasting: 6.63 ± 5.66; 

normal diet: 7.96 ± 5.52; 
p=0.094 

- NS difference between 
fasting with or without KD; 
p NR 

 
Quality of life: 
Measured by EORTC QLQ-30: 
- No sig differences between 

fasting and normal diet; 
effect sizes and p value not 
reported 

- NS difference between 
fasting with or without KD; 
p NR 

Colourless/Odorless Diet 
Menashi
an et al., 
1992  
 

Study 
Design: 
RCT 
 

N: 20 
 
Attrition: NR 
 
Age (yrs): 
range 25-84  
 
Females: 53% 

Type: 
mixed 
(lung, 
ovarian, 
head & 
neck, 
rectal, 
testicular, 
bladder, 

Type: 
cisplatin-
based 
 
Emetogen
icity: High 
(100%) 
 

Yes Strategy: colourless, 
odorless, predetermined 
meals (n=10) 
- Three times daily 

(breakfast, lunch, 
dinner) inpatient 
meals 

- ¼ cup low-fat cottage 
cheese; ½ cup 

Control: 
selected 
own meals 
from 
inpatient 
menu (n=10) 

Tool: 
Resea
rcher- 
develo
ped 
survey 
 
Timep
oint: 

Vomiting: 
Mean number of vomiting 
episodes: 
- Day 1: IG: 0.5; CG: 3.2; p 

NR 
- Day 2: IG: 2.8; CG: 1.1; p 

NR 
- Day 3: IG: 1.6; CG: 2.6; p 

NR 

Nil 
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Country: 
USA 
 
Duration
: 1 CTX 
cycle 
 

gastric, 
prostate; 
number of 
each NR) 
 
Stage: 
Metastatic 

Adjuvant 
Therapies
: NR 
 

unsweetened apple 
sauce; 160mL cream 
soup, served hot; 
90mL vanilla ice 
cream; 120 mL 
gelatin; 360mL cola-
flavoured sweetened 
carbonated 
beverage, served 
with ice 

- Energy intake: 1650 
kcal/day 

 
Duration: 3 days 
 
Compliance: NR 
 

day of 
CTX 
to 3 
days 
post 

Mean volume of vomit: 
- Day 1: IG: 110mL; CG: 

250mL; p NR 
- Day 2: IG: 140mL; CG: 

120mL; p NR 
- Day 3: IG: 10mL; CG: 

200mL; p NR 
 

Food/Drink/Macronutrient Intake 
Alcohol 
Di Mattei 
et al, 
2015  
 
Study 
Design: 
Prospect
ive 
cohort 
 
Country: 
Italy 
 
Duration
: 1 CTX 
Cycle 
(any 
cycle) 
 

N: 94 
 
Attrition: 0% 
 
Age (yrs): 
mean 58.9 ± 
12.7 
 
Females: 
100% 
 

Type: 
Gynae: 
- Ovarian 
(67%) 
- Uterine 
(33%) 
 
Stage: NR 
 

Type: NR 
 
Emetogen
icity: 
- Low 
(13%) 
- Mod 
(73%) 
- High 
(14%)  
 
Adjuvant 
Therapies
: NR 
 
 
 
 

Yes  Strategy: Alcohol intake 
(amount unspecified) 
(n=14) 
 
Duration: NR  
 
Compliance: N/A 

No alcohol 
intake 
(n=80) 

Tool: 
MAT 
 
Time 
point: 
Day 
1&4 of 
CTX 
C1 

Nausea: 
Acute incidence: 
- Univariate analysis: Alcohol 

vs. no alcohol: B coefficient 
0.907; OR: 2.476; p=0.124  

- Multivariate analysis: Sig 
greater odds with alcohol 
vs. no alcohol: B coefficient 
1.384; OR: 3.991; p=0.047 

Delayed incidence: 
- Univariate analysis: Alcohol 

vs. no alcohol: B coefficient 
0.890; OR: 2.435; p=0.139 

- Multivariate analysis: NS 
(values NR) 

Overall nausea severity: 
- NS effect with alcohol 

(values NR) 
Vomiting:  
Delayed incidence: 
- Univariate analysis: Alcohol 

vs. no alcohol: B coefficient 
0.340; OR: 1.406; p=0.636 

- Multivariate analysis: NS 
(values NR) 

Nil 
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Hesketh 
et al, 
2009  
 
Study 
Design: 
Observa
tion from 
RCT  
 
Country: 
USA 
 
Duration
: 5 days 
of CTX 
Cycle 1 

N: 1043 
 
Attrition: NR 
 
Age (yrs): 
mean 56 
 
Females: 41% 
 

Type: 
mixed  
- 
respiratory 
(43%)  
- 
urogenital 
(27%)  
- digestive 
(11%) 
- other 
(19%) 
 
Stage: NR 

Type: 
Cisplatin 
 
Emetogen
icity: High 
(100%) 
 
Adjuvant 
Therapies
: NR 
 

Yes 
 

Strategy: ³5 standard 
alcohol drinks per week 
(n=893) 
 
Duration: NR 
 
Compliance: N/A 
 

Light/non-
drinker (<5 
alcohol 
drinks per 
week; 
n=150) 
 
 

Tool: 
VAS 
 
Time 
point: 
Daily, 
day of 
CTX 
C1 to 
5 days 
post  

CINV: 
Incidence of complete response:  
(no emetic episodes and no 
rescue therapy in the 5-day 
study period) 
- Drinker: n=634/893 (71%); 

Light/non-drinker: n=84/150 
(56%); p=0.027 

Relative Risk of complete 
response: 
- Drinker vs. Light/non-

drinker + aprepitant: RR 
1.21, 95% CI: 1.06-1.38; 
p=0.017 

- Drinker vs. Light/non-
drinker + standard anti-
emetics: RR 1.34, 95% CI: 
1.09-1.65; p=0.016 

Nil 

Hilarius 
et al, 
2011  

 
Study 
Design: 
Prospect
ive 
cohort 
 
Country: 
Netherla
nds 
 
Duration
: CTX 
Cycles 
1-3 

N: 275 
 
Attrition: 19% 
 
Age (yrs): 
Range 25-87 
 
Females: 69% 

Type: 
mixed  
- breast 
(46%) 
- lung 
(23%) 
- 
colorectal 
(10%) 
- 
urogenital 
(3%) 
- gynae 
(4%) 
- 
lymphoma 
(6%) 
- other 
(9%) 
 
Stage: NR 

Type: NR 
 
Emetogen
icity: 
- Mod 
(63%) 
- High 
(37%) 
 
Adjuvant 
Therapies
: NR 
 

Yes 
 
 

Strategy 1: 1-4 alcoholic 
drinks per week (n=96) 
Strategy 2: 5-10 alcoholic 
drinks per week (n=34) 
Strategy 3: ³11 alcoholic 
drinks per week (n=29) 
 
Duration: NR 
 
Compliance: N/A 
 

No alcohol 
(n=108) 

Tool: 
VAS 
 
Time 
point: 
daily, 
from 1 
day 
prior 
to 7 
days 
after 
CTX 

Nausea: 
Acute nausea incidence  
(VAS >5mm/100mm within 24 
hours of CTX): 
- No alcohol: C1 n=48/108 

(44%); C2 n=40/108 (37%); 
C3 n=45/108 (42%); 
average C1-C3 (41%) 

- 1-4 drinks: C1 n=38/96 
(40%); C2 n=44/96 (46%); 
C3 n=49/96 (51%); average 
C1-C3 (46%) 

- 5-10 drinks: C1 n=11/34 
(31%); C2 n=11/34 (33%); 
C3 n=9/34 (25%); average 
C1-C3 (30%) 

- ³11 drinks: C1 n=7/29 
(24%); C2 n=7/29 (23%); 
C3 n=7/34 (25%); average 
C1-C3 (24%) 

- p=0.03 between groups 
Delayed nausea incidence 
(any episode of nausea 24hrs to 
5 days post CTX): 
- No alcohol: C1 71%; C2 

60%; C3 65% 
- 1-4 drinks: C1 68%; C2 

71%; C3 74% 
- 5-10 drinks: C1 57%; C2 

64%; C3 64% 

Quality of life:  
(CINV-related quality of life; 
measured by functional living 
index emesis (FLIE); score of 
<108/126 indicates impact on 
daily life): 
- No alcohol: C1 39%; C2 

35%; C3 47% 
- 1-4 drinks: C1 43%; C2 

45%; C3 45% 
- 5-10 drinks: C1 18%; C2 

25%; C3 25% 

- ³11 drinks: C1 30%; C2 
27%; C3 11% 

- p>0.05 
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- ³11 drinks: C1 62%; C2 
62%; C3 50% 

- p>0.05 between groups 
Vomiting: 
Acute vomiting incidence  
(at least 1 vomiting episode 
within 24 hours of CTX): 
- No alcohol: C1 19%; C2 

13%; C3 21%; average C1-
C3 (18%) 

- 1-4 drinks: C1 11%; C2 
18%; C3 21%; average 
(17%) 

- 5-10 drinks: C1 9%; C2 
15%; C3 29%; average C1-
C3 (18%) 

- ³11 drinks: C1 0%; C2 
15%; C3 10%; average C1-
C3 (8%) 

- P=0.02 between groups 
Delayed vomiting incidence  
(any episode of  vomiting 24hrs 
to 5 days post CTX): 
- No alcohol: C1 27%; C2 

35%; C3 47% 
- 1-4 drinks: C1 23%; C2 

45%; C3 45% 
- 5-10 drinks: C1 17%; C2 

25%; C3 25% 

- ³11 drinks: C1 17%; C2 
27%; C3 11% 

- p>0.05 between groups 
Sekine 
et al, 
2013  
 
Study 
Design: 
Prospect
ive 
cohort 
 
Country: 
Japan 

N: 1549 
 
Attrition: 0% 
 
Age (yrs): 
70% 20-55  
 
Females: 54% 

Type: 
mixed, 
types NR 
 
Stage: NR 

Type: 
92% 
cisplatin or 
cyclophos. 
based 
 
Emetogen
icity: 
Moderate 
or high (% 
NR) 
 
Adjuvant 
Therapies
: NR 

Yes Strategy: Habitual alcohol 
intake (amount 
unspecified) (n=705) 
 
Duration: NR 
 
Compliance: N/A 
 
 

Non-habitual 
alcohol 
intake 
(n=844) 

Tool: 
VAS 
 
Time 
point: 
daily 
for 5 
days 
post 
CTX 
C1 

Nausea: 
Acute nausea (0-24hrs post 
CTX):  
Incidence of nausea of any 
grade: 
- Alcohol: n=197/705 (28%), 

No alcohol: n=371/844 
(44%), p NR 

- Non-habitual alcohol intake 
sig increased odds vs. 
habitual alcohol intake: OR: 
1.44; 95% CI: 1.13-1.83); 
p<0.01 

Treatment failure incidence: 

Nil 
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 - Alcohol: n=15%, No 
alcohol: n=30%, p NR 

- Non-habitual alcohol intake 
sig increased odds vs. 
habitual alcohol intake: OR: 
2.52; 95% CI: 1.95-3.25); 
p<0.01 

Delayed nausea (24-120hrs post 
CTX):  
Incidence of nausea of any 
grade: 
- Alcohol: n=402/705 (57%), 

No alcohol: n=574/844 
(68%), p NR 

- Non-habitual alcohol intake 
sig increased odds vs. 
habitual alcohol intake: OR: 
1.33; 95% CI: 1.03-1.71); 
p=0.028 

Treatment failure incidence: 
- Alcohol: n=42%, No 

alcohol: n=52%, p NR 
- Non-habitual alcohol intake 

sig increased odds vs. 
habitual alcohol intake: OR: 
1.53; 95% CI: 1.25-1.87); 
p<0.01 

Uomori 
et al, 
2017  
 
Study 
Design: 
Prospect
ive 
cohort  
 
Country: 
Japan 

N: 81 
 
Attrition: 0% 
 
Age (yrs): 
median 44 
(range 30-55) 
 
Females: 
100% 
 

Type: 
breast 
 
Stage:  
I (7%) 
II (78%) 
III 15%) 

Type: 5-
flourouraci
l, 
epirubicin 
& cyclo-
phospham
ide 
 
Emetogen
icity: High 
(100%) 
 
Adjuvant 
Therapies
: NR 
 

Yes Strategy 1: Habitual 
alcohol intake (³3 
times/week) (n=25) 
Strategy 2: Social alcohol 
intake (1-2 times/week) 
(n=31) 
 
Duration: NR 
 
Compliance: N/A 

No alcohol 
intake or 
<once/week 
(n=25) 

Tool: 
CTCA
E 
 
Time 
point: 
daily 
for 5 
days 
post 
CTX 
C1 

Vomiting: 
Complete response incidence  
(no vomiting without rescue anti-
emetics within 120hr after CTX): 
- Habitual alcohol: n=17/25; 

social alcohol: n=17/31; no 
alcohol: 8/25; p=0.036  

- Habitual/social: n=34/56 
(61%); no alcohol: 8/25 
(32%); p=0.029 

- Alcohol intake 
(habitual/social) sig 
increased odds of complete 
response: OR: 3.84; 95% 
CI: 1.33-12.40; p=0.013 

Nil 

Warr et 
al., 2011  
 
Design: 
observat

N: 866 
 
Attrition: 0% 
 

Type: 
breast 
 
Stage: NR 

Type: 
cyclo-
phospham
ide. & 
doxorubici

Yes Strategy: Alcohol intake 
(≥5 alcoholic drinks/week) 
(n=99) 
 
Duration: NR 

Light/non-
drinker (<5 
drinks/week) 
(n=767) 

Tool: 
VAS 
 
Time 
point: 

Nausea: 
Incidence of no significant 
nausea 
(during 1-5 days after CTX): 

Nil 
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ion from 
RCT 
 
Country: 
USA 

Age (yrs): 
mean 53 
 
Females: 
100% 

n or 
epirubicin  
 
Emetogen
icity: 
Moderate 
(100%) 

 
Compliance: N/A 
 

daily 
for 5 
days 
post 
CTX 
C1 

- Light/non drinker + 
aprepitant: n=460/767 
(60%); drinker + aprepitant: 
n=63/99 (64%), p>0.05 

- Light/non drinker + 
standard anti-emetics: 
n=430/767 (56%); drinker + 
standard anti-emetics: 
n=54/99 (55%), p>0.05 

 
Vomiting: 
Complete response incidence  
(no vomiting during 1-5 days 
after CTX): 
- Light/non drinker + 

aprepitant: n=575/767 
(75%); drinker + aprepitant: 
n=82/99 (83%), p<0.05 

- Light/non drinker + 
standard anti-emetics: 
n=437/767 (57%); drinker + 
standard anti-emetics: 
n=78/99 (79%), p<0.05 

Xu et al., 
2021   
 
Study 
Design: 
Cross-
sectional 
survey 
 
Country: 
China 
 
Duration
: CTX 
Cycle 1 
 

N: 145 
 
Attrition: NR 
 
Age (yrs): ≤55 
(51%) 
>55 (49%) 
 
Females: 55% 
 

Type: 
Mixed: 
- Gastric 
(31%) 
- 
Oesophag
eal (6%) 
- 
Colorectal 
(33%) 
- Non-
gastrointe
stinal 
(30%) 
 
Stage:  
- IV (66%) 
- Other 
(34%) 
 

Type: NR 
 
Emetogen
icity:  
- High 
(34%) 
- Moderate 
(66%) 
 
Adjuvant 
Therapies
: NR 

Yes Strategy: Alcohol ≥5 
times per week (n=44) 

 
Duration: NR 
 
Compliance: N/A 

Alcohol <5 
times per 
week 
(n=101) 

Tool: 
MAT 
 
Time 
point: 
NR 

Vomiting: 
Acute vomiting incidence: 
- Alcohol ≥5/week: n=0 (0%); 

<5/week: n=2 (1%); p=1.00 
Delayed vomiting incidence: 
- Any sex: Alcohol ≥5/week: 

n=2 (1%); <5/week: n=15 
(10%); p=0.08 

- Males: Alcohol ≥5/week: 
n=1 (2%); <5/week: n=6 
(9%); p=0.036 

- Males: NR  
 

Nil 

Non-alcoholic drinks 
Ingersoll 
et al., 
2010  
 

N: 77 
 
Attrition: 51% 
 

Type: 
mixed: 
- Breast 
(70%) 

Type:  
-
Doxorubici
n (73%) 

Yes Strategy: Concord grape 
juice (n=40) 
- 118mL chilled 30 

mins prior to meals 

Placebo 
(water, 
sweeteners, 
grape 

Tool: 
INV-R 
 

CINV: 
Mean severity score: 

QoL: 
Measured by MQOL: 
Mean score: 
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Study 
Design: 
RCT 
 
Country: 
USA 
 
Duration
: 4 CTX 
cycles 

Age (yrs): 
mean 54.3 ± 
12.5 
 
Females: 81%  
 

- Lung 
(6%) 
- 
Lymphom
a (6%) 
- Non-
Hodgkin 
lymphoma 
(5%) 
- Prostate 
(3%) 
- Colon 
(3%) 
- Other 
(6%) 
 
Stage: NR 
 

-Cyclo-
phospham
ide (47%) 
-
Retuximab 
(10%) 
- 
Docetaxel 
(9%) 
- Other 
(42%) 
 
Emetogen
icity: 
Moderate 
or high (% 
NR) 
 
Adjuvant 
Therapies
: NR 
 

and additional 118mL 
as needed for nausea 

- Juice equated to 
flavonoid intake of 
720-960mg per day 
(4.8-6.4 times the 
usual phenolic intake) 

Duration: one week, from 
evening of day of CTX 
 
Compliance: NR 

essence, 
food 
colouring) 
(n=37) 

Time 
point: 
daily 
for 
seven 
days 
from 
CTX 

(lower score indicates less 
frequency, duration, and 
distress; range 0-4): 
- Week 1: IG: 1.6; CG: 1.7; 

p=0.84 
- Week 2: IG: 1.7; CG: 2.1; 

p=0.71 
- Week 3: IG: 0.9; CG: 1.7; 

p=0.29 
- Week 4: IG: 1.6; CG: 2.0; 

p=0.67 
Nausea: 
Nausea frequency: 
- Grape juice reduced by 

0.64 times, but p>0.05 
Nausea distress: 
- Grape juice reduced by 

0.98 times, but p>0.05 
Vomiting: 
Vomiting frequency: 
- Grape juice increased by 

0.13 times, but p>0.05 
Vomiting amount: 
- Grape juice reduced by 

0.33 times, but p>0.05 
Vomiting distress: 
- Grape juice reduced by 

0.11 times, but p>0.05 

- Baseline: IG: 7.8; CG: 7.7; 
p=0.74 

- Final: IG: 8.1; CG: 7.6; 
p=0.13 

Anxiety: 
Measured by MAACL-R: 
Mean score: 
- Baseline: IG: 2.4; CG: 3.3; 

p=0.13 
- Final: IG: 0.19; CG: 2.3; 

p=0.005 
Depression: 
Measured by MAACL-R: 
Mean score: 
- Baseline: IG: 0.4; CG: 0.8; 

p=0.11 
- Final: IG: 0; CG: 0.83; 

p=0.02 
Adverse effects: 
Measured by researcher-
developed tool: 
- Gastric distress and 

indigestion (n=7)  

Das et 
al., 2020   
 

Study 
Design: 
Post-test 
 
Country: 
India 
 
Duration
: five 
weeks 
 

N: 100 
 
Attrition: NR 
 
Age (yrs): 
majority 
ranged from 
26-60  
 
Females: 44% 

Type: NR 
 
Stage: NR 
 

Type: NR 
 
Emetogen
icity: NR 
 
Adjuvant 
Therapies
: NR 
 

NR Strategy: Ginger tea 
(n=50) 
 
Duration: NR 
 
Compliance: NR 

Unspecified 
control 
(n=50) 

Tool: 
Resea
rcher-
develo
ped 
 
Time 
point: 
NR 

CINV: 
Post-test CINV Incidence: 
- None: IG: 39%; CG: 9%; p 

NR 
- Mild: IG: 61%; CG: 52%; p 

NR 
- Moderate: IG: 0%; CG: 

39%; p NR 
- Severe: IG: 0%; CG: 0%; p 

NR 
Post-test CINV severity (mean, 
SD score) 
- IG: 4.96 ± 4.18; CG: 14.74 

± 7.51; p<0.0001 

Nil 

Mixed Foods/Macronutrients 
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Mardas 
et al., 
2017  
 
 
Study 
Design: 
Cross-
sectional 
 
Country: 
Poland 
 
Duration
: 3 days 
prior to 
CTX of 
³cycle 3 
 

N: 44 
 
Attrition: NR 
 
Age (yrs): 
mean 58.6 ± 
1.5 
 
Females: 
100% 
 

Type: 
Ovarian  
 
Stage:  
- Early 
(25%) 
- 
Advanced 
(75%) 
  

Type:  
-Platinum-
based 
(80%) 
-
Antracycli
nes (12%) 
-
Topotecan 
(9%) 
 
Emetogen
icity: NR 
 
Adjuvant 
Therapies
: NR 
 
 

Yes Strategy: Lower energy 
intake 
- Mean intake 452 kcal 

lower comparing 
marginal values by 
nausea incidence 
(1619 to 1167 kcal)  

- Mean intake 443 kcal 
lower comparing 
marginal values by 
vomiting incidence 
(1493 to 1050 kcal) 

- Measured by self-
reported 24hr food 
recall, with data 
checked by dietitian 

Duration: NR 
 
Compliance: N/A 

Higher 
energy/ 
protein/ fat/ 
carbohydrat
e intake 
(specific 
amounts 
NR) 

Tool: 
Resea
rcher- 
develo
ped 
validat
ed 
survey 
 
Time 
point: 
3 days 
prior 
to 
CTX 

Nausea: 
Incidence: 
- Lower energy intake sig 

increased nausea (r: –0.38; 
95% CI: –0.62 to –0.08, 
p=0.01) 

Vomiting: 
Incidence: 
- Lower energy intake sig 

increased vomiting (r: –
0.56; 95% CI: –0.74 to –
0.30, p=0.0002) 

Bowel habits 
Measured by Researcher- 
developed validated survey: 
Diarrhoea incidence: 
- No sig effect of lower 

energy intake (r: –0.05; 
95% CI: –0.35 to 0.26, 
p=0.751) 

Constipation incidence: 
- No sig effect of lower 

energy intake (r: –0.21; 
95% CI: –0.49 to 0.10, 
p=0.180) 

 

Strategy: Lower protein 
intake 
- Specific intake NR 
Duration: NR 
 
Compliance: N/A 
 

Nausea: 
Incidence: 
- No sig effect of lower 

protein intake (r: –0.24; 
p>0.05) 

Vomiting: 
Incidence: 
- Lower protein intake sig 

increased vomiting (r: –
0.49; p<0.01) 

Nil 

Strategy: Lower total fat 
intake 
- Specific intake NR 
Duration: NR 
 
Compliance: N/A 
 

Nausea: 
Incidence: 
- Lower fat intake sig 

increased nausea (r: –0.43; 
p<0.01) 

Vomiting: 
Incidence: 
- Lower fat intake sig 

increased vomiting (r: –
0.47; p<0.01) 

Strategy: Lower 
carbohydrate intake 
- Specific intake NR 
Duration: NR 
 
Compliance: N/A 
 

 Nausea: 
Incidence: 
- No sig effect of lower 

carbohydrate intake (r: –
0.19; p>0.05) 

Vomiting: 
Incidence: 
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- Lower carbohydrate intake 
sig increased vomiting (r: –
0.49; p<0.05) 

Strategy: Consumption of: 
- Milk and dairy 

products  
- Eggs 
- Candies  
- Cookies 
- Ice cream 
- Citrus fruits 
- Tropical fruits 
- Berries 
- Pear 
- Apple 
- Banana 
- Cruciferous 

vegetables  
- Bulb vegetables 
- Tomato  
- Paprika  
- Legumes 
- Vegetable juice 
- Processed meat 
- Fat-rich fish  
- Oils 
Duration: NR 
 
Compliance: N/A 
 

Nil Nausea: 
Nausea incidence: 
- All moderately increased 

nausea incidence (reported 
by 5-10% of participants to 
increase nausea), p NR 

- Oils significantly increased 
nausea incidence (reported 
by >10% of participants to 
increase nausea), p NR 

Strategy: Consumption of: 
- Oils 
- Bulb vegetables 
- Processed meat 
Duration: NR 
 
Compliance: N/A 
 

 Vomiting: 
Vomiting incidence: 
- All moderately increased 

vomiting incidence 
(reported by 5-10% of 
participants to increase 
vomiting), p NR 

 
Nutrition Education and Support 
Delivered by Dietitian 
de 
Souza et 
al., 2021  
 
Study 
Design:  
RCT 
 

N: 34 
 
Attrition: 12% 
 
Age (yrs): 
mean range 
44-46 
 

Type: 
Breast 
  
Stage:  
- II (65%) 
- III (32%) 
- Unknown 
(3%) 

Type: 
doxorubici
n, 
cyclophos-
phamide  
 

Yes Strategy: Nutrition 
education with 
personalised diet plan 
(n=19) 
- Two information 

pamphlets given: 1). 
healthy eating 
benefits: general 

Nutrition 
education (2 
pamphlets 
and phone 
calls) with 
usual diet 
(n=15) 

Tool: 
CTCA
E 
 
Time 
point: 
2 and 
7-days 

Nausea: 
Measured by CTCAE: 
Frequency:  
- T1: IG: 100%; CG: 

n=100%, p=1.000 
- T2: IG: 84%; CG: 100%, 

p=1.00 

Bowel habits: 
Measured by CTCAE: 
Diarrhoea incidence: 
- Cycle 1: IG: 11%; CG: 

27%, p=0.37 
- Cycle 2: IG: 5%; CG: 7%, 

p=1.00 
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County: 
Switzerl
and 
 
Duration
: first 
three 
CTX 
cycles 

Females: 
100% 
 

 Emetogen
icity: High 
(100%) 
 
Adjuvant 
Therapies
: NR 
 

healthy eating 
guidelines; 2). CINV-
specific: e.g. 
consuming cold 
foods, eating small 
meals frequently, 
avoiding spicy/ very 
sweet/ greasy/ fried 
foods, consuming 
liquids with ice. 

- Education reinforced 
at phone calls for 
data collection (2 and 
7-days post CTX). 

- Meal plan by dietitian 
(25-30 kcal/kg/day of 
energy; 1.5 g/kg/day 
of protein)  

Duration: 3 CTX cycles 
 
Compliance: NR 

post 
CTX 
cycles 
1-3 

- T3: IG: 84%; CG: 100%, 
p=1.00 

Vomiting: 
Measured by CTCAE: 
Frequency: 
- Cycle 1: IG: 53%; CG: 

80%, p=1.00 
- Cycle 2: IG: 16%; CG: 

20%, p=1.00 
- Cycle 3: IG: 16%; CG: 

33%, p=0.42 
CINV 
Measured by EORTC-QLQ-30: 
Mean severity score: 
- Baseline: IG: 28.6 ± 5.5; 

CG: 27.8 ± 9.1, Cohens d: 
0.11, p>0.05 

- Cycle 1: IG: 44.4 ± 22.7; 
CG: 16.7 ± 0.1, Cohens d: 
1.64, p<0.05 

- Cycle 2: IG: 33.3 ± 0.1; CG: 
21.4 ± 2.8, Cohens d: 6.37, 
p<0.05 

- Cycle 3: IG: 16.7 ± 0.1; CG: 
23.3 ± 3.7, Cohens d: 2.67, 
p<0.05 

- P interaction <0.001 
- P time = 0.02 
- P group = 0.07 
 

- Cycle 3: IG: 11%; CG: 0%, 
p NR 

Constipation incidence: 
- Cycle 1: IG: 26%; CG: 

53%, p=0.11 
- Cycle 2: IG: 37%; CG: 

47%, p=0.76 
- Cycle 3: IG: 11%; CG: 

40%, p=0.11 
GI Symptoms:  
Appetite loss incidence: 
Measured by CTCAE: 
- Cycle 1: IG: 58%; CG: 

67%, p=0.73 
- Cycle 2: IG: 58%; CG: 

67%, p=0.91 
- Cycle 3: IG: 42%; CG: 

67%, p=0.27 
Appetite loss severity score: 
Measured by EORTC-QLQ-C30 
subscale; score range: 0-100, 
higher score indicates higher 
appetite loss: 
- Baseline: IG: 80.0 ± 11.9; 

CG: 50.0 ± 10.4, Cohens d: 
2.66, p<0.05 

- Cycle 1: IG: 33.3 ± 0.1; CG: 
33.3 ± 0.1, Cohens d: 0.00, 
p>0.05 

- Cycle 2: IG: 50.0 ± 11.8; 
CG: 41.7 ± 7.2, Cohens d: 
0.83, p<0.05 

- Cycle 3: IG: 33.3 ± 0.1; CG: 
38.9 ± 5.1, Cohens d: 1.65, 
p<0.05 

- P interaction = 0.20 
- P time <0.001 
- P group = 0.17 
Abdominal pain incidence: 
Measured by CTCAE: 
- Cycle 1: IG: 37%; CG: 

60%, p=0.18 
- Cycle 2: IG: 16%; CG: 

53%, p=0.03 
- Cycle 3: IG: 11%; CG: 

33%, p=0.21 
Mucositis incidence: 
Measured by CTCAE: 
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- Cycle 1: IG: 0%; CG: 13%, 
p=0.19 

- Cycle 2: IG: 16%; CG: 
27%, p=0.68 

- Cycle 3: IG: 16%; CG: 
27%, p=0.68 

Fatigue: 
Measured by EORTC-QLQ-C30 
subscales; score range: 0-100, 
higher score indicates higher 
fatigue: 
Mean severity score: 
- Baseline: IG: 27.0 ± 3.8; 

CG: 29.3 ± 7.5, Cohens d: 
0.4, p>0.05 

- Cycle 1: IG: 28.6 ± 7.0; CG: 
26.7 ± 5.5, Cohens d: 0.3, 
p>0.05 

- Cycle 2: IG: 27.2 ± 6.1; CG: 
26.9 ± 4.2, Cohens d: 0.06, 
p>0.05 

- Cycle 3: IG: 32.1 ± 7.3; CG: 
33.3 ± 5.2, Cohens d: 0.19, 
p>0.05 

- P interaction = 0.95 
- P time = 0.45 
- P group = 0.96 
Quality of life: 
Measured by EORTC-QLQ-C30; 
score range: 0-100, higher score 
indicates higher quality of life: 
Global quality of life (mean 
score): 
- Baseline: IG: 60; CG: 78 
- Cycle 1: IG: 70; CG: 85 
- Cycle 2: 68; CG: 78 
- Cycle 3: IG: 68; CG: 80 
- p >0.05 (data not reported) 

Durrieu 
et al., 
2011  
 

Study 
Design:  
non-
controlle
d trial 
 

N: 33 
 
Attrition: 48% 
 
Age (yrs): 
mean 76.5 ± 
5.3 
 
Females: 52% 
 

Type: 
mixed: 
- 
Colorectal 
(21%) 
- 
Lymphom
a (18%) 
- Stomach 
18%) 

Type: NR 
 
Emetogen
icity: NR 
 
Adjuvant 
Therapies
: NR 
 

NR 
 

Strategy: Non-CINV 
specific nutrition education 
and support with dietetic 
consultations (n=33) 
- Face to face 

fortnightly 
consultations with 
dietitian and 
caregiver at each 

Before 
treatment 

Tool: 
Resea
rcher-
develo
ped 
survey 
 
Time 
point: 
NR 

CINV: 
CINV incidence: 
- Before treatment: 2/33 (6%) 
- Follow-up visit 1: 7/32 

(22%) 
- Follow-up visit 2: 6/30 

(20%) 
- Follow-up visit 3: 1/28 (4%) 
- Follow-up visit 4: 2/25 (8%) 

Bowel habits: 
Measured by researcher-
developed survey: 
Transit disorders: 
- Before treatment: 2/33 

(12%) 
- Follow-up visit 1: 7/32 

(14%) 
- Follow-up visit 2: 6/30 

(10%) 
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County: 
France 
 
Duration
: first 
three 
months 
of CTX 

- Pancreas 
(12%) 
- Lung 
(12%) 
- Breast 
(9%) 
- Bladder 
(6%) 
- Prostate 
(3%) 
  
Stage: 
Palliative 
 

chemotherapy 
session 

- Education on eight 
dietary advice cards:  

1. Food balance: food 
groups for a diverse, 
balanced & enriched diet 
(given to n=25) 
2. Loss of appetite & 
enrichment: behaviour 
advice- snacking, odour & 
presentation of food, 
enrichment methods 
(n=27) 
3. Transit disorders: 
diarrhea & constipation, 
fibre, fluid (n=21) 
4. Nausea & vomiting: 
behavioural advice- avoid 
eating out, maintain sitting 
posture for at least 30 
minutes after the meal, 
have cold foods to limit 
odours, eat at least two 
hours after chemotherapy, 
slow the rate of ingestion 
of food and liquids (n=6) 
5. Taste disorders: food 
advice - e.g. baking soda, 
spices, salt, acidity (n=5) 
6. Oral pain & dryness: 
food advice - e.g. salt, 
sugar, creamy foods, 
sticky foods (n=1) 
7. Swallowing disorders: 
texture modification (n=2) 
8. Diabetes: carbohydrate 
counting (n=4) 
 
Duration: NR 
 
Compliance: N/A 
 
 
 

- Follow-up visit 5: 2/20 
(10%) 

- Follow-up visit 6: 3/16 
(19%) 

- p NR 

- Follow-up visit 3: 1/28 (9%) 
- Follow-up visit 4: 2/25 (7%) 
- Follow-up visit 5: 2/20 (8%) 
- Follow-up visit 6: 3/16 (6%) 
- p NR 
 
GI symptoms: 
Measured by researcher-
developed survey: 
Loss of appetite: 
- Before treatment: 2/33 

(21%) 
- Follow-up visit 1: 7/32 

(15%) 
- Follow-up visit 2: 6/30 

(16%) 
- Follow-up visit 3: 1/28 

(17%) 
- Follow-up visit 4: 2/25 

(14%) 
- Follow-up visit 5: 2/20 

(15%) 
- Follow-up visit 6: 3/16 

(10%) 
- p NR 
Taste disorders: 
- Before treatment: 2/33 (2%) 
- Follow-up visit 1: 7/32 (9%) 
- Follow-up visit 2: 6/30 

(10%) 
- Follow-up visit 3: 1/28 

(10%) 
- Follow-up visit 4: 2/25 (4%) 
- Follow-up visit 5: 2/20 (7%) 
- Follow-up visit 6: 3/16 (4%) 
- p NR 
Oral pain: 
- Before treatment: 2/33 (0%) 
- Follow-up visit 1: 7/32 (2%) 
- Follow-up visit 2: 6/30 (1%) 
- Follow-up visit 3: 1/28 (1%) 
- Follow-up visit 4: 2/25 (0%) 
- Follow-up visit 5: 2/20 (0%) 
- Follow-up visit 6: 3/16 (1%) 
- p NR 
Swallowing disorders: 
- Before treatment: 2/33 (1%) 
- Follow-up visit 1: 7/32 (2%) 
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- Follow-up visit 2: 6/30 (2%) 
- Follow-up visit 3: 1/28 (1%) 
- Follow-up visit 4: 2/25 (0%) 
- Follow-up visit 5: 2/20 (0%) 
- Follow-up visit 6: 3/16 (1%) 
- p NR 

Najafi et 
al, 2018 
 
 
Study 
Design: 
RCT 
 
Country: 
Iran 
 
Duration
: 3 
cycles of 
CTX 

N: 150 
 
Attrition: 9% 
 
Age (yrs): 
mean 46.4 ± 
10.8 
 
Females: 
100% 

Type: 
breast 
 
Stage: IA 
to IIIB, 
without 
distant 
organ 
metastase
s 

Type: 
doxorubici
n, cyclo-
phospham
ide, and 
docetaxel 
 
Emetogen
icity: 
High 
(100%) 
 
Adjuvant 
Therapies
: Surgery 
completed
, others 
NR 
 

Yes Strategy: CINV-specific 
nutrition education and 
support with personalised 
diet plan and dietetic 
consultations (n=75) 
- Face to face 

consultation with 
dietitian 1hr prior to 
CTX 

- Education on food 
behaviours: eat small 
meals frequently, 
avoid eating in warm 
environment, rinse 
mouth before/after 
meals, sit up or lie 
with head raised for 
at least 1hr after 
every meal, slow and 
deep breaths along 
with relaxation after 
CTX 

- Education on foods: 
avoid spicy/very 
sweet/ greasy/fried 
foods, consume 
blended/soft/ easy to 
digest foods, 
consume foods cold 
or at room 
temperature, avoid 
foods with strong 
smells, drink clear 
and cold liquids (e.g. 
ginger ale, apple 
juice, broth, tea), 
suck on hard lollies 
with pleasant smell 
(e.g. lemon drops, 
mints) 

- Personalised diet 
plan: 1.2-1.5g/kg 

Usual diet & 
care (n=75) 
 

Tool: 
McGill 
Questi
onnair
e & 
EORT
C 
QLQ-
C30 
 
Time 
point: 
after 
each 
CTX  
 
 
 

CINV: 
Nausea Rating Index (NRI; 
median score (range); higher 
scores indicate more 
symptoms): 
Measured by McGill 
Questionnaire: 
- Cycle 1: IG: 2 (1-4.7); CG: 

3 (1-6) 
- Cycle 2: IG: 1 (0.2-2.7); 

CG: 3 (2-6)  
- Cycle 3: IG: 1 (0-2); CG: 4 

(2-6) 
- p between cycles: IG: 

p<0.001; CG: p=0.60 
- B: -2.15, p<0.001 
Overall Nausea Index (ONI; 
median score (range); scores 
range 0=none to 5= 
excruciating): 
Measured by McGill 
Questionnaire: 
- Cycle 1: IG: 2 (1-2); CG: 3 

(2-4) 
- Cycle 2: IG: 1 (1-2); CG: 3 

(2-4) 
- Cycle 3: IG: 1 (0-1); CG: 3 

(2-4) 
- p between cycles: IG: 

p<0.001; CG: p=0.78 
- B: -1.70, p<0.001 
Visual Analogue Scale (VAS; 
median score (range); scores 
range 0=no nausea to 
10=extreme nausea): 
Measured by McGill 
Questionnaire: 
- Cycle 1: IG: 3.7 (2-5); CG: 

6 (4.5-8.5) 
- Cycle 2: IG: 2 (1-3.3); CG: 

6.5 (4-8.5) 

Secondary outcomes measured 
by EORTC-QLQ-C30; score 
range: 0-100, higher score 
indicates higher response level: 
Quality of life: 
Global quality of life (median 
global score (range): 
- Cycle 1: IG: 67 (50-83); 

CG: 50 (42-58) 
- Cycle 2: IG: 67 (41.6-83); 

CG: 50 (33-58) 
- Cycle 3: IG: 67 (48-83); 

CG: 50 (33-58) 
- p between cycles: IG: 

p=0.11; CG: p=0.17 
- B: 18.3, p<0.001 
Physical functioning (median 
subscale score (range): 
- Cycle 1: IG: 87 (73-100); 

CG: 67 (53-87) 
- Cycle 2: IG: 80 (67-93); 

CG: 73 (53-80) 
- Cycle 3: IG: 83 (73-93); 

CG: 60 (47-73) 
- p between cycles: IG: 

p=0.006; CG: p=0.10 
- B: 16.6, p<0.001 
Role functioning (median 
subscale score (range): 
- Cycle 1: IG: 83 (67-100); 

CG: 67 (33-83) 
- Cycle 2: IG: 83 (67-100); 

CG: 67 (50-83) 
- Cycle 3: IG: 75 (67-100); 

CG: 67 (33-67) 
- p between cycles: IG: 

p=0.13; CG: p=0.35 
- B: 15.1, p<0.001 
Emotional functioning (median 
subscale score (range): 
- Cycle 1: IG: 75 (58-100); 

CG: 58 (33-75) 
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protein, 30% energy 
from fat (mainly 
MUFA and PUFA), 
55-60% energy from 
carbohydrate (mainly 
wholegrains) 

Duration: 3 consultations, 
1hr prior to each CTX 
session 3 weeks apart 
 
Compliance: NR 
 

- Cycle 3: IG: 1 (0-2.5); CG: 
6.5 (4.5-9) 

- p between cycles: IG: 
p<0.001; CG: p=0.15 

- B: -3.69, p<0.001 
Nausea and vomiting (median 
score (range); scores ranged 
from 0-100, where higher score 
indicates higher degree of 
symptoms): 
Measured by EORTC QLQ-C30: 
- Cycle 1: IG: 0 (0-17); CG: 

33 (17-50) 
- Cycle 2: IG: 0 (0-17); CG: 

33 (17-50) 
- Cycle 3: IG: 0 (0-17); CG: 

33 (17-50) 
- p between cycles: IG: 

p=0.9; CG: p=0.01 
- B: -20.9, p<0.001 
 
 
 

- Cycle 2: IG: 67 (56-83); 
CG: 58 (42-75) 

- Cycle 3: IG: 67 (50-83); 
CG: 58 (42-67) 

- p between cycles: IG: 
p=0.13; CG: p=0.35 

- B: 16.7, p<0.001 
Cognitive functioning (median 
subscale score (range): 
- Cycle 1: IG: 100 (83-100); 

CG: 83 (67-100) 
- Cycle 2: IG: 100 (83-100); 

CG: 83 (67-100) 
- Cycle 3: IG: 100 (83-100); 

CG: 67 (67-83) 
- p between cycles: IG: 

p<0.001; CG: p=0.04 
- B: 14.0, p<0.001 
Fatigue: 
Fatigue (median subscale score 
(range): 
- Cycle 1: IG: 33 (22-44); 

CG: 44 (33-67) 
- Cycle 2: IG: 33 (22-55); 

CG: 56 (33-67) 
- Cycle 3: IG: 33 (22-44); 

CG: 56 (33-78) 
- p between cycles: IG: 

p=0.11; CG: p=0.08 
- B: -19.6, p<0.001 
GI symptoms: 
Appetite loss (median subscale 
score (range): 
- Cycle 1: IG: 33 (0-33); CG: 

33 (0-67) 
- Cycle 2: IG: 33 (0-33); CG: 

33 (33-67) 
- Cycle 3: IG: 33 (0-33); CG: 

33 (33-67) 
- p between cycles: IG: 

p=0.17; CG: p=0.95 
- B: -21.1, p<0.001 
Bowel habits: 
Constipation (median subscale 
score (range): 
- Cycle 1: IG: 0 (0-33); CG: 

33 (0-33) 
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- Cycle 2: IG: 0 (0-33); CG: 
33 (0-33) 

- Cycle 3: IG: 0 (0-33); CG: 
33 (0-33) 

- p between cycles: IG: 
p=0.85; CG: p=0.67 

- B: -16.6, p<0.001 
Diarrhoea (median subscale 
score (range): 
- Cycle 1: IG: 0 (0-33); CG: 0 

(0-33) 
- Cycle 2: IG: 0 (0-33); CG: 0 

(0-33) 
- Cycle 3: IG: 0 (0-33); CG: 0 

(0-33) 
- p between cycles: IG: 

p=0.77; CG: p=0.04 
- B: -9.8, p<0.001 
 
Dietary intake: 
Daily intake (measured via 3-day 
food dairy) 
- IG: sig changes in protein 

intake (p<0.001), fat 
(p<0.001), SFA (p=0.005), 
MUFA (p=0.001), 
phosphorus (p<0.001), 
tryptophan (p=0.001), and 
sodium (p=0.001) over the 
3 cycles. Sig between 
group differences for these 
too (p<0.05) 

- IG: No sig difference in 
energy, carbohydrate, 
PUFA, cholesterol, fibre, 
potassium, pyridoxine, 
magnesium, or zinc. 

 
Delivered by Inpatient Kitchen Assistant 
Lindman 
et al., 
2013  
 
Study 
Design: 
Compari
-son on 
two 

N: 86 
 
Attrition: 3% 
 
Age (yrs): 
range 21-81  
 
Females: 38% 

Type: 
mixed 
haem: 
- Acute 
leukaemia 
(30%) 
- Lymph 
proliferativ
e (45%) 

Type: NR 
 
Emetogen
icity: NR 
 
Adjuvant 
Therapies
: NR 
 

NR Strategy: Nutrition 
education and support 
(n=45) 
- Face to face inpatient 

dietary education and 
support  

- Implemented by 
kitchen assistants 

Before 
intervention 
group (no 
snacks 
offered, no 
education 
given, no 
reminding to 
eat; no 

Tool: 
Resea
rcher-
develo
ped 
survey 
 
Time 
point: 

Nausea: 
Incidence (to a degree that 
affected their dietary intake at 
least 1 out of 3 days of dietary 
assessment): 
- Before: 23/38 (56%); After: 

26/45 (57%); p=0.88 
Vomiting: 

Dietary intake: 
Measured by 3-day food diary: 
Number meeting energy 
requirements: 
- Before: 31/41 (56%); After: 

42/45 (93%); p=0.03 
Number meeting protein 
requirements: 
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cross-
sectional 
studies  
 
Country: 
Denmar
k 
 
Duration
: NR 

- Multiple 
myeloma 
(26%) 
 
Stage: NR 

trained to implement 
intervention 

- Education to patients/ 
relatives about 
importance of 
sufficient nutritional 
intake and how to 
prepare enriched 
food at home 

- Offered snacks once 
a day 

- Reminded/motivated 
patients to eat 

- Monitored for 
discomforts/ side 
effects influencing 
dietary intake, and 
referred to nurses/ 
physicians 

Duration: NR 
 
Compliance: N/A 
 
 

monitoring 
of 
symptoms; 
n=41) 

three 
rando
mly 
select
ed 
days 

Incidence (to a degree that 
affected their dietary intake at 
least 1 out of 3 days of dietary 
assessment): 
- Before: 26/38 (63%); After: 

32/45 (71%); p=0.45 
 

- Before: 26/41 (64%); After: 
31/45 (69%); p=0.51 

 
Bowel habits: 
(to a degree that affected their 
dietary intake at least 1 out of 3 
days of dietary assessment): 
Measured by researcher-
developed survey: 
Constipation incidence: 
- Before: 1/38 (2%); After: 

6/45 (13%); p=0.07 
Diarrhoea incidence: 
- Before: 19/38 (46%); After: 

23/51 (13%); p=0.66 
 
GI symptoms: 
Measured by researcher-
developed survey: 
(to a degree that affected their 
dietary intake at least 1 out of 3 
days of dietary assessment): 
No appetite incidence: 
- Before: 26/38 (63%); After: 

32/45 (71%); p=0.45 
Pain in mouth and throat (e.g. 
mucositis) incidence: 
- Before: 17/38 (41%); After: 

18/45 (40%); p=0.89 
Xerostomia (dry mouth) 
incidence: 
- Before: 26/38 (63%); After: 

37/45 (82%); p=0.05 
Altered sense of taste incidence: 
- Before: 19/38 (46%); After: 

31/45 (69%); p=0.03 
Altered sense of smell 
incidence: 
- Before: 15/38 (37%); After: 

20/45 (44%); p=0.46 
Stomach ache incidence: 
- Before: 7/38 (17%); After: 

14/45 (31%); p=0.13 
 
Fatigue: 
Measured by researcher-
developed survey: 
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Incidence (to a degree that 
affected their dietary intake at 
least 1 out of 3 days of dietary 
assessment): 
- Before: 31/38 (76%); After: 

38/45 (84%); p=0.30 
 
Mental health and wellbeing: 
Measured by researcher-
developed survey: 
(to a degree that affected their 
dietary intake at least 1 out of 3 
days of dietary assessment): 
Depression incidence: 
- Before: 5/38 (12%); After: 

6/45 (13%); p=0.88 
Psychological distress 
incidence: 
- Before: 15/38 (37%); After: 

18/45 (40%); p=0.75 
Delivered by Cancer Nurse 
Lee et 
al, 2017  
 
Study 
Design: 
Non-
controlle
d trial 
 
Country: 
Korea 
 
Duration
: one 
CTX 
cycle 
 

N: 209 
 
Attrition: 4% 
 
Age (yrs): 
range 25-78 
 
Females: 
100% 
 

Type: 
gynaecolo
gical  
- Ovarian 
(47%) 
- 
Endometri
al (19%) 
- Cervical 
(14%) 
- 
Peritoneal 
(7%) 
- Tubal 
(6%) 
- Uterine 
(6%) 
- Vaginal 
(1%) 
 
Stage:  
- I (17%) 
- II (9%) 
- III (42%) 
- IV (26%) 
- Unknown 
(8%) 

Type: 
Mostly 
cisplatin-
based 
(29%) or 
carboplati
n-based 
(56%) 
 
Emetogen
icity: 
- High 
(36%) 
- Moderate 
(64%) 
 
Adjuvant 
Therapies
: NR 
 
 

Yes 
 

Strategy: Dietary 
education session  
- One-on-one 

education session on 
non-pharmacological 
coping methods for 
CINV 

- Delivered by cancer 
nurse  

- Delivered prior to 
CTX 

- Written information 
given 

Duration: one 5-minute 
education session prior to 
CTX 
 
Compliance: 98% used 
n=42 CINV coping 
methods 
- Food-eating 

strategies: 62% (cold 
food (n=48), ginger 
(n=23), dry food 
(n=21), sour food 
(n=18), fruit (n=14), 
water (n=8), spicy 

Nil 
 

Tool: 
Resea
rcher-
develo
ped 
(NRS 
0-10) 
 
Time 
point: 
one 
week 
post 
CTX 
 
 

CINV:  
Incidence:  
- Any severity (NRS score 

≥1): n=157; 79% 
- NRS score ≥4.85: n=105; 

53% 
- NRS score of 10: n=37; 

19% 
Severity (Mean NRS score; 
0=no symptoms to 10=very 
severe symptoms):  
- Post-intervention: 4.85 ± 

3.63 

Fatigue: 
Measured by researcher-
developed tool: 
Incidence (NRS score ≥1):  
- Post-intervention: n=176; 

88% 
Severity (Mean NRS score; 
0=no symptoms to 10=very 
severe symptoms):  
- Post-intervention: 5.32 ± 

3.15 
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 food (n=5), sugary 
food (n=5), salty food 
(n=3), noodles (n=2), 
soda (n=2), 
vegetables (n=2), 
yoghurt (n=2), bitter 
food (n=1), hot food 
(n=1), large amount 
of food (n=1)) 

- Food-rejecting 
strategies: 56% 
(skipping meals 
n=56, reduced food 
intake (n=34), 
vomiting (n=5)) 

Mixed Dietary Strategies 
Lou et 
al., 2014   
 

Study 
Design: 
Cross-
sectional 
survey 
 
Country: 
China 
 
Duration
: One 
CTX 
cycle, 
ranging 
from 
cycle 1 
to 28 

N: 255 
 
Attrition: NR 
 
Age (yrs): 
mean 49.1 ± 
11.7 
 
Females: 64% 
 

Type: 
mixed  
- breast 
(25%) 
- stomach 
(10%) 
- lung 
(18%) 
- 
colorectal 
(13%)  
- ovarian 
(11%) 
- liver (4%) 
- cervical 
(4%) 
- 
lymphoma 
(3%) 
- other 
(12%) 
 
Stage:  
-Early 
(11%) 
-Advanced 
(42%) 
-Late 
(45%) 

Type: NR 
 
Emetogen
icity:  
- Minimal 
(1%) 
- Low (6%) 
- Mod 
(4%) 
- High 
(87%) 
 
Adjuvant 
Therapies
: 28% 
administer
ed 
additional 
therapies, 
type NR 
 

Yes Strategy: Dietary 
behaviour modifications 
- Ate light food; ate 

small, frequent 
meals; modified diet 
in any way; ate more 
fruit than usual; ate 
less; drank clear 
fluids 
 

Duration: NR 
 
Compliance: n=235 used 
at least 1 strategy 

Nil Tool: 
MAT 
 
Time 
point: 
NR 

CINV: 
Relief level (mean score ± 
standard deviation; very low 
(0.1-2.5), low (2.6-5.0), 
moderate (5.1-7.5), high self-
efficacy (7.6-10.0)) 
- Very low (2.10 ± 0.64, p 

NR) 
 
 

Nil 

Strategy: Environmental 
behaviour modifications 
- Avoided the sight or 

smell of food; smelt 
the flavour of orange 
or lemon when 
nauseous 
 

Duration: NR 
 
Compliance: n=194 used 
at least 1 strategy 

CINV: 
Relief level (mean score ± 
standard deviation) 
- Very low (2.10 ± 0.69, p 

NR) 
 

Strategy: Peppermint 
confectionary 

 
Duration: NR 
 

CINV: 
Relief level (mean ± standard 
deviation) 
- Very low (1.98 ± 0.67, p 

NR) 
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Compliance: n=57 used 
this strategy 

Strategy: Ginger or ginger 
brown sugar fluid 

 
Duration: NR 
 
Compliance: n=13 used 
this strategy 

CINV: 
Relief level (mean  ±  standard 
deviation) 
- Very low (2.08 ± 0.86, p 

NR) 
 

Williams 
et al, 
2014  
 
Study 
Design: 
Cross-
sectional 
survey 
 
Country: 
USA 
 
Duration
: Single 
occasion
, at cycle 
³2 
 

N: 67 
 
Age (yrs): 
Mean (58.1 
(range 29-86) 
 
Females: 76% 

Type: 
mixed 
(breast, 
colorectal, 
renal, 
lung, or 
pancreatic
) 
 
Stage:  
II (most 
common) 
or IV 

Type: NR 
 
Emetogen
icity: NR 
 
Adjuvant 
Therapies
: NR 
 

NR Strategy: Symptom self-
management  
- Medication, crackers, 

water, Jell-O 
Duration: NR 
 
Compliance: N/A 

Nil Tool: 
Thera
py- 
related 
Sympt
om 
Checkl
ist 
(TRSC
) 
 
Time 
point: 
NR 
 
 

Nausea: 
Incidence: 
- Any severity: n=47/67 

(70%) 
- Mild: n=9/67 
- Moderate: n=16/67 
- Severe: n=16/67 
- Very Severe: n=6/67 
- n=19/67 (28%) reported 

nausea strategies as 
effective 

-  

Nil 

Strategy: Symptom self-
management  
- Medication, eat 

lighter things, let it 
pass   

Duration: NR 
 
Compliance: N/A 

Nil Vomiting: 
Incidence: 
- Any severity: n=26/67 

(39%) 
- Mild: n=9/67 
- Moderate: n=8/67 
- Severe: n=5/67 
- Very Severe: n=4/67 
- n=5/67 (7%) reported 

vomiting strategies as 
effective 

Nil 

 
C: chemotherapy cycle; CTCAE- Common Terminology Criteria for Adverse Events; EORTC-QLQ-C30: European Organisation for Research and Treatment 

of Cancer Core Quality of Life questionnaire; GI: gastrointestinal; INV-R: Index of Nausea, Vomiting, and Retching; CINV: chemotherapy-induced nausea and 

vomiting; CTX: chemotherapy; MAACL-R: Multiple Affect Adjective Checklist, Revised; MAT:  Multinational Association of Supportive Care in Cancer Antiemesis 

Tool; MDSS: Mediterranean Diet Serving Score; Min: minimal; Mod: moderate; MQOL: McGill Quality-of-Life Questionnaire; Non-CT: non-controlled trial; NR: 

not reported; NRS: numeric rating scale; NS: non-statistically significant; Obs: observations; QoL: quality of life; Pro cohort: prospective cohort study; RCT: 
randomised controlled trial; RD: researcher-developed; sig: statistical significance; SD: standard deviation; sym: symptoms; TRSC: Therapy-related Symptom 

Checklist; VAS: visual analogue scale; Wk: week. 
a Studies were included irrespective of the timing of the dietary intervention (i.e., dietary interventions used before or during chemotherapy).
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Supplementary Table 4. Summary of findings of studies examining the association between or effect of dietary strategies on 

chemotherapy-induced nausea and vomiting (CINV) in adults.  

 
Intervention Outcome Effect/ 

association 
Study 
number 

Participant 
number 

Effect 
size 

GRADE 

Dietary patterns 
Interventional studies 
Fasting diet vs. usual diet Stomatitis incidence + 1 [94]  129 NR Very 

low 

Fasting diet with or without 
ketogenic diet vs. usual diet 

Nausea incidence, nausea severity, 
vomiting incidence, quality of life, fatigue, 
diarrhea, constipation, appetite loss, 
abdominal pain, esophagitis 

NS 2 [37, 40] 180 - Very 
low 

Colorless odorless diet vs. usual 
diet 

Number of acute vomiting episodes (day 
1 post chemotherapy) 

+  
Sig NR 

1 [32] 20 NR Very 
low 

Colorless odorless diet vs. usual 
diet 

Number of delayed vomiting episodes 
(days 2-3 post chemotherapy) 

? 
Sig NR 

1 [32] 20 NR Very 
low 

Observational studies 
Mediterranean diet vs. non-
Mediterranean diet 

Nausea incidence, nausea severity, 
abdominal pain, abdominal bloating 

+ 1 [49] 24 Very 
large 

Low 

Mediterranean diet vs. non-
Mediterranean diet 

Vomiting incidence, diarrhea, 
constipation, intestinal gas, appetite loss, 
dysgeusia, dysphagia, mouth sores, dry 
mouth 

NS 1 [49] 24 - Very 
low 

Specific food/drink intake 
Interventional studies 
Ginger tea vs. unspecified control CINV severity + 1 [41] 50 Very 

large 
Very 
low 

Ginger tea vs. unspecified control CINV incidence + 
Sig NR 

1 [41] 50 Very 
large 

Very 
low 

Concord grape juice vs. placebo Anxiety, depression + 1 [87] 77 NR Low 
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Concord grape juice vs. placebo Nausea incidence, nausea severity, 
vomiting incidence, CINV severity, quality 
of life 

NS 1 [87] 77 - Low 

Observational studies 
Consumption of crackers, water 
and/or jelly vs. no comparator  

Nausea incidence + 
Sig NR 

1 [47] 67 - Very 
low 

Consuming peppermint 
confectionary, ginger, fruit, and/or 
clear fluids vs. no comparator 

CINV severity ? 
Sig NR 

1 [43] 255 - Very 
low 

Lower amounts of dairy, eggs, 
candy, cookies, ice cream, fruits, 
vegetables, legumes, paprika, 
processed meats, fatty fish, 
and/or oils vs. higher amounts 

Nausea incidence ? 
Sig NR 

1 [45] 44 NR Very 
low 

Lower amount of oils, bulb 
vegetables, and/or processed 
meat vs. higher amounts 

Vomiting incidence ? 
Sig NR 

1 [45] 44 NR Very 
low 

Alcohol (≥5 standard drinks per 
week) vs. <5 per week  

CINV incidence + 1 [37] 1043 Large Very 
low 

Alcohol intake vs. no/non-habitual 
alcohol intake 

Acute nausea incidence + 3 [95, 98, 
101] 

1918 Mediu
m to 
large 

Low 

Alcohol (≥5 standard drinks or 
alcohol ≥once per week) vs. <5 
drinks or <once per week 

Vomiting incidence + 3 [97, 
102, 
103]. 

1990 Small 
to 
mediu
m 

Very 
low 

Alcohol (≥5 standard drinks or 
unspecified) vs. no alcohol or <5 
drinks per week  

Overall nausea incidence, delayed 
nausea incidence, nausea severity, acute 
vomiting incidence, delayed vomiting 
incidence 

NS 1-3 [95] 
[98, 103, 
105] 

94-1918 Small 
to 
mediu
m 

Very 
low 

Energy/macronutrient intake 
Observational studies 
Adequate energy vs. inadequate 
intake 

Nausea incidence, vomiting incidence + 1 [45] 44 Mediu
m 

Very 
low 
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Adequate energy vs. inadequate 
intake 

Vomiting incidence + 1 [45] 44 Large Very 
low 

Adequate energy vs. inadequate 
intake 

Diarrhea, constipation NS 1 [45] 44 -  Very 
low 

Adequate fat vs. inadequate 
intake 

Nausea incidence + 1 [45] 44 Mediu
m 

Very 
low 

Adequate fat vs. inadequate 
intake 

Vomiting incidence + 1 [45] 44 Large Very 
low 

Adequate protein vs. inadequate 
intake 

Nausea incidence NS 1 [45] 44 - Very 
low 

Adequate protein vs. inadequate 
intake 

Vomiting incidence + 1 [45] 44 Large Very 
low 

Adequate carbohydrate vs. 
inadequate intake 

Nausea incidence NS 1 [45] 44 - Very 
low 

Adequate carbohydrate vs. 
inadequate intake 

Vomiting incidence + 1 [45] 44 Large Very 
low 

Eating behaviors 
Observational studies 
Avoiding sight/smell of food, 
eating lighter foods, and/or 
consuming smaller frequent 
meals vs. no comparator 

CINV severity ?  
Sig NR 

1 [43] 255 - Very 
low 

Eating lighter things and/or letting 
it pass vs. no comparator 

Vomiting incidence ?  
Sig NR 

1 [47] 67 - Very 
low 

Nutrition education and support 
Interventional studies 
CINV-specific nutrition education 
and support with a personalized 
meal plan and dietitian 
consultations vs. usual care and 
diet 

Nausea severity, CINV severity, quality 
of life, fatigue, loss of appetite 

+ 1 [33, 
34]] 

150 Very 
large 

High 

CINV-specific nutrition education 
and support with a personalized 
meal plan and dietitian 

Constipation, diarrhea, fat intake, protein 
intake 

+ 1 [33, 34] 150 NR Low 
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consultations vs. usual care and 
diet 
CINV-specific nutrition education 
and support with a personalized 
meal plan and dietitian 
consultations vs. usual care and 
diet 

Energy intake, carbohydrate intake NS 1 [33, 34] 150 NR Low 

CINV-specific nutrition education 
in pamphlet form with a dietitian-
formulated personalized meal 
plan vs. pamphlet only 

CINV severity + 1 [35] 34 Very 
large 

High 

CINV-specific nutrition education 
in pamphlet form with a dietitian-
formulated personalized meal 
plan vs. pamphlet only 

Abdominal pain, loss of appetite + 1 [35] 34 NR Low 

CINV-specific nutrition education 
in pamphlet form with a dietitian-
formulated personalized meal 
plan vs. pamphlet only 

Nausea incidence, nausea severity, 
quality of life, fatigue, diarrhea, 
constipation, mucositis 

NS 1 [35] 34 - Low 

Non-CINV specific nutrition 
education and support from 
inpatient kitchen assistants vs. 
usual care 

Taste alterations, energy intake +  1 [42] 86 NR Very 
low 

Non-CINV specific nutrition 
education and support from 
inpatient kitchen assistants vs. 
usual care 

Nausea incidence, depression, 
psychological distress, fatigue, diarrhea, 
constipation, appetite loss, 
abdominal/mouth/throat pain, dry mouth, 
altered sense of smell, protein intake 

NS 1 [42] 86 - Very 
low 

CINV-specific nutrition education 
delivered by a cancer nurse vs. 
no comparator 

CINV incidence, CINV severity, fatigue ? 
Sig NR 

1 [39] 209 NR Very 
low 

Non-CINV specific nutrition 
education and support provided 
through dietetic consultations vs. 
pre-intervention 

CINV incidence + 
Sig NR 

1 [38] 33 NR Very 
low 
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Non-CINV specific nutrition 
education and support provided 
through dietetic consultations vs. 
pre-intervention 

Diarrhea, constipation, appetite loss, 
taste disorders, mouth pain, dysphagia 

? 
Sig NR 

1 [38] 33 NR Very 
low 

 
CINV: chemotherapy-induced nausea and vomiting; NR: not reported 
 

+ STATISTICALLY SIGNIFICANT 
POSITIVE EFFECT/ASSOCIATION 

+ 
SIG 
NR 

POSITIVE 
EFFECT/ASSOCIATION BUT 
STATISTICAL SIGNIFICANCE 

NOT REPORTED 

? 
SIG 
NR 

NO OBSERVED 
EFFECT/ASSOCIATION BUT 
STATISTICAL SIGNIFICANCE 

NOT REPORTED 

NS NO STATISTICALLY SIGNIFICANT 
EFFECT/ASSOCIATION 
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Supplementary Table 5. Grading of Recommendations, Assessment, 

Development and Evaluation (GRADE) for each outcome examining the effect of 

dietary strategies on chemotherapy-induced nausea and vomiting (CINV) in 

adults. 

 
Certainty assessment 

Certainty 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations 

Overall nausea incidence - Mediterranean Diet 

1  observational 
studies  

not serious  not serious  not serious  very serious 
a,c 

very strong 
association  ⨁⨁◯◯ 

LOW  

Overall nausea severity / abdominal pain / bloating - Mediterranean Diet 

1  observational 
studies  

not serious  not serious  not serious  very serious a very strong 
association  ⨁⨁◯◯ 

LOW  

Overall vomiting incidence - Mediterranean Diet 

1  observational 
studies  

not serious  not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Intestinal gas / loss of appetite / dysgeusia / mouth sores / dry mouth / dysphagia / Constipation / Diarrhoea - Mediterranean diet 

1  observational 
studies  

not serious  not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall nausea incidence / overall vomiting incidence / overall vomiting severity / esophagitis / stomatitis - Fasting with or without 
ketogenic diet 

1  observational 
studies  

not serious  not serious  not serious  very serious 
a,f 

none  ⨁◯◯◯ 
VERY LOW  

Overall nausea severity / quality of life / constipation / diarrhoea / fatigue - Fasting with or without ketogenic diet 

2  observational 
studies  

not serious  not serious  not serious  very serious 
b,f 

none  ⨁◯◯◯ 
VERY LOW  

Acute vomiting incidence / delayed vomiting incidence - Colourless odourless diet 

1  randomised 
trials  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall nausea incidence / overall CINV incidence - Alcohol 

1  observational 
studies  

very serious d not serious  not serious  not serious  strong 
association  ⨁◯◯◯ 

VERY LOW  

Acute nausea incidence / delayed nausea incidence- Alcohol 

3  observational 
studies  

serious e not serious  not serious  not serious  strong 
association  ⨁⨁◯◯ 

LOW  

Overall nausea severity - Alcohol 

1  observational 
studies  

not serious  not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence - Alcohol 

3  observational 
studies  

very serious d not serious  not serious  not serious  none  ⨁◯◯◯ 
VERY LOW  
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Certainty assessment 

Certainty 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations 

Acute vomiting incidence - Alcohol 

2  observational 
studies  

not serious not serious  not serious  not serious  none  ⨁⨁◯◯ 
LOW  

Delayed vomiting incidence - Alcohol 

3  observational 
studies  

not serious not serious  not serious  not serious  none  ⨁⨁◯◯ 
LOW  

Quality of life - Alcohol 

1  observational 
studies  

serious e not serious  not serious  not serious  none  ⨁◯◯◯ 
VERY LOW  

Overall CINV severity / overall nausea incidence / overall vomiting incidence / overall nausea severity / quality of life / anxiety / 
depression - Grape juice 

1  randomised 
trials  

not serious  not serious  not serious  very serious a none  ⨁⨁◯◯ 
LOW  

Overall CINV incidence / overall CINV severity - Ginger tea 

1  observational 
studies  

very serious d not serious  not serious  very serious a very strong 
association  ⨁◯◯◯ 

VERY LOW  

Overall nausea incidence / diarrhea / constipation - Energy intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence - Energy intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a strong 
association  ⨁◯◯◯ 

VERY LOW  
Overall nausea incidence - Protein intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence - Protein intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a strong 
association  ⨁◯◯◯ 

VERY LOW  
Overall nausea incidence - Fat intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence - Fat intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a strong 
association  ⨁◯◯◯ 

VERY LOW  
Overall nausea incidence - carbohydrate intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence - carbohydrate intake 

1  observational 
studies  

very serious d not serious  not serious  very serious a strong 
association  ⨁◯◯◯ 

VERY LOW  
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Certainty assessment 

Certainty 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations 

Overall CINV severity - CINV-specific nutrition education in pamphlet form with a personalised meal plan  

1  randomised 
trials  

not serious  not serious  not serious  very serious a very strong 
association  ⨁⨁⨁⨁ 

HIGH  

Overall nausea incidence / overall vomiting incidence / quality of life / fatigue / abdominal pain / appetite loss / constipation / 
diarrhoea / mucositis - CINV-specific nutrition education in pamphlet form with a personalised meal plan  

1  randomised 
trials  

not serious  not serious  not serious  very serious a none  ⨁⨁◯◯ 
LOW  

Overall CINV incidence / constipation / diarrhea / appetite loss / taste disorders / mouth pain / dysphagia - Non-CINV specific 
nutrition education and support, dietetic consultations  

1  observational 
studies  

very serious d not serious  not serious  very serious 
a,f 

none  ⨁◯◯◯ 
VERY LOW  

Overall CINV severity / overall nausea severity / quality of life / fatigue / appetite loss - CINV specific nutrition education and 
support, dietetic consultations  

1  randomised 
trials  

not serious  not serious  not serious  very serious 
b,f 

strong 
association  ⨁⨁⨁⨁ 

HIGH  

Constipation / diarrhea - CINV specific nutrition education and support, dietetic consultations 

1  randomised 
trials  

not serious  not serious  not serious  very serious 
b,f 

none  ⨁⨁◯◯ 
LOW  

Intake of protein, fat, carbohydrate, or energy - CINV specific nutrition education and support, dietetic consultations 

1  randomised 
trials  

not serious  not serious  not serious  very serious 
b,f 

none  ⨁⨁◯◯ 
LOW  

Overall nausea incidence - Non-CINV specific nutrition education and support from kitchen assistants  

1  observational 
studies  

not serious not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence / depression / psychological distress / fatigue / taste changes / constipation / diarrhoea / appetite loss / 
dry mouth / altered sense of smell /  mouth/throat pain / abdominal pain / energy intake / protein intake - Non-CINV specific nutrition 
education and support from kitchen assistants  

1  observational 
studies  

not serious  not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall CINV incidence - CINV-specific education from cancer nurses 

1  observational 
studies  

not serious  not serious  not serious  serious b none  ⨁◯◯◯ 
VERY LOW  

Overall nausea severity - CINV-specific education from cancer nurses 

1  observational 
studies  

not serious  not serious  not serious  very serious 
b,f 

none  ⨁◯◯◯ 
VERY LOW  

Fatigue - CINV-specific education from cancer nurses 

1  observational 
studies  

not serious  not serious  not serious  very serious 
b,c 

none  ⨁◯◯◯ 
VERY LOW  

Overall nausea incidence / overall vomiting incidence - Restriction of foods (dairy products, eggs, candies, cookies, ice cream, 
fruits, vegetables, legumes, paprika, processed meats, fatty fish) 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  
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Note: Outcomes with identical ratings have been presented together for more succinct 
summation but were assessed individually.  
 
a. ≤100 participants  
b. ≤400 participants  
c. Large standard deviation  
d. Risk of bias found in most included studies  
e. Risk of bias found in some included studies  
f. Standard deviation not reported 
 

Certainty assessment 

Certainty 
№ of 

studies Study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations 

Overall nausea incidence - Crackers, water or jelly 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall vomiting incidence - Eating lighter things, letting it pass 

1  observational 
studies  

very serious d not serious  not serious  very serious a none  ⨁◯◯◯ 
VERY LOW  

Overall CINV incidence - Peppermint confectionary, ginger, fruit, clear fluids  

1  observational 
studies  

serious e not serious  not serious  serious b none  ⨁◯◯◯ 
VERY LOW  

Overall CINV incidence - Eating behaviour modifications (eating lighter foods, smaller frequent meals, avoided sight/smell of food) 

1  observational 
studies  

serious e not serious  not serious  serious b none  ⨁◯◯◯ 
VERY LOW  
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Chapter 3.2. Patient perspectives and experiences of complementary and 
alternative medicine use during chemotherapy: A qualitative study 

Crichton M, Strike K, Isenring E, McCarthy AL, Marx W, Lohning A, Marshall S. "It's 

natural so it shouldn't hurt me": Chemotherapy patients' perspectives, experiences, 

and sources of information of complementary and alternative medicines. 2021. 

Complementary Therapies in Clinical Practice. 43.  

https://www.sciencedirect.com/science/article/pii/S174438812100061X?via%3Dihub  

Reproduced with permission from Elsevier Ltd. 

Accepted version made available under a CC BY-NC-ND licence.  

https://www.sciencedirect.com/science/article/pii/S174438812100061X?via%3Dihub
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Table S1. Semi structured interview schedule using open ended questions to 

explore patient perspectives, experiences, support needs, and sources of 

information of complementary and alternative medicine use during chemotherapy. 

Focus Area Focus Question Prompting Questions 

Opening 1. Thank you for agreeing to 
share your experiences and 
being part of the study. 

2. The aim of today is to get an 
insight into your thoughts and 
experiences with 
complementary and 
alternative therapies 

3. You are welcome to speak 
freely about anything you feel 
relevant to our talk and all 
your answers will remain 
anonymous throughout the 
study.  

4. There are no right or wrong 
answers, we’re just talking 
about what you think and feel, 
and about your story. 

5. Do you have any questions 
before we begin? 

 

Define their 
understanding 
of CAM?  

1. We are unsure about many 
patients’ feelings and 
thoughts about 
complementary and 
alternative medicines, so we 
wanted to start off by 
discussing that with you. 

2. In your own words, how would 
you describe (or explain) 
complementary and 
alternative medicines?  

• What are some examples of 
complementary and alternative 
medicines that you have seen, 
heard of, or even tried before? 

• How do you think complementary 
and alternative medicines differ 
from traditional medicine? 

• Why do you think so many people 
in Australia use complementary 
and alternative medicines? 

Experiences 
of CAM prior 
to 
chemotherapy 

 

1. At this point, we are going to 
talk more about experiences 
of complementary and 
alternative medicines, so I just 
want to let you know all the 
different things we consider 
“complementary and 
alternative medicines”.  

(For example; vitamin/mineral 
supplements, herbal teas, medical 
marijuana, yoga, meditation, 
traditional Chinese medicine, 
physical touch like massage, 
acupuncture, spiritual or religious 
practices, aromatherapy, reiki, 
chiropractic or osteopathy).  

• Who of your friends, family or 
acquaintances do you know that 
frequently use complimentary or 
alternative medicines? 

• What do you think about their use 
of the complementary and 
alternative medicines? [extra 
prompter if needed: why did they 
want to try the CAM? What sort of 
effect has it had on their life or 
health?] 

• How did CAM affect your life? 
• Were you aware of any potential 

side effects from CAMs?  
• What was your reason for trying 

[CAM used]? 
• How frequently and for how long 

did you use [the types mentioned]? 
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2. Before your cancer diagnosis, 
what types of complimentary 
or alternative medicines had 
you tried? 

• What were your reasons for 
stopping the [CAM used]? 

• What was your physical response 
to the [CAM used]? 
Was using the CAM valuable [CAM 
used]? 

Experiences 
of CAM use 
during 
chemotherapy 

1. Since your cancer diagnosis, 
tell us about the CAMs you 
have tried [if none tried; 
discuss what led to that 
experience] 

2. What about any vitamins or 
supplements? 

 

 

• What types of complementary or 
alternative medicines have you 
tried since you were diagnosed 
with cancer? 

• How did you find out about the 
[types tried]? 

• What were the most important 
factors that affected your decision 
to use or not use CAM? 

• How frequently and for how long 
did you use [the types mentioned]? 

• What time and/or financial 
commitment have you given to [the 
type tried]? 

• How did the experience of [CAM 
mentioned] align with your 
expectations of what it would do? 

• What do your friends and family 
think about the [types tried]? 

• How much value does you place on 
[the types tried]? 

• Overall, what is you’re feeling 
about [the types tried]? 

• What were your reasons for 
stopping the [CAM used]? 

• Looking back, what would you have 
done differently regarding 
complementary and alternative 
medicine use during your 
chemotherapy? 

Describe their 
experiences 
and/or 
perceptions of 
cancer-
related CAM 
information 
sources? 

1. Can you tell us about where 
you came across advice or 
information about CAMs to 
support cancer treatment? 

• Since your cancer diagnosis, can 
you tell me about any 
complementary or alternative 
medicines that have been 
recommended to you from people 
you know or new people you have 
met?  [extra prompter if needed: 
why did they recommend you try 
the CAM?] 

• Did any staff member ask you 
about your use of complementary 
and alternative medicines in 
general, or [the type used] in 
particular? (Doctor or Pharmacist) 
o If so, what did you tell them 

about it?  
o What was their response?  
o How did their response make 

you feel? 
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• Did you voluntarily ask or tell any 
hospital staff member about the 
[type used]?  
o What did you tell them about 

it?  
o What was their response?  
o How did their response make 

you feel? 
• Did you ever feel the need to hide 

the fact that you tried a type of 
complementary or alternative 
medicine from any hospital staff 
member?  
o What made you feel that way?  
o What do you think their 

response may have been if you 
told them?  

• Have you ever wanted to tell or ask 
a hospital staff member about a 
particular type of complementary or 
alternative medicine, but weren’t 
able to?  
o What stopped you from talking 

to them about it?  
o What would have made it 

easier to talk to them about it? 
• What research have you done 

about which complementary and 
alternative medicines are good to 
use when you have cancer or are 
undergoing chemotherapy? 

• When doing your own research, 
online, in books or documentaries, 
or via discussions with people, 
what kind of information were you 
looking for?  

• What advice have you received 
from any staff at the hospital or 
your usual medical centre about 
complementary and alternative 
therapy use when undergoing 
chemotherapy? 

• Of all the information that you have 
come across about complementary 
and alternative therapy use in 
chemotherapy, which of it made 
sense to you, or seemed relevant 
to you? 

• How did you decide which 
information was useful? 

• And of all that information, what 
didn’t make sense or didn’t seem 
useful or valuable? 

• What conflicting advice about 
complementary and alternative 
medicines did you come across? 

• When you came across conflicting 
advice or recommendations, what 
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did you do to try and make sense 
of what to believe or what to do? 

• How do you know when information 
online or from other people is 
truthful or reliable? 

• What pressure did you feel from 
friends or family to do or take 
particular complimentary or 
alternative medicines? 

• When friends or family 
recommended particular 
complimentary or alternative 
medicines, how did it make you feel 
at that time? And how do you feel 
about their advice now? 

• What pressure did you feel from 
health professionals about 
complementary and alternative 
medicine use? 

• How did that make you feel? 
o What pressure did you feel to 

use types of complementary or 
alternative medicines from 
other sources, such as shops, 
magazines, other patients, or 
non-hospital health 
professionals like pharmacists 
or naturopaths? 

• How did that make you feel? 

Closing 1. Is there any additional CAMs 
you wish you had tried 
throughout your 
chemotherapy? 

2. What else would you like to 
add about your experience or 
thoughts about your treatment 
and experience with 
chemotherapy? 

3. Is there anything additional 
you wish your oncology team 
knew more about? 

4. What advice would you give 
to another patient who is in 
the same position as you 
about trying [the types 
mentioned]? 

5. Whose role do you think it is 
to know about these CAMs in 
the oncology team. 

6. To finish off, what else you 
would like to add about your 
experience or thoughts on 
complementary and 
alternative medicine use 
during chemotherapy? 

• Oncology team as in doctors, 
nurses, dietitians, social workers 
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Chapter 4.2 Orally consumed ginger and human health: An umbrella review 
 

Crichton M, Davidson AR, Innerarity C, Marx W, Lohning A, Isenring E, Marshall S. 

Orally consumed ginger and human health: an umbrella review. 2022. American 

Journal of Clinical Nutrition. 115 (6). June 2022, pp 1511-1527.  

https://doi.org/10.1093/ajcn/nqac035  

Available under a Creative Commons CC-BY-NC licence. 

 

 

https://doi.org/10.1093/ajcn/nqac035
https://creativecommons.org/licenses/by-nc/4.0/
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Supplementary Table 1. Electronic Database Search Strategies of searches 

executed 4 April 2020 (total number records retrieved: 468) 

Pubmed 
105 results 
 
((((((("systematic review"[Publication Type]) OR "systematic review"[Title/Abstract]) OR 
"meta-analysis"[Title/Abstract]) OR "meta-review"[Title/Abstract]) OR "meta-
regression"[Title/Abstract]) OR metareview*[Title/Abstract])) AND (((("ginger"[MeSH 
Terms]) OR ginger*[Title/Abstract]) OR zingiber*[Title/Abstract]) OR "z. 
officinale"[Title/Abstract]) 
 
Web of Science 
76 results  
 
(((((("systematic review") OR meta-analysis) OR meta-review) OR meta-regression) OR 
metareview*)) AND ((((ginger) OR ginger*) OR zingiber*) OR "z. officinale")  
Filters: ‘review” and 2010-2020. Searched via: ‘topic’ (title, abstract, keywords). 
 
Embase 
69 results 
 
((((((("systematic review”:it) OR "systematic review":ti,ab) OR meta-analysis:ti,ab) OR 
meta-review:ti,ab) OR meta-regression:ti,ab) OR metareview*:ti,ab)) AND (((('ginger'/exp) 
OR ginger*:ti,ab) OR zingiber*:ti,ab) OR "z. officinale":ti,ab) 
Filters: ‘review” and 2010-2020. 
 
CINAHL  
88 results 
 
(((((((PT "systematic review") OR TI "systematic review" OR AB "systematic review") OR 
TI meta-analysis OR AB meta-analysis) OR TI meta-review OR AB meta-review) OR TI 
meta-regression OR AB meta-regression) OR TI metareview* OR AB metareview*)) AND 
(((((MH "ginger+")) OR TI ginger* OR AB ginger*) OR TI zingiber* OR AB zingiber*) OR TI 
"z. officinale" OR AB "z. officinale") 
 
Cochrane  
10 results 
 
((((((("systematic review”:pt) OR "systematic review":ti,ab) OR meta-analysis:ti,ab) OR 
meta-review:ti,ab) OR meta-regression:ti,ab) OR metareview*:ti,ab)) AND (((([mh ginger]) 
OR ginger*:ti,ab) OR zingiber*:ti,ab) OR "z. officinale":ti,ab) 
 
Google Scholar  
First 120 results taken when sorted in order of relevance 
 
Ginger AND systematic review OR meta-analysis 
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Supplementary Table 2. Full text references reviewed for consideration with list of 

excluded papers and corresponding reasons for exclusion. 

 
Reason for Exclusion References 
Wrong study design (n=36) 
Conference abstract only (n=3) 
Unpublished dissertation (n=1) 
Retracted article (n=1) 
Only 1 primary study in systematic review examining ginger (n=21) 
Systematic review of systematic reviews (n=2) 
Does not meet criteria for systematic review (n=8) 

 
 (1-3) 
 (4) 
 (5) 
 (6-25) 
 (26, 27) 
 (28-35) 

Wrong intervention (n=17) 
Non-orally administered ginger (n=5) 
Ginger not examined (n=9) 
Ginger not examined alone (n=3) 

 
 (36-40) 
 (41-49) 
 (50-52) 

Wrong population (n=4) 
Animal studies 
Mechanistic study 

 
 (53-55) 
 (56) 

Wrong Outcomes (n=12) 
Not health-related outcomes (e.g. prevalence of use) (n=10) 
Ginger results not reported alone (n=2) 

 
 (57-66) 
 (67, 68) 

Primary Studies & outcomes included in newer or more 
comprehensive review (n=40) 

 (69-109) 
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Supplementary Figure 1. Primary studies (n=87) of included systematic reviews that 

were included in two or more systematic reviews examining the effect of ginger on 

human health outcomes.  
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Alizadeh-Navaei, 2008 x          x      x        
Apariman, 2006 x                      x  
Arablou, 2014 x          x x     x x       
Arslan, 2015 x    x                    
Atashak, 2011 x       x    x             
Attari, 2015 x           x  x           
Ayaz, 2012            x      x       
Azimi, 2015 x        x  x x      x       
Basirat, 2009  x        x   x       x     
Biswas, 2011 x x           x            
Black, 2010a x                       x 
Black, 2008 x                       x 
Black, 2010b x           x            x 
Bliddal, 2000 x  x                      
Bone, 1990 x                      x  
Bordia, 1997 x               x         
Bossi, 2017 x    x                    
Chittumma, 2007  x        x   x            
Eberhart, 2003 x                      x  
Ebrahimzadeh Attari, 2015        x       x          
Ebrahimzadeh Attari, 2016        x       x          
Ensiyeh, 2009 x x        x   x            
Fahimi, 2011 x    x                    
Firouzbakht, 2014 x x        x   x       x     
Fischer-Rasmussen, 1991 x x        x   x            
Goyal, 2006        x      x           
Gregersen, 2013 x             x           
Haghigi, 2005 x  x                      
Hashemi, 2019 x                 x       
Imani, 2015 x           x     x x       
Janssen, 1996 x               x         
Javadi, 2013 x         x          x     
Jenabi, 2013 x     x             x  x    
Jiang, 2005 x               x         
Kalava, 2013 x x                       
Karimi, 2015 x              x          
Kashefi, 2014 x     x               x    
Keating, 2002 x         x   x            
Khandouzi, 2015 x           x             
Konmum, 2017 x    x                    
Kulkarni, 2016 x           x      x       
Li, 2018 x    x                    
Mahluji, 2013 x          x x     x x       
Mahmoud, 2013        x      x           
Malik, 2011        x      x           
Mansour, 2012 x       x      x   x        
Manusitivithya, 2004 x    x                    
Martins, 2019 x   x                     
Marx, 2017 x    x                    
Matsumura, 2015 x                       x 
Misawa, 2015        x      x           
Miyamoto, 2015 x             x           
Modares, 2012             x       x     
Mohammadbeigi, 2011 x            x            
Montazeri, 2013     x                  x  
Mozaffari-Khosravi, 2016 x           x      x       
Mozaffari-Khosravi, 2014           x      x        
Naderi, 2016            x      x       
Nanthakom, 2006 x                      x  
Ozgoli, 2009 x     x    x   x      x x  x   
Panahi, 2012 x    x                    
Paritakul, 2016 x      x                  
Phillips, 1993 x                      x  
Pongrojpaw, 2007 x x                       
Rad, 2018 x                  x      
Rahimlou, 2016            x      x       
Rahnama, 2012 x     x       x      x  x    
Rukh, 2016  x           x            
Ryan, 2012 x    x                    
Saberi, 2014 x         x   x       x     
Sanaati, 2016 x    x                    
Saravanan, 2014        x      x           
Shalaby, 2014        x      x           
Sharifzadeh, 2018 x         x               
Shidfar, 2015 x          x x     x x       
Shirvani, 2015 x     x             x      
Smith, 2004 x x        x   x            
Spiramote, 2003          x   x            
Tabibi, 2016 x                x x       
Thamlikitkul, 2017 x    x                    
Visalyaputra, 1997 x                      x  
Vityavanich, 2001 x x        x   x            
Wigler, 2003 x  x                      
Willets, 2003 x x           x            
Yekta, 2012 x    x                    
Zick, 2015 x           x             
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Supplementary Table 3. Characteristics and results of included systematic reviews (N=28) examining the efficacy of ginger for 

human health outcomes. 

Citation Charact-
eristics of 
included 
studies 

Eligibility 
Criteria 
 
 

 

Studie
s   

Search 
strategy 

Character-
istics of 
included 
populations 

Intervention Comparator Findings Author 
Conclusion 

Qualit
y 
asses
sed in 
SR? 

Stu
dy 
Qua
lity 
(AMS
TAR 
2) 

Anh et al., 
2020 (110) 
 
Aim: to 
provide a 
systemati
c 
summariz
ation of 
the 
effectiven
ess of 
oral 
ginger in 
human 
health 
and 
diseases 
in current 
RCTs. 

N studies: 
109 
Type 
studies: 
RCTs 
Countries: 
Iran 
(n=48); 
United 
States 
(n=19); 
Thailand 
(n=9); 
India 
(n=6); 
Australia 
(n=5); 
Denmark 
(n=5);  
United 
Kingdom 
(n=3); 
Germany 
(n=2); 
Japan 
(n=1); 
Turkey 
(n=2); 
Finland 
(n=1); 
Taiwan 
(n=1); 
Russia 
(n=1; 

Clinical trial 
studies; 
ginger or 
ginger-
containing 
products as 
the 
intervention; 
measured 
blood 
glucose 
levels and/or 
blood lipid 
profile. 
Excluded if 
insufficient 
data for 
meta-
analysis. 

 Databas
es:  
Pubmed
, 
EMBAS
E, 
CENTR
AL, 
ClinicalT
rials.gov
, KISS, 
NDSL  
Search 
Dates:  
inceptio
n to July 
2019 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N: Mostly <60 
per group: 
- 1-20 per group 
(n=36) 
- 21-40  per 
group  (n=40) 
- 41-60  per 
group (n=21) 
- 61-80  per 
group (n=4) 
- 81-100 per 
group  (n=1) 
- >100  per 
group (n=5) 
- NR per group  
(n=1) 
Age: mean 
range 35 – 54 
years 
Gender:  males 
and females 
 
 
 

ALL STUDIES 
(N=109) 
Species: NR 
Type: mostly 
ginger powder 
capsule 
Active 
constituents: 
- 2.3mg/g 
gingerols and 
6-shogaol 
(n=1) 
- 5mg 6-
gingerol (n=1) 
- 5% gingerols 
per capsule 
(n=6) 
- 10 mg 
gingerol per 
capsule (n=1) 
- NR (n=100) 
Route: oral 
Dose: n=6 
studies with 
multiple 
dosage 
ranges: 
- £1.5g/d 
(n=18) 
- 0.5-1.5g/d 
(n=60) 
- ³1.5g/d 
(n=35) 
- NR (n=3) 

ALL STUDIES 
(N=109) 
- A: Ginger vs. 
placebo 
(n=73) 
-  B: Ginger 
vs. medication 
or other 
functional 
materials 
(n=14) 
- Both A and B 
(n=16) 
- Ginger vs. no 
treatment 
(usual care) 
(n=6) 

ADVERSE EFFECTS (ALL 
STUDIES): 
• 17/109 papers reported on 

adverse effects, most not 
severely harmful 

• Gastrointestinal-related 
symptoms mostly reported:  

• Heartburn n=16/109 
• Nausea n=5/109 
• Diarrhoea n=2/109  
• Other symptoms: abdominal 

pain, bloating, gas, epigastric 
distress, mouth irritation, 
bruising, flushing, flu-like 
symptoms 

OVERALL 
Ginger has 
been 
effective in a 
majority of 
studies, 
including 
those that 
examined 
the 
alleviation of 
NVP, 
digestive 
function, 
improvemen
t in the 
expression 
level of 
markers for 
colorectal 
cancer risk, 
and anti-
inflammatory 
functions. 
Several 
other 
functions 
have also 
been 
regarded as 
beneficial in 
trials, with 
some 
confronting 

Yes – 
Jadad. 
n=43/
109 
high 
quality 
 

Low 
Qual
ity 
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Netherlan
ds (n=1); 
Iraq (n=1); 
Brazil 
(n=1); 
China 
(n=1); 
Israel 
(n=1); Italy 
(n=1).  
 

 Duration: 
single dose to 
3 months 
 

results. 
However, a 
few 
drawbacks 
regarding 
the quality of 
the trials, 
inconsistent 
evaluation 
systems or 
parameters, 
and the 
generally 
small size of 
the studies 
need to be 
noted. 
Therefore, 
systematicall
y designed 
research 
with detailed 
descriptions 
of 
methodology 
and a 
sufficient 
pool of 
participants 
is necessary 
for future 
clinical trials 
to address 
the 
functional 
characteristi
cs of ginger. 
 

n=7 
studie
s; 
n=10 
interv
ention 
group
s: 
A. 
Jenabi
, 2013 
(n=70) 
B. 
Kashe
fi, 
2013 
(n=15
0) 
C. 
Ozgoli
, 
2009b 
(n=15
0) 
D. 
Rad, 
2018 
(n=16
8) 
E. 
Rahna
ma, 
2012 
(n=12
0) 
F. 
Shirva
ni, 
2015 
(n=22) 
G. 
Shirva
ni, 

Menstrual 
pain: 
Type:  
- ginger 
powder 
capsule 
(n=10) 
Route: oral 
Dose: 0.8-
1.5g/d 
- 0.8g/d (n=3)  
- 1g/d (n=4) 
- 1.5g/d (n=3) 
Frequency:  
- NR (n=8) 
- QID (n=1) 
Duration: 3 
days – 2 
months 
- 3 days (n=4) 
- 4 days (n=2) 
- 5 days (n=1) 
- 2 months 
(n=3) 
 
Menstrual 
bleeding 
volume: 
Type: ginger 
powder 
capsule 
Route: oral 
Dose: 0.75g/d  
Frequency: 
NR 
Duration: 3-4 
days 
- 3 days (n=1) 
- 4 days (n=1) 
 

Menstrual 
pain:  
- Placebo 
(n=4) 
-mefenamic 
acid (n=2; 
1g/d n=1; 
0.75g/d n=1) 
- ibuprofen 
(n=2; 1.6g/d 
n=1; 3.2g/d 
n=1) 
- 0.66g zinc 
sulfate/d (n=1) 
- Stretching 
exercise (n=1) 
 
Menstrual 
bleeding 
volume:  
- Placebo 
(n=1) 
- 0.75g/d 
mefenamic 
acid (n=1) 
 

ANALGESIC EFFECTS 
DYSMENORRHEA 
Menstrual pain severity: 
• Sig reduction with ginger vs. 

placebo (n=3, studies A,B,E; 
n=340 participants). 

• Sig reduction with ginger & no 
difference between ginger and 
analgesic (mefenamic acid or 
ibuprofen) (n=3, studies C,D,F; 
n=340 participants). 

• Stretching exercise safer, low-
cost intervention to effectively 
relieve pain (n=1; study G) 

Pain duration: 
• No sig effect between ginger 

and mefenamic acid (n=1, 
study F; n=22 participants) 

Menstrual cycle duration: 
• No sig effect between ginger 

and mefenamic acid (n=1, 
study F; n=22 participants) 

Bleeding volume: 
• Sig reduction with ginger vs. 

placebo (n=1, study B; n=150 
participants) 

• No sig effect between ginger 
and mefenamic acid (n=1, 
study F; n=22 participants) 
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2017 
(n=61) 
 

n=4 
studie
s; n=6 
interv
ention 
group
s:  
A. 
Bliddal
, 2000 
(n=22
4) 
B. 
Haghi
ghi, 
2005 
(n=16
0) 
C. 
Param
deep, 
2013 
(n=60) 
D. 
Wigler
, 2003 
(n=29) 
 

Type:  
- ginger 
capsule (n=3) 
- ginger 
extract tablet 
(n=1) 
- ginger 
extract 
unspecified 
(n=2) 
Route: oral 
Dose: 30mg/d 
– 1.5g/d 
- 30mg/d (n=2) 
- 170mg/d 
(n=2) 
- 1g/d (n=1) 
(with 40mg 
gingerol n=1) 
- 1.5g/d (n=1) 
Frequency: 
NR 
Duration: 3 
weeks – 3 
months 
- 3 weeks 
(n=2) 
- 1 month 
(n=2) 
- 3 months 
(n=2) 
 

- Placebo 
(n=4) 
- ibuprofen 
(n=1; 1.2g/d 
n=1, 0.4g/d 
n=1) 
 

ANALGESIC EFFECTS 
OSTEOARTHRITIS 
Pain severity: 
• Sig greater reduction with 

ginger vs. placebo (n=4, studies 
A-D; n=473 participants) 

• As effective as ibuprofen (n=1, 
study B; n=160 participants); 
less effective than ibuprofen 
(n=1, study A; n=114 
participants) 

 

n=4 
studie
s; n=5 
interv
ention 
group
s: 
A. 
Matsu
mura, 
2015 
(n=20) 

Type:  
- ginger 
powder 
capsule (n=3) 
- raw ginger 
(n=1) 
- heat-treated 
ginger (n=1) 
Route: oral 
Dose: 
Capsules:  
- 2g (n=2) 
- 4g/d (n=1) 

- Placebo 
(n=2) 
- Control for 
raw ginger 
(n=2) 
(cornflower 
n=1; brown 
sugar n=1) 
 

ANALGESIC EFFECTS 
POST-EXERCISE 
Post-exercise muscle pain 
severity: 
(delayed onset n=1; induced by 
eccentric exercise n=2; 
quadriceps pain during moderate 
intensity cycling n=1) 
• Overall: sig reduction with 

ginger vs. placebo/control (n=1, 
study C; n=37 participants); no 
sig difference (n=3, studies 
A,B,D; 79 participants). 
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B. 
Black, 
2008 
(n=25) 
C. 
Black, 
2009 
(n=37) 
D. 
Black, 
2010b 
(n=34) 
 

Raw/heat-
treated: 
- 2g/d (n=2) 
Frequency:  
- NR (n=3) 
- Single dose 
(n=2) 
Duration:  
- Single dose 
(n=2) 
- 5 days (n=1) 
- 11 days 
(n=2) 
 

• Delayed onset muscle 
soreness: no sig difference 
between ginger and placebo 
(n=1, study A; n=20 
participants). 

 

A. 
Martin
s, 
2019 
(n=60) 
B. 
Masha
k, 
2018 
(n=16
0) 
C. 
Maghb
ooli, 
2014 
(n=10
0) 
 

Type:  
- ginger 
powder 
capsule (n=3) 
Route: oral 
Dose:  
- 0.25g (n=1, 
study C) 
- 0.4g (n=1, 
study A) 
- 0.75g (n=1, 
study B) 
Frequency/Dur
ation:  
- single dose 
(n=3) 

 - Placebo 
(n=1) 
- 50mg 
sumatriptan 
(n=1) 
- No 
intervention 
(n=1) 
 

ANALGESIC EFFECTS 
HEADACHE 
(migraine n=2; post C-section 
spinal puncture headache (n=1) 
Headache severity: 
• Overall headache severity: sig 

improvement with ginger (n=3; 
studies A-C; n=360 
participants). 

• Migraine severity: similar effect 
to sumatriptan (n=1, study C; 
n=100 participants). 

• Post-spinal puncture headache 
severity: sig lower with ginger 
vs. no intervention (n=1; study 
B). 

Headache incidence: 
• Migraine incidence: sig 

reduction with ginger vs. 
placebo (n=1; study A). 

 
n=2 
studie
s; n=3 
interv
ention 
group
s: 
Hashe
mi, 
2019 
Hasan
vand, 
2018 

Type:  
- ginger 
unspecified 
(n=2) 
- ginger 
powder 
capsule (n=1) 
Route: Oral 
Dose:  
- 0.25g/d (n=1) 
- NR (n=2) 
Frequency: 
NR 

- Vitamin B6 
(n=1) 
- Placebo 
(n=2) 
 

ANALGESIC EFFECTS 
CHRONIC PAIN 
Lower back pain: 
Pain severity:  
• Ginger useful option for pain 

relief (n=1; sig not reported); no 
sig difference between ginger 
and vit B6 (n=1) 

Chest pain: 
• Chest pain during angioplasty 

could be reduced by ginger vs. 
placebo (significance NR) 
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 Duration:  
- 7 days (n=2) 
- NR (n=1)  

n=1 
study; 
n=4 
interv
ention 
group
s: 
Azimi, 
2016 
(n=80 

Type: ginger 
powder in 
black tea 
Route: oral 
Dose: 9g/d (3g 
per black tea)  
Frequency: 
NR 
Duration: 8 
weeks 
 

- alternate tea 
(n=4; black tea 
no ginger, 1g 
saffron, 3g 
cardamom, or 
3g cinnamon) 
 

METABOLIC EFFECTS 
BLOOD PRESSURE 
Systolic blood pressure: 
• Sig reduction with ginger vs. 

control (n=1; study A; n=80 
participants) 

Diastolic blood pressure: 
• No sig difference between 

ginger and control (n=1; study 
A; n=80 participants) 

 
A. 
Alizad
eh, 
2008 
(n=85) 
B. 
Andall
u, 
2001 
(n=26) 
C. 
Arablo
u, 
2014 
(n=63) 
D. 
Arzati, 
2017 
(n=50) 
E. 
Atash
ak, 
2011 
(n=16) 
F. 
Bordia
, 1996 
(n=20)  
G. 
Karimi
, 2015 
(n=20)  
H. 
Khand

Type:  
- ginger 
powder 
capsule 
(n=12) 
- ginger 
powder tablet 
(n=1) 
- ginger 
powder in 
black tea 
(n=4) 
- ginger 
powder in 
water (n=1) 
Route: oral 
Dose: 1-9g/d 
- 1g/d (n=5) 
- 1.6g/d (n=1) 
- 2g/d (n=4) 
- 3g/d (n=3) 
- 4g/d (n=1) 
- 9g/d (3g per 
black tea) 
(n=4) 
Frequency:  
- NR (n=13) 
- TID (n=5) 
Duration: 
single dose – 
3 months 
- Single dose 
(n=1) 

- Placebo 
(n=9) 
- alternate tea 
(n=4; black tea 
no ginger, 1g 
saffron, 3g 
cardamom, or 
3g cinnamon) 
- 1g 
ashwagandha/
d (n=1) 
- 1g 
mulberry/d 
(n=1) 
- no 
comparator 
(n=1) 
 

METABOLIC EFFECTS 
BLOOD LIPIDS 
Total cholesterol: 
• Sig lower with ginger vs. 

placebo/control (n=3, studies A-
C; n=174 participants); no sig 
differences (n=5, studies D-
F,I,K; n=186 participants). 

LDL-C: 
• Sig lower with ginger vs. 

placebo/control (n=4, studies A-
C,G,I; n=258 participants); no 
sig differences (n=3, studies 
D,K,F; n=106 participants). 

VLDL-C: 
• Sig lower with ginger vs. 

placebo/control (n=1, study B; 
n=26 participants); no sig 
differences (n=1, study A; n=85 
participants). 

HDL-C: 
• Sig higher with ginger vs. 

placebo (n=2, studies A,G; 
n=105 participants); no sig 
differences (n=6, studies B-
D,F,I,K; n=259 participants). 

LDL/HDL ratio: 
• Sig lower with ginger vs. 

placebo (n=1, study D; n=50 
participants); sig increase with 
ginger vs. placebo (n=1, study 
G; n=20 participants). 

Triglycerides: 
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ouzi, 
2013 
(n=41)  
I. 
Mahluj
i, 2013 
(n=64) 
J. 
Manso
ur, 
2012 
(n=20)  
K. 
Tabibi, 
2012 
(n=36) 
 

- 30 days 
(n=3) 
- 6 weeks 
(n=3) 
- 8 weeks 
(n=6) 
- 10 weeks 
(n=3) 
- 3 months 
(n=2) 
 

• Sig lower with ginger vs. 
placebo/control (n=6, studies A-
C,G,I,K; n=294 participants); no 
sig differences (n=3, studies 
D,F,J; n=90 participants). 

Apolipoprotein B: 
• Sig reduction with ginger vs. 

placebo (n=1; study H; n=41 
participants). 

Apolipoprotein A1 (lipoprotein a): 
• Sig reduction with ginger vs. 

placebo (n=1, study H); no sig 
differences (n=1; study L). 

ApoB/Apo-A1: 
• Sig reduction with ginger vs. 

placebo (n=1; study H; n=41 
participants). 

Homocysteine: 
• Sig reduction with ginger vs. 

placebo (n=1, study A; n=85 
participants) 

n=3 
studie
s; n=4 
interv
ention 
group
s: 
A. 
Bordia
, 1996 
(n=20) 
B. 
Janss
en, 
1996 
(n=72) 
C. 
Jiang, 
2005 
(n=24) 
D. 
Karimi
, 2015 
(n=20) 
 

Type/Dose:  
- 1.2g/d ginger 
powder tablet 
(n=1) 
- 4g/d ginger 
powder 
unspecified 
(n=1) 
- 15g/d ginger 
root with 
custard (n=1) 
- 40g/d cooked 
ginger stem 
with custard 
(n=1) 
Route: oral 
Frequency: 
NR 
Duration:  
- 1 week (n=1) 
- 2 weeks 
(n=2) 
- 3 months 
(n=1) 

- Placebo 
(n=1) 
 - no 
intervnetion 
(n=1) 
- custard 
without ginger 
(n=2) 
 

METABOLIC EFFECTS 
BLOOD CLOTTING 
Thromboxane B2 production (anti-
thrombotic): 
• No sig difference between 

ginger and control (n=2, studies 
B,D; n=92 participants)  

Platelet aggregation (epinephrine- 
or adenosine triphosphate-
induced: 
• Sig reduction with ginger vs. 

placebo (n=1, study A; n=20 
participants); no sig difference 
between groups (n=1, study C; 
n=24 participants) 

Fibrinogen:  
• No association between ginger 

and placebo (n=2, studies A,D; 
n=40 participants) 

Fibrinolytic activity:  
• No association between ginger 

and placebo (n=2, studies A,D; 
n=40 participants) 
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n=13; 
n=16 
interv
ention 
group
s:  
A. 
Andall
u, 
2001 
(n=26) 
B. 
Arablo
u, 
2013 
(n=63) 
C. 
Arzati, 
2017 
(n=50) 
D. 
Atash
ak, 
2011 
(n=16) 
E. 
Attari, 
2016 
(n=80) 
F. 
Bordia
, 1996 
(n=20) 
G. 
Imani, 
2015 
(n=36) 
H. 
Karimi
, 2015 
(n=20) 
I. 
Khand
ouzi, 
2013 
(n=41) 
J. 
Mahluj

Type:  
- ginger 
powder 
capsule 
(n=14) 
- ginger 
powder 
unspecified 
(n=1) 
- ginger 
powder in 
water (n=1) 
Route: oral 
Dose: 1-4g/d 
- 1g/d (n=5) 
- 1.6g/d (n=1) 
- 2g/d (n=5) 
- 3g/d (n=4) 
- 4g/d (n=1) 
Frequency: 
NR 
Duration: 
single dose – 
2 months 
- single dose 
(n=1) 
- 30 days 
(n=3)  
- 6 weeks 
(n=2) 
- 8 weeks 
(n=2) 
- 10 weeks 
(n=3) 
- 3 months 
(n=5) 
 

- Placebo 
(n=10) 
- 1g 
ashwagandha/
d (n=1) 
- 1g 
mulberry/d 
(n=1) 
- no 
comparator 
(n=1) 
 

METABOLIC EFFECTS 
GLYCAEMIC EFFECTS 
Blood glucose (fasting blood 
glucose (studies G,L,B,C,J) or 
unspecified (studies 
E,F,M,A,H,I,N)): 
• Sig reduction with ginger vs. 

placebo/control (n=8; studies A-
C,G,I,J,L,M; n=406 
participants). 

• No sig difference between 
ginger and placebo/control 
(n=4, studies E,F,H,N; n=156 
participants). 

HbA1c: 
• Sig reduction with ginger vs. 

placebo (n=4, studies B,C,J,M; 
n=222 participants) 

Insulin levels: 
• Sig reduction with ginger vs. 

placebo (n=6, studies 
B,E,I,K,L,M; n=330 participants) 

• No sig difference between 
ginger and placebo/control 
(n=1, study N; n=36 
participants) 

Insulin resistance (HOMA (studies 
L,E,B,K), QUICKI (studies L,E,K) 
or unspecified (studies M,D,I)):  
• Sig reduction with ginger vs. 

placebo (n=7, studies 
B,D,E,I,K,L,M; n=346 
participants) 
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i, 2013 
(n=64) 
K. 
Manso
ur, 
2012 
(n=20) 
L. 
Mozaff
ari-
Khosr
avi, 
2014 
(n=81) 
M. 
Shidfa
r, 
2015 
(n=45) 
N. 
Tabibi, 
2012 
(n=36) 
A. 
Atash
ak, 
2011 
(n=16) 
B. 
Attari, 
2016 
(n=70) 
C. 
Attari, 
2015 
(n=70) 
D. 
Karimi
, 2013 
(n=20) 
E. 
Manso
ur, 
2012 
(N=20
) 
F. 
Mozaff

Type:  
- ginger 
powder tablet 
(n=2) 
- ginger 
powder 
capsule (n=3) 
- ginger 
powder in 
water (n=1) 
- ginger 
cooked in 
stewed apples 
(n=1) 
Route: oral 
Dose: 1-20g/d 
- 1g/d (n=1) 
- 2g/d (n=3, 
studies B) 
- 3g/d (n=1) 
- 9g/d (n=1) 
- 20g/d (n=1; 
fresh cooked) 
Frequency:  
- NR (n=6) 

- Placebo 
(n=7) 
 

METABOLIC EFFECTS 
WEIGHT MANAGEMENT 
Body weight: 
• Sig reduction with ginger vs. 

placebo (n=1; study B; n=70 
participants) 

• No sig difference between 
ginger and placebo (n=1, study 
A; n=16 participants) 

Body Mass Index (BMI): 
• Sig reduction with ginger vs. 

placebo (n=1; study B; n=70 
participants) 

• No sig difference between 
ginger and placebo (n=1, study 
A; n=16 participants)) 

Waist circumference: 
• No sig difference between 

ginger and placebo (n=1; study 
B; n=70 participants) 

Waist to hip ratio: 
• No sig difference between 

ginger and placebo (n=1; study 
A; n=16 participants)) 

Body fat percentage: 
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ari-
Khosr
avi, 
2014(
n=81) 
G. 
Grege
rsen et 
al., 
2013 
(n=44) 
H. 
Tabibi, 
2012 
(n=36) 
 

- QID (n=1) 
Duration: 
single dose – 
12 weeks 
- single dose 
(n=2) 
- 6 weeks 
(n=1) 
- 8 weeks 
(n=1) 
- 10 weeks 
(n=1) 
- 12 weeks 
(n=2, studies 
B) 
 

• No sig difference between 
ginger and placebo (n=1; study 
A;  n=16 participants)) 

Fat free mass: 
• No sig difference between 

ginger and placebo (n=1; study 
A;  n=16 participants)) 

Anthropometric measures 
(unspecified): 
• Sig reduction with ginger vs. 

placebo (n=1, study B; n=70 
participants) 

Appetite: 
• Sig reduction with ginger vs. 

placebo (n=3, study B,E,H; 
n=126 participants); no sig 
difference (n=1, study G; n=44 
participants) 

Prospective food intake: 
• Sig reduction with ginger vs. 

placebo (n=1, study H; n=36 
participants); no sig difference 
(n=1, study G; n=44 
participants) 

Fullness: 
• Sig increase with ginger vs. 

placebo (n=1, study H; n=36 
participants) 

Leptin levels: 
• No sig difference between 

ginger and placebo (n=1, study 
B; n=70 participants) 

Resistin levels: 
• No sig difference between 

ginger and placebo (n=1, study 
B; n=70 participants) 

Ghrelin levels: 
• Sig increase with ginger vs. 

placebo (n=1, study B; n=70 
participants) 

Total resting energy expenditure: 
• No sig difference between 

ginger and placebo (n=1, study 
H; n=36 participants) 

Thermic effect of food: 
• Sig increase with ginger vs. 

placebo (n=2, studies E,H; 
n=56 participants) 
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n=14 
studie
s; 
n=18 
interv
ention 
group
s: 
A. 
Biswa
s, 
2011 
(n=63) 
B. 
Ensiye
h, 
2009 
(n=70) 
C.  
Firouz
bakht, 
2014 (
n=120
) 
D.  
Fische
r-
Rasm
ussen, 
1991 
(n=30) 
E. 
Javadi
, 
2013(
n=102
) 
F. 
Keatin
g, 
2002 
(n=26) 
G. 
Moha
mmad  
beigi, 
2011 

Type:  
- Ginger 
capsule 
(n=15) 
- Ginger tablet 
(n=1) 
- Ginger drink 
(n=2) 
Route: oral 
Dose: 0.45-
1g/d  
- 0.45g/d (n=1) 
- 0.6g/d (n=1) 
- 0.75g/d (n=1) 
- 1g/d (n=11) 
Frequency:  
- NR (n=15) 
- BD (n=1)  
- TID (n=2)  
- QID (n=1) 
Duration: 1-21 
days  
- 1 day (n=3)  
- 4 days 
(n=10) 
- 5-7 days 
(n=3)  
- 14-21 days 
(n=3)  
 

- Placebo 
(n=11) 
- Vit B6 (n=5); 
dose 0.04-
0.16g/d. 
- Vit B6 & anti-
histamine 
(n=1) 
- Anti-emetic 
(n=2) 
 

GASTROINTESTINAL EFFECTS 
NAUSEA AND VOMITING OF 
PREGNANCY 
Nausea and vomiting of 
pregnancy incidence: 
• Sig lower with ginger vs. 

placebo (n=7, studies 
C,D,G,H,J,M,N; n=665 
participants) 

• No sig difference between 
ginger and antiemetic 
(metoclopramide or vit B6) 
(n=2; studies G,E; n=204 
participants).  

Pregnancy nausea severity: 
• Sig lower in ginger vs. placebo 

(n=7, studies C,D,F,G,K,M,N; 
n=570 participants) 

• Sig lower in ginger vs. vit B6 
(n=1, study B); ginger as 
effective as vit B6 (n=5, studies 
A,B, G,I,K,L; n=801 
participants) 

Pregnancy vomiting incidence: 
• Sig lower in ginger vs. placebo 

(n=6, studies C,F,G,H,K,M; 
n=487 participants); no sig 
difference (n=1, study N; n=120 
participants) 

• Ginger as effective as vit B6 
(n=5, studies A,B,G,I,K,L; 
n=801 participants) 

Pregnancy retching incidence: 
• Sig lower in ginger vs. placebo 

(n=1, study N; n=120 
participants) 

• Ginger as effective as vit B6 
(n=1, study L; n=291 
participants) 
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(n=10
2) 
H. 
Ozgoli
, 
2009b 
(n=67) 
I. 
Pongr
ojpaw, 
2007 
(n=17
0) 
J. 
Saberi
, 2013 
(n=15
9) 
K. 
Sharif
zadeh, 
2018 
(n=10
5) 
L. 
Smith, 
2004 
(n=29
1) 
M. 
Vutyav
anich, 
2001 
(n=67) 
N. 
Willett
s, 
2003 
(n=12
0) 
n=11 
studie
s; 
n=15 
interv
ention 
group
s: 

Type:  
- Ginger 
capsule 
(n=14) 
- Ginger drink 
(n=1) 
Route: oral 
Dose: 0.1-2g/d  

- Placebo 
(n=9) 
- Water drink 
(n=1) 
- Anti-emetics 
(n=1) 
 

GASTROINTESTINAL EFFECTS 
POST-OPERATIVE NAUSEA AND 
VOMITING: 
Overall: 
• Sig positive effects with ginger 

vs. placebo/control (n=6, 
studies B,C,F-H; n=400 
participants) 
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A. 
Arfeen
, 2005 
(n=72) 
B. 
Apari
man, 
2006 
(n=60) 
C. 
Bone, 
1990 
(n=40) 
D. 
Eberh
art, 
2003 
(n=17
5) 
E. 
Kalava
, 2013 
(n=12
8) 
F. 
Manda
l, 2014 
(n=10
0) 
G. 
Nanth
akom, 
2006 
(n=12
0) 
H. 
Phillip
s, 
1993 
(n=80) 
I. 
Tavlan
, 2006 
(n=12
0) 
J. 
Visaly
aputra

- 0.1g/d (n=1) 
- 0.2g/d (n=1) 
- 0.5g/d (n=4) 
- 1g/d (n=6) 
- 1.5g/d (n=1) 
2g/d (n=2) 
Frequency:  
- Single dose 
(n=9; 1 hr pre-
surgery n=6) 
- Double dose 
(n=1 ; 30min 
per op & 2 hrs 
post-op) 
- Triple dose 
(n=1; before 
op, 3hr & 6hr 
post op) 
Duration: <1 
day 
 

• No sig differences between 
ginger and placebo/control 
(n=5, studies A,D,E,I,J; n=550 
participants) 

PONV incidence: 
• Sig lower in ginger vs. 

placebo/anti-emetics (n=5, 
studies B,C,F-H; n=400 
participants) 

• No sig differences (n=5, studies 
A,D,E,I,J; n=550 participants) 

PONV severity: 
• Sig lower in ginger vs. placebo 

(n=3, studies B,C,H; n=180 
participants) 

PONV demand for rescue anti-
emetics: 
• Sig lower with ginger vs. 

placebo/control (n=1, study H; 
n=80 participants), no sig 
differences (n=1, study D; 
n=175 participants) 

Nausea incidence during surgery 
(intraoperative): 
• Sig lower nausea incidence in 

ginger vs. placebo (n=2, studies 
E,K; n=220 participants) 

Nausea severity during surgery 
(intraoperative): 
• Sig lower nausea severity in 

ginger vs. placebo (n=1, study 
K; n=92 participants) 



   
 

APPENDIX III: Chapter 4.2 Supplementary Materials 
 

429 

, 1997 
(n=55) 
K. 
Zeraat
i, 2016 
(n=92) 
n=16 
studie
s; 
n=20 
interv
ention 
group
s: 
A. 
Ansari
, 2016 
(n=11
9) 
B. 
Arslan
, 2014 
(n=60) 
C. 
Bossi, 
2017 
(n=25
1) 
D. 
Fahimi
, 2010 
(n=50) 
E. 
Konm
um, 
2017 
(n=88) 
F. Li, 
2018 
(n=14
6) 
G. 
Manus
itivith, 
2004 
(n=48) 
H. 
Marx, 

Type: 
- Ginger 
capsule 
(n=16) 
- Ginger 
powder in 
yoghurt (n=1) 
- Ginger 
powder 
unspecified 
(n=3) 
Route: oral 
Dose: 0.08g/d 
– 2g/day 
- 0.08g/d (n=1) 
- 0.5g/d (n=5) 
- 1g/d (n=9) 
- 1.2g/d (n=1) 
- 1.5g/d (n=1) 
- 2g/d (n=3) 
Frequency: 
- BD (n=4) 
- QID (n=1) 
Duration:  
- 3 days (n=4) 
- 4 days (n=1) 
- 5 days (n=4) 
- 6 days (n=2; 
from 3 days 
prior to 3 days 
post CTX 
(n=1) 
- 10 days 
(n=1; from 5 
days prior to 5 
days post 
CTX) 
- 3 weeks 
(n=1) 
- 4 weeks 
(n=1) 

- Placebo 
(n=13) 
- Usual care 
(n=3) 
 

GASTROINTESTINAL EFFECTS 
CHEMOTHERAPY-INDUCED 
NAUSEA AND VOMITING 
Incidence: 
Overall CIN incidence: 
• Sig lower in ginger vs. control 

(n=2, studies L,M; n=143 
participants) 

• No association (n=5, studies 
A,C-F,I,O; n=973 participants) 

Anticipatory CIN incidence: 
• No sig difference between 

ginger and control (n=2, studies 
C,H) 

Acute CIN incidence: 
• Sig lower in ginger vs. control 

(n=2, studies E,J; n=145 
participants)  

• No sig difference (n=4, studies 
D,F,I,O; n=515 participants) 

Delayed CIN incidence: 
• Sig lower in ginger vs. control 

(n=2, studies E,J; n=145 
participants) 

• No sig difference (n=5, studies 
C,D,F,I,O; n=766 participants)  

Overall CIV incidence: 
• Sig lower with ginger vs. 

control (n=3, studies E,P,M; 
n=286 participants) 

• No sig difference (n=7, studies 
A,D,F-I,N,O; n=767 
participants) 

Anticipatory CIV incidence: 
• Sig lower in ginger vs. placebo 

(n=1, study P; n=98 
participants); no sig difference 
(n=1, study H; n=51 
participants) 

Acute CIV incidence: 
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2017 
(n=51) 
I. 
Panah
i, 2012 
(n=10
0) 
J. 
Pillai, 
2011 
(n=57) 
K. 
Ryan, 
2012 
(n=37
5) 
L. 
Sanaa
ti, 
2016 
(n=43) 
M. 
Sonta
kke, 
2002 
(n=10
0) 
N. 
Thamli
kitkul, 
2016 
(n=34) 
O. 
Zick, 
2008 
(n=21
9) 
P. 
Yekta, 
2012 
(n=98) 
 

- 6-8 weeks 
(n=1) 
- 12 weeks 
(n=1) 
 

• Sig lower with ginger vs. 
control (n=2, studies E,P; 
n=186 participants).  

• No sig difference (n=6, studies 
B,D,F,H,I,O; n=626 
participants)  

Delayed CIV incidence: 
• Sig lower with ginger vs. 

control (n=3, studies B,E,P; 
n=246 participants)  

• No sig difference (n=4, studies 
D,F,H,I,O; n=566 participants) 

Inter-cycle CIN incidence: 
• No association (n=1, study C; 

n=251 participants) 
Severity: 
Overall CIN severity: 
• Sig lower in ginger vs. control 

(n=3, studies E,K,L; n=506 
participants) 

• No sig difference (n=5, studies 
A,D,F,G,N,O; n=616 
participants) 

Acute CIN severity: 
• Sig lower with ginger vs. 

control (n=1, study J; n=57 
participants) 

• No sig differences between 
ginger and control (n=7, studies 
B,D,F,G,H,N,O; n=608 
participants)  

Delayed CIN severity: 
• Sig lower with ginger vs. 

control (n=4, studies B,F,H,J,N; 
n=348 participants)  

• No sig difference (n=3, studies 
D,G,O; n=317 participants) 

Duration: 
Acute CINV duration: 
• No sig difference between 

ginger and placebo (n=1, study 
D; n=50 participants) 

Delayed CINV duration: 
• No sig difference between 

ginger and placebo (n=1, study 
D; n=50 participants) 

Frequency: 
CIV frequency: 
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• No sig differences between 
ginger and control (n=1, study 
F; n=146 participants)  

CINV-related outcomes: 
CINV-related QoL: 
• Sig higher with ginger vs. 

control (n=3, studies E,F,H; 
n=285 participants) 

• No sig difference (n=1, study K; 
n=375 participants)  

CINV-related fatigue: 
• Sig lower with ginger vs. 

control (n=2, studies E,H,O; 
n=358 participants) 

• No sig difference between 
ginger and control (n=2, studies 
C,L; n=294 participants) 

Arthrit
is:  
A. 
Aryaei
an, 
2019 
(n=63) 
B. 
Mozaff
ari-
Khosr
avi, 
2016 
(n=10
0) 
T2DM: 
C. 
Shidfa
r, 
2015 
(n=45) 
D. 
Arablo
u, 
2013 
(n=63) 
Dialys
is: 
E. 
Tabibi, 

Type:  
- Ginger 
powder 
capsule 
(n=10) 
- Ginger 
powder in 
water (n=1) 
- Ginger 
extract 
unspecified 
(n=1) 
- NR (n=1) 
Route: oral 
Dose: 0.12-
3g/d 
- 0.12g/d (n=1) 
- 0.5g/d (n=1) 
- 1g/d (n=3) 
- 1.5g/d (n=2) 
- 1.6g/d (n=1) 
- 2g/d (n=1) 
- 3g/d (n=3) 
- NR (n=1) 
Frequency: 
NR 
Duration: 
single dose – 
3 months 
- single dose 
(n=1) 

- Placebo 
n=12) 
- 1g coconut 
oil (n=1) 
 

OTHER EFFECTS: 
INFLAMMATORY EFFECTS 
TNF-a: 
• Sig reduction with ginger vs. 

placebo/control (n=3, studies 
B,L,M; n=201 participants);  

• No sig difference (n=1, study D; 
n=63 participants) 

IL-1: 
• Sig reduction with ginger vs. 

placebo/control (n=2, studies 
B,M; n=132 participants) 

IL-6: 
• Sig reduction with ginger vs. 

placebo/control (n=1, study 
M,K; n=48 participants) 

• No sig difference (n=1, study E; 
n=36 participants) 

IL-10: 
• Sig reduction with ginger vs. 

placebo (n=1, study G; n=40 
participants; obese breast 
cancer n=1) 

FOXP3 gene expression:  
• Sig increase with ginger vs. 

placebo (n=1; rheumatoid 
arthritis n=1) 

T-bet:  
• Sig reduction with ginger vs. 

placebo (n=1; rheumatoid 
arthritis n=1) 
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2015 
(n=36) 
F. 
Imani, 
2014 
(n=36) 
Overw
eight/ 
Obese
:  
G. 
Karimi
, 2015 
(n=40) 
H. 
Karimi
, 2013 
(n=40) 
I. 
Atash
ak, 
2011 
(n=32) 
J. 
Manso
ur, 
2012 
(n=20) 
Lower 
back 
pain: 
K. 
Hashe
mi, 
2019 
(n=16) 
Tuber
culosi
s:  
L. 
Kulkar
ni, 
2016 
(n=69) 
Acute 
respir
atory 
distre

- 3 weeks 
(n=1) 
- 6 weeks 
(n=1) 
- 1 month  
(n=1) 
- 8 weeks 
(n=1) 
- 10 weeks 
(n=2) 
- 3 months 
(n=4) 
- NR (n=1) 
 

RORyt:  
• Sig reduction with ginger vs. 

placebo (n=1; rheumatoid 
arthritis n=1) 

CRP:  
• Sig reduction with ginger vs. 

placebo (n=5; studies 
C,D,G,I,K; n=212) 

• No sig difference (n=1; study F; 
n=36 participants) 

Prostaglandin-E2: 
• Sig reduction with ginger vs. 

placebo (n=1; Study D; n=63 
participants) 

Ferritin: 
• Sig reduction with ginger vs. 

placebo (n=1; tuberculosis n=1; 
study L) 
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ss 
syndr
ome: 
M. 
Sharia
tpanah
i, 2013 
(n=32) 
T2DM: 
A. 
Shidfa
r, 
2015 
(n=45) 
Dialys
is: 
B. 
Imani, 
2014 
(n=36) 
Obese 
breast 
cance
r: 
C. 
Karimi
, 2013 
(n=40) 
Tuber
culosi
s: 
D. 
Khand
ouzi, 
2013 
(n=41) 
F. 
Kulkar
ni, 
2016 
(n=69) 
Acute 
respir
atory 
distre
ss 
syndr
ome: 

Type:  
- Ginger 
powder 
capsule (n=5) 
- Ginger 
extract 
unspecified 
(n=1) 
Route: oral 
Dose:  
- 0.12g/d (n=1) 
- 0.5g/d (n=1) 
- 1g/d (n=1) 
- 2g/d (n=1)  
- 3g/d (n=1) 
- 9g/d (n=1) 
Frequency:  
- NR (n=5) 
- QID (n=1) 
Duration:  
- 3 weeks 
(n=1) 
- 1 month 
(n=1) 
- 8 weeks 
(n=1) 
- 10 weeks 
(n=1) 
- 3 months 
(n=2) 
 

- Placebo n=5) 
- 1g coconut 
oil (n=1) 
 

OTHER EFFECTS 
ANTI-OXIDANT EFFECTS 
Monondialdehyde (MDA): 
• Sig reduction with ginger vs. 

placebo (n=4, studies A,C,D,F) 
• No sig difference (n=1, study B) 
Total antioxidant capacity (TAC): 
• Sig increase with ginger vs. 

placebo (n=1; study A) 
Glutathione peroxidase: 
• Sig increase with ginger vs. 

placebo (n=1; obese breast 
cancer n=1) 

Red blood cell glutathione: 
• Sig increase with ginger vs. 

control (n=1; acute respiratory 
distress syndrome n=1) 

Nitric oxide: 
• Sig decrease with ginger vs. 

placebo (n=1; obese breast 
cancer n=1) 
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E. 
Sharia
tpanah
i, 2013 
(n=32) 
 
n=6 
studie
s; 
n=10 
interv
ention 
group
s:  
A. 
Grontv
ed, 
1985 
(n=8) 
B. 
Grontv
ed, 
1988 
(n=79) 
C. 
Holtm
ann, 
1989 
(n=14
2) 
D. 
Lien, 
2002 
(n=34) 
E. 
Mowre
y, 
1982 
(n=36) 
F. 
Stewa
rt, 
1990 
(n=45)  
 

Type:  
- ginger 
powder 
capsule (n=7) 
- ginger root 
powder 
unspecified 
(n=2, studies 
B,F) 
- fresh ginger 
(n=1, study F) 
Route: oral 
Dose: 0.5-2g 
- 0.5g (n=1, 
study F) 
- 1g (n=5, 
studies A-D,F) 
- 2g (n=1, 
study D) 
- 1.88g (n=21 
study E) 
Frequency/Dur
ation:  
- single dose 
(n=8) 
 

- Placebo 
(n=7) 
- 
Dimenhydrinat
e 
(antihistamine) 
100mg (n=2)  
- Scopolamine 
(antimuscarini
c) 0.6mg (n=1) 
 

GASTROINTESTINAL EFFECTS 
MOTION SICKNESS 
Overall motion sickness 
incidence: 
• Sig lower in ginger vs. control 

(n=1, studies D,E), no sig 
difference (n=1. Study B) 

Nausea incidence: 
• Sig lower in ginger vs. placebo 

(n=1, study D); no association 
between ginger and placebo 
(n=1, study B) 

Vomiting incidence: 
• Sig lower in ginger vs. placebo 

(n=1, study B) 
Vertigo incidence: 
• Sig lower in ginger vs. placebo 

(n=1, study A); no association 
between ginger and placebo 
(n=1, study B) 

Cold Sweating incidence: 
• Sig lower in ginger vs. placebo 

(n=1, study B) 
GI Distress incidence: 
• No sig differences between 

ginger and control (n=1, study 
C) 

Gastric motility (tachygastric 
activity): 
• Sig lower in ginger vs. placebo 

(n=1, study D), no sig 
difference (n=1, study F) 

Vasopressin levels: 
• Sig lower in ginger vs. placebo 

(n=1, study D) 
Nystagmus severity: 
• Sig lower in ginger vs. control 

(n=1, study A), no sig 
differences (n=1, study C) 
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Gastri
c 
empty
ing 
(n=5 
studie
s; n=7 
interv
ention 
group
s): 
A. Hu, 
2011 
(n=11) 
B. 
Phillip
s, 
1992 
(n=32) 
C. 
Sharia
tpanah
i, 2009 
(n=32) 
D. 
Stewa
rt, 
1990  
(n=45) 
E. Wu, 
2007 
(n=24) 
 
Gastri
c 
dysrh
ythmi
a (n=2 
studie
s; n=3 
interv
ention 
group
s): 
F. 
Gonla
chanvi
, 2003 

Gastric 
emptying: 
Type:  
- ginger 
powder 
capsule (n=3) 
- ginger root 
powder 
unspecified 
(n=2) 
- fresh ginger 
(n=1) 
- ginger 
extract added 
to tube feed 
(n=1) 
Route:  
- oral (n=6) 
- tube feed 
(n=1) 
Dose:  
- 0.35g (n=1) 
- 0.5g (n=1) 
- 1g (n=3) 
- 1.2g (n=2) 
Frequency: 
- single dose 
(n=6) 
- TID (n=1) 
Duration:  
- single dose 
(n=6) 
- 21 days 
(n=1) 
 
Gastric 
dysrhythmia 
Type:  
- ginger 
capsule (n=3) 
Route: oral 
Dose: 1-2g 
- 1g (n=2) 
- 2g (n=1) 
Frequency/Dur
ation: 
- single dose 
(n=3) 

Gastric 
emptying: 
- Placebo 
(n=6) 
- Scopolamine 
(antimuscarini
c) 0.6mg (n=1) 
 
Gastric 
dysrhythmia: 
- Placebo 
(n=3) 
 

GASTROINTESTINAL EFFECTS 
GASTRIC MOTILITY 
Gastric emptying time: 
• Sig more rapid in ginger vs. 

placebo (n=3, studies A,C,E) no 
difference between ginger and 
placebo (n=2, studies B,D) 

Gastric dysrhythmia: 
• Sig improvement with ginger 

vs. placebo (n=2, studies F,G); 
no association (n=1, study D) 
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(N=58
) 
G. 
Lien, 
2002 
(n=34) 
 

 

n=4; 
n=5 
interv
ention
s: 
Jiang, 
2013 
Citron
berg, 
2013 
Zick, 
2011 
Zick, 
2014 
 

Type:  
- ginger 
extract 
capsule (n=5) 
Route: oral 
Dose: 2g/d 
(n=5) 
Frequency:  
- NR (n=4) 
- BD (n=1) 
Duration: 28 
days 
 

- Placebo 
(n=5) 
 

GASTROINTESTINAL EFFECTS 
COLORECTAL CANCER RISK 
Colonic cyclooxygenase-1 protein 
level  
• Sig reduction with ginger vs. 

placebo in participants with 
high risk of colorectal cancer 
(n=1) 

• No difference between ginger 
and placebo in participants with 
average risk of colorectal 
cancer (n=1) 

Colonic 15-hydroxyprostaglandin 
protein level   
• No difference between ginger 

and placebo in participants with 
high risk of colorectal cancer 
(n=1) or average risk (n=1) 

Proliferation of normal-appearing 
colorectal epithelium 
• Ginger may assist in reducing 

(n=1) 
Cell differentiation relative to 
proliferation  
• Ginger may assist in reducing 

(n=1) 
Apoptosis  
• Ginger may assist in increasing 

(n=1) 
Eicosanoid levels 
• Sig reduction with ginger vs. 

placebo (n=2) by inhibiting 
synthesis from arachidonic 
acid. 

• Sig reduction of arachidonic 
acid in colonic mucosa with 
ginger vs. placebo (n=1) 

• Sig increase of LTB4 with 
ginger vs. placebo (n=1) 

• No difference in other 
eicosanoids between ginger 
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and placebo (PGE2, 13-
hydroxy-octadecadienoic acids, 
and 5-, 12-, 15-hydroxy-
eicosatetraenoic acid)(n=1) 

Antire
trovir
al-
induc
ed 
nause
a and 
vomiti
ng 
(n=1): 
Dabag
hzade, 
2014 
 
Irritab
le 
bowel 
syndr
ome 
(n=1; 
n=2 
interv
ention
s): 
Tilburg
, 2014 
 
Breas
t milk 
volum
e: 
Parita
kul, 
2016 
 
Antitu
bercul
osis 
induc
ed 
hepat
otoxic
ity:  

Type:  
- Ginger 
powder 
capsule (n=8) 
- Ginger drops 
(n=1) 
Route: oral 
Dose:  
- 0.5g/d (n=1) 
- 1g/d (n=4) 
- 2g/d (n=5) 
- 4g/d (n=1) 
- 20 drops 
(n=1 asthma 
study) 
Frequency: 
NR 
Duration:  
- single dose 
(n=2) 
- 5 days (n=1) 
- 1 week (n=1) 
- 2 weeks 
(n=1) 
- 4 weeks 
(n=3) 
- 2 months 
(n=1) 
 

Placebo OTHER EFFECTS 
 
Antiretroviral-induced nausea and 
vomiting (n=1): 
• Sig lower in ginger vs. placebo 

(n=1) 
 
Irritable bowel syndrome: 
• No difference in effect of ginger 

vs. placebo on IBS severity 
scale or adequate relief scale 
(n=2). 

•  
Breast milk production: 
Breast milk volume 
• Sig increase in ginger vs. 

placebo on Day 3, no 
association on Day 7 (n=1) 

Prolactin levels 
• No difference between ginger 

and placebo (n=1) 
 
Antituberculosis induced 
hepatotoxicity:  
• Ginger can be considered as a 

potential additional therapy to 
prevent gastrointestinal 
adverse reactions including 
hepatotoxicity (n=1) 

 
Thermoregulatory function and fat 
oxidation: 
Peripheral and central 
thermoregulatory function:  
• No effect (n=1) 
Fat utilisation: 
• Ginger can affect positively, 

significance not reported (n=1) 
 
Exercise performance: 
Perceived exertion: 
• No difference between ginger 

and placebo (n=1) 
Work rate: 
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Emran
i, 2016 
 
Therm
oregul
atory 
functi
on 
and 
fat 
oxidat
ion: 
Miyam
oto, 
2015 
 
Exerci
se 
perfor
manc
e: 
Black, 
2008 
Matsu
mura, 
2015 
 
Asth
ma: 
Rouhi, 
2006 
 

• No difference between ginger 
and placebo (n=1) 

Heart rate: 
• No difference between ginger 

and placebo (n=1) 
Oxygen uptake during exercise: 
• No difference between ginger 

and placebo (n=1) 
Heart rate 30min after exercise: 
• No difference between ginger 

and placebo (n=1) 
Indicators of muscle damage 
(creatine kinase, lactate 
dehydrogenase, 1RM):  
• No sig difference between 

ginger and placebo (n=1) 
Recovery of muscle strength after 
intense exercise:  
• Sig greater with ginger vs. 

placebo (n=1) 
 
Asthma: 
Asthmatic symptoms (Dyspnea, 
wheezing, chest tightness): 
• Sig reduced with ginger vs. 

placebo (n=1) 
Stage of disease 
• No difference between ginger 

and placebo (n=1) 
 
 

Attari et 
al., 2017 
(111) 
 
Aim: to 
review 
the effect 
of 
Zingiber 
officinale 
Roscoe 
on 
obesity 
managem
ent in 
healthy 

N studies: 
3/26 
eligible for 
inclusion 
Type 
studies: 
RCTs 
Countries: 
NR 
 

English 
language; 
All relevant 
human and 
animal 
studies and 
in vitro 
studies 
examining 
effects of 
ginger (Z. 
officinale) on  
obesity 
managemen
t (e.g., 
anthropomet

A. 
Attari, 
2015/2
016 
(n=80) 
B. 
Manso
ur, 
2012 
(n=20) 
C. 
Atash
ak, 
2011 
(n=16) 
 

Databas
es: 
PubMed
, 
Scopus, 
Google 
scholar, 
and 
Science 
Direct  
Search 
Dates: 
1995 - 
May 
2017 

N: NR 
Age: NR 
Gender:  NR 
Health:  
- 
overweight/obes
e men (n=2) 
- overweight 
women (n=1) 
 

Species: 
Zingiber 
officinale 
Type: Ginger 
Powder 
Dose: 1 – 2g/d 
1 g (n=1) 
2g (n=2) 
Duration: 
single dose 
(n=1); 10 
weeks (n=1); 
12 weeks 
(n=1) 
 

Placebo  METABOLIC EFFECTS 
WEIGHT MANAGEMENT 
Body mass index:  
• Sig decrease with ginger vs. 

placebo (n=1/1 study, study A; 
n=80) 

Body weight:  
• Sig decrease with ginger vs. 

placebo (n=1/1 study, study A; 
n=80 participants) 

Waist circumference: 
• Sig decrease with ginger vs. 

placebo (n=1/1 study, study A; 
n=80 participants) 

Hip circumference:  

Overall, 
there is an 
agreement 
on the 
efficient 
weight 
lowering 
effect of 
Zingiber 
officinale in 
animal 
models of 
obesity, 
whereas the 
results of the 
available 

Yes – 
Cochr
ane 
Collab
oratio
n’s 
Tool, 
SYRC
LE or  
Check
list for 
Report
ing in 
vitro 
Studie
s 

Low 
Qual
ity 
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obese/ov
erweight 
human 
subjects 
and 
animal 
models. 
 
n=17/26 
papers 
ineligible 
as animal 
studies; 
n=6/26 
studies 
inelgibile 
as in vitro 
studies. 

ric 
measureme
nts, body 
composition, 
and 
appetite); 
population of 
healthy 
obese/overw
eight human 
and animal 
subjects. 

 • Sig decrease with ginger vs. 
placebo (n=1/1 study, study A; 
n=80 participants) 

Body composition:  
• No sig difference between 

ginger and placebo (n=2/2 
studies, studies A,B; n=100 
participants) 

Anthropometric measures:  
• Sig improvement with ginger 

vs. placebo (n=1/2 studies, 
study A; n=80); no sig 
difference (n=1/2 studies, study 
B; n=20 participants) 

Serum insulin:  
• Sig decrease with ginger vs. 

placebo (n=1/1 study, study A; 
n=80) 

Homeostatic model assessment-
insulin resistance (HOMA-IR):  
• Sig decrease with ginger vs. 

placebo (n=1/1 study, study A; 
n=80) 

Quantitative insulin sensitivity 
check index (QUICKI):  
• Sig increase with ginger vs. 

placebo (n=1/1 study, study A; 
n=80)) 

Hunger/appetite:   
• Sig decrease with ginger vs. 

placebo (n=2/2 studies, studies 
A,B, n=100 participants) 

Prospective food intake:  
• Sig decrease with ginger vs. 

placebo (n=1/1 study, study B; 
n=20 participants). 

Energy and macronutrient intake:  
• No sig difference between 

ginger and placebo (n=1/1 
study, study A; n=80 
participants) 

Fullness/satiety:  
• Sig increase with ginger vs. 

placebo (n=1/1 study, study B; 
n=20 participants). 

 
ADVERSE EFFECTS: Not reported 
 

limited 
clinical 
studies 
showed no 
changes or 
slight 
changes of 
anthropomet
ric 
measureme
nts and body 
composition 
in subjects 
with obesity. 
However, it 
should be 
noticed that 
most of the 
animal 
studies used 
ginger 
extract or its 
bioactive 
compounds 
in high 
doses 
instead of 
ginger 
powder. 
Generally, 
given the 
lack of 
enough 
clinical data 
in this area, 
more 
randomized 
controlled 
clinical trials 
are needed 
to make a 
definitive 
conclusion. 

guideli
ne. 
Mostly 
low or 
unclea
r ROB 
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Balbontin 
et al., 
2019 (112) 
 
Aim: To 
report the 
incidence 
and 
nature of 
herbal 
medicinal 
products’ 
adverse 
events 
and herb–
drug 
interactio
ns used 
by some 
pregnant 
and 
postnatal 
women.  
 

N studies: 
17 
Type 
studies: 
NR 
Countries: 
NR 
 

RCT, non-
RCT, meta-
analyses, 
observationa
l studies, 
mixed 
methods 
studies, 
case 
reports/serei
es; studies 
that reported 
on adverse 
events 
and/or herb-
drug 
interactions; 
during 
pregnancy 
and/or 
postnatal 
period 

A. 
Ensiye
h, 
2009 (
n=70) 
B. 
Willets 
2003 
(n=12
0) 
C. 
Vutyav
anich, 
2001(
n=67) 
D. 
Fische
r-
Rasm
ussen, 
1991 
(n=30) 
E. 
Smith, 
2004 
(n=29
1) 
F. 
Biswa
s, 
2011 
(n=63) 
G. 
Firouz
bakht, 
2014 (
n=120
) 
H. 
Pongr
ojpaw, 
2007 
(n=17
0) 
I. 
Kalava
, 2013 

Databas
es: The 
Allied 
and 
Comple
mentary 
Medicin
e 
Databas
e, 
CINAHL, 
EMBAS
E, the 
Cochran
e 
Library, 
MEDLIN
E, 
Scopus, 
Web of 
Science, 
ClinicalT
rials.gov
  
Search 
Dates: 
inceptio
n to Aug 
2018 

N: NR 
Age: NR 
Gender: 100% 
female 
Health: 
Pregnancy and 
post-natal period 

Species: NR 
Type: 
Unspecified 
ginger 
Route: oral 
Dose: NR 
Duration: NR 
 

NR ADVERSE EFFECTS 
Adverse effects 
• In mother: reflux (n=1), 

heartburn (n=8), abdominal 
discomfort (n=2), increased 
nausea (n=1), mouth irritation, 
headache, dry mouth (n=1), 
bloating, sweating, body ache, 
loose stools, diarrhoea, 
drowsiness, sedation, 
arrhythmia, allergy, dehydration 
(n=1), spotting in the 2nd and 
3rd trimesters (n=1).  

• In newborns: shorter 
gestational age (n=1), smaller 
head circumference (n=1), 
ventricular septal defect, right 
lung abnormality, pelviectasis. 

• Absence of adverse events with 
ginger (n=2; studies A,D; n=100 
participants) 

• No effect of ginger on 
congenital abnormalities (n=3) 

Drug interactions 
• Metformin: additive 

hypoglycaemic effects, might 
increase insulin levels (n=1). 

• Insulin: additive hypoglycaemic 
effects (n=1). 

• Aspirin: inhibit thromboxane 
synthetase and decrease 
platelet aggregation, increased 
odds of bleeding (n=1). 

• Nifedipine: significantly inhibits 
platelet aggregation, synergic 
effects (n=1). 

 
 

The use of 
ginger 
during early 
pregnancy 
has been 
associated 
with a 
variety of 
mild to 
severe, 
non– dose-
dependent 
adverse 
drug 
reactions, 
ranging from 
dry mouth to 
worsening of 
nausea and 
dehydration; 
use during 
late 
pregnancy 
has been 
associated 
with 
bleeding or 
spotting 
during the 
second and 
third 
trimesters, 
prematurity, 
and reduced 
head 
circumferenc
e at birth. It 
has to be 
noted that 
formulation, 
dose, and 
exposure 
period were 
not 
standardized 
in these 
studies. 
Ginger has 

Yes -  
Critica
l 
Apprai
sal 
Skills 
Progra
mme 
quality 
asses
sment 
tool 
and  
Joann
a 
Briggs 
Institut
e 
Check
list for 
case 
report
s. 
Most 
high 
or 
avera
ge 
quality  

Low 
Qual
ity  
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(n=12
8) 
J. 
Tianth
ong, 
2018 
(n=17
8) 
K. 
Choi, 
2015 
(n=15
9) 
L. 
Heitm
ann, 
2013 
(n=10
20) 
M. 
Basira
t, 
2009 (
n=65) 
N. 
Chittu
mma, 
2007 
(n=12
6) 
O. 
Portno
i, 2013 
(n=18
7) 
P. 
Traba
ce, 
2015 
(n=60
0) 
Q. 
Rukh, 
2016 (
n=60)  

also been 
identified as 
a source of 
potentially 
significant 
herb–drug 
interactions 
with insulin, 
metformin, 
and 
nifedipine, 
medicines 
commonly 
used during 
pregnancy. 

Bartels et 
al. 2015 
(113) 

N studies: 
5 (n=7 

RCTs 
comparing 
any oral 

A. 
Bliddal
, 2000 

Databas
es: 
PubMed

N:  874 Species:  - Placebo 
(n=5) 

ANALGESIC EFFECTS 
OSTEOARTHRITIS 
Pain severity: 

The present 
meta-
analysis on 

Yes – 
Tool 
NR. 

Mod
erat
e 
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Aim: to 
assess 
the 
clinical 
evidence 
of 
efficacy 
and 
safety of 
oral 
ginger in 
the 
symptom
atic 
treatment 
of OA. 

comparato
r groups) 
Type 
studies: 
RCTs 
Countries: 
NR 
 

ginger 
preparation 
(consisting 
only of 
extracts of 
ginger 
species) 
with placebo 
treatment on 
patients 
aged 18 or 
over with 
osteoarthritis 
in any joint. 

(n=22
4) 
B. 
Altma
n, 
2001 
(n=24
7) 
C. 
Wigler
, 2003 
(n=29) 
D. 
Haghi
ghi, 
2005 
(n=16
0) 
E. 
Zakeri, 
2011 
(n=20
4) 
 

, 
EMBAS
E, 
CINAHL, 
Web of 
Science, 
Scifinder
,  
Cochran
e 
Central 
Search 
Dates:  
inceptio
n to 
April 
2014 

Age: mean 
range 47-66 
years 
Gender: 64% 
female 
Health: 
Osteoarthritis 
- Knee OA (N=3) 
- Knee or hip OA 
(n=2) 
- Type OA NR 
(n=1) 
 

- Chinese 
ginger (n=1, 
study A) 
- Zingiber 
officinale (n=3, 
studies C-E) 
- NR (n=1, 
study B) 
Type:  Oral 
ginger extract 
supplement in 
capsule form 
Route: oral 
Dose: 0.5-1g 
/d 
- 0.5g/d (n=3, 
studies A,B,E) 
- 1g/d (n=2, 
studies C,D) 
Frequency: 
NR 
Duration: 3 – 
12 weeks 
- 3 weeks 
(n=1, study A) 
- 4 weeks 
(n=1, study D) 
- 6 weeks 
(n=2, studies 
B,E) 
- 12 weeks 
(n=1, study C) 

- Ibuprofen 
(n=2, studies 
A,D) 

• Sig reduction with ginger vs. 
placebo (n=3, studies A,C,D; 
n=423 participants); no sig 
difference between ginger and 
placebo (n=2, studies B,E; n= 
451 participants) 

• Pooled effect: Sig greater 
reduction with ginger vs. 
placebo (SMD: -0.30; 95% CI: -
0.50 – -0.09; p=0.005; I2= 27%; 
n=5 studies, studies A-E, 
n=874 participants). 

Knee Stiffness: 
• Sig reduction with oral ginger 

capsules vs. placebo (n=2 
studies, studies B,E; n=451 
participants). 

Disability: 
• Sig reduction with ginger vs. 

placebo (n=3, studies A,B,C; 
n=500 participants);  no sig 
difference between ginger and 
placebo (n=1, study E; n=204 
participants) 

• Pooled effect: Sig greater 
reduction with ginger vs. 
placebo (SMD: -0.22; 95% CI: -
0.39 – -0.04; p=0.01; I2= 0%; 
n=4 studies, studies A-C,E; 
n=704 participants). 

 
 

ADVERSE EFFECTS: 
Risk of study withdrawal due to 
adverse effects: 
• Pooled effect: Sig increased 

risk with ginger vs. placebo 
(RR: 2.33; 95% CI: 1.04 – 5.22; 
p=0.04; I2= 0%; n=3 studies, 
studies A-C; n=500 
participants). Adverse effects 
were bad taste, various forms 
of stomach upset. None 
classified as serious in terms of 
causing lasting harm. 

 

ginger for 
OA 
demonstrate
d that ginger 
has a 
superior 
effect on OA 
pain and 
disability to 
placebo, and 
apparently 
without 
serious 
adverse 
events. As a 
conclusion, 
ginger may 
be 
considered 
as part of 
the 
treatment of 
OA, where 
the patient is 
motivated 
for trying this 
nutraceutical
. As with 
other 
complement
ary and 
alternative 
therapies, 
further 
studies from 
independent 
researchers 
would be 
able to show 
if the effects 
suggested 
by the 
present data 
will stand in 
the future. 
Also, as in 
all treatment 
of patients 

Qual
ity 
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which may 
take other 
medication, 
known 
possible 
interaction 
between 
medicine 
and 
nutraceutical
s must be 
considered. 

Chen et 
al., 2020 
(114) 
 
Aim: to 
explore 
the 
influence 
of ginger 
versus 
placebo 
on 
treatment 
in 
migraine 
patients. 
 
1/3 
papers 
excluded 
as 
administe
red 
ginger 
with 
Feverfew 

N studies: 
2/3 eligible 
for 
inclusion 
Type 
studies:  
RCTs  
Countries: 
Brazil 
 

RCTs; 
patients with 
migraine; 
ginger vs. 
placebo. 

A. 
Martin
s, 
2020 
(n=10
7) 
B. 
Martin
s, 
2019 
(n=60) 
 

Databas
es:  
PubMed
, 
EMbase, 
Web of 
science, 
EBSCO, 
and the 
Cochran
e library 
Search 
Dates: 
Inceptio
n to 
Sept 
2020 

N: 167 
Age: Pooled NR 
Gender: 72% 
female 
Health: Migraine 

Species: NR 
Type:  
capsules 
Route: oral 
Dose: 0.4-0.6g 
/d 
- 0.6g/d (study 
A) 
- 0.4g/d (study 
B) 
Frequency:  
- TID (study A) 
- OD (study B) 
Duration:  
- 3 months 
(study A) 
- single dose 
(study B) 

Placebo ANALGESIC EFFECTS 
HEADACHE 
Pain severity: 
• Sig lower with ginger vs. 

placebo (n=2, studies A,B). 
Treatment response:  
• No sig difference between 

ginger and placebo (RR: 2.04 
(95% CI: 0.35 to 11.94); 
p=0.43; I2=64%, n=2 studies, 
studies A,B; n=167 
participants). 

Ginger is 
safe and 
effective in 
treating 
migraine 
patients with 
pain 
outcomes 
assessed at 
2 h. 

Yes – 
Jadad. 
Both 
high 
qaulity 
(score 
4/5) 

Mod
erat
e 
Qual
ity 

Crichton 
et al., 
2019 (115) 
 
Aim: To 
evaluate, 
in adult 
cancer 
patients 
receiving 

N studies: 
18 studies 
(n=20 
interventio
n groups) 
Type 
studies:  
- RCT 
(n=15) 

Adults 
undergoing 
chemothera
py (no 
concurrent 
radiotherapy
); control 
group of 
placebo or 
anti-emetic; 

A. 
Alparsl
an, 
2012 
(n=45) 
B. 
Arslan
, 2015 
(n=60) 

Databas
es: 
PubMed
, the 
Cochran
e 
Library, 
and 
Cumulati

N: 1652 (range 
20 – 375) 
Age: adults, 
mean age NR 
Gender:  64% 
female 
Health: patients 
undergoing 
chemotherapy 
for cancer. 

Species: NR 
Type:  
- Ginger drink 
(n=1; K) 
- Ginger 
sachet in 
yoghurt (n=1; 
B) 
- Ginger tablet 
(n=1; A) 

- Placebo 
(n=14; C-
J,L,M,O-R)  
- Standard 
care (n=3; 
B,K,N) 

- IV anti-
emetic (n=1; 
A) 

ANTIEMETIC EFFECTS 
CHEMOTHERAPY-INDUCED 
NAUSEA AND VOMITING 
Anticipatory nausea incidence: 
• No sig difference between 

ginger and control (n=2, studies 
C,I; n=302 participants) 

Anticipatory vomiting incidence: 
• Sig lower in ginger vs. control 

(n=1, study Q; n=98 

“The only 
significant 
finding was 
for 
duration 
of >3 days 
of 
supplementa
tion with 

Yes – 
Cochr
ane.  
risk of 
bias 
across 
all 
article
s was 

High 
Qual
ity 
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chemothe
rapy, the 
effects of 
ginger 
suppleme
ntation 
incidence
, duration, 
and 
severity 
of 
chemothe
rapy-
induced 
nausea 
and 
vomiting 
and 
outcomes 
related to 
chemothe
rapy-
induced 
nausea 
and 
vomiting 
(eg, 
quality of 
life and 
fatigue). 
 
 

- Non-RCT 
(n=1) 
- Control 
time series 
(n=1) 
Countries:  
- Iran 
(n=6) 
- Thailand 
(n=4) 
- Turkey 
(n=2) 
- United 
States 
(n=2) 
- Italy 
(n=1) 
- China 
(n=1) 
- Australia 
(n=1) 
- 
Indonesia 
(n=1) 
 

assessed 
CINV 
incidence 
and/or 
severity. 

C. 
Bossi, 
2017 
(n=25
1) 
D. 
Danwil
lai, 
2017 
(n=50) 
E. 
Fahimi
, 2011 
(n=50) 
F. 
Konm
un, 
2017 
(n=88) 
G. Li, 
2018 
(n=14
6) 
H.  
Manus
irivitha
ya, 
2004 
(n=48) 
I. 
Marx, 
2017 
(n=51) 
J. 
Monta
zeri, 
2013 
(n=44) 
K. 
Muthia
, 2013 
(n=20) 
L. 
Panah
i, 2012 
(n=10
0) 

ve Index 
to 
Nursing 
and 
Allied 
Health 
Literatur
e,  
Embase 
and 
Web of 
Science. 
Search 
Dates: 
Inceptio
n - April 
2018 
 
 
 

- Capsule 
(n=18) 
Active 
constituents: 
reported by 
n=10 studies: 
- Combined 
gingerols, 
zingerone, and 
shogoals of an 
unspecified 
dose (n=3) 
-  gingerols 
(ranging from 
11 to 16 mg) 
and shogoal 
(ranging from 
0.92 to 1.12 
mg) (n=4) 
-  gingerols 
(ranging from 
0.5 to 150 mg) 
alone (n=3) 
Route: Oral 
Dose:  
- 0.02g/d (n=2; 
D,F) 
- 0.16g/d (n=1; 
C) 
- 0.5g/d (n=2; 
G,M) 
- 1g/d (n=9; 
B,E,H,J,M,N,P
-R) 
- 1.2g/d (n=1; 
I) 
- 1.5g/d (n=2; 
L,M) 
- 1.6g/d (n=1; 
A) 
- 2g/d n=2; 
O,R) 
- NR (n=1; K) 
Frequency: 
- BD (n=11; A-
G,J,N,O,P) 
- TID (n=1; L) 

participants); no sig difference 
(n=1, study I; n=51 participants) 

Inter-cycle nausea incidence: 
• No sig difference between 

ginger and control (n=1, study 
C; n=251 participants) 

Nausea incidence: 
Overall: 
• Sig lower in ginger vs. control 

(n=1, study N; n=43 
participants); no sig difference 
(n=6, studies C,F,E,G,L,R; 
n=854 participants) 

• Pooled effect: No sig difference 
between ginger and control 
(OR: 0.84, 95% CI: 0.6-1.3; 
P=0.42; n=8 studies, studies 
A,C,E,F,G,L,O,R; n=9 
interventions; n=928 
participants; I2=48%). GRADE 
level: moderate) 

• Sensitivity analysis for high 
quality studies and dose equal 
to or less than 1 g or >1g for 
equal to or less than 3 days or 
more than 3 days improved 
heterogeneity (I2=0%) but did 
not result in significant findings. 

Acute: 
• Sig lower in ginger vs. control 

(n=1, study F; n=88 
participants); no sig difference 
(n=4, studies G,E,L,R; n=515 
participants) 

• Pooled effect: No sig 
differences between ginger and 
control (OR: 0.81, 95% CI: 
0.47-1.42; P=0.47; n=5 studies, 
studies E,F,G,L,R; n=6 
interventions; n=590 
participants; I2=63%; GRADE 
level: very low) 

• Sensitivity analysis for high 
quality studies and dose equal 
to or less than 1 g or >1g for 
equal to or less than 3 days or 
more than 3 days improved 

doses 1 
g/day 
that reduced 
the 
likelihood of 
acute 
vomiting by 
60% … 
Ginger 
supplementa
tion might 
benefit 
chemothera
py-induced 
vomiting as 
well as 
fatigue. Due 
to clinical 
heterogeneit
y, this 
systematic 
review 
update 
found no as- 
sociation 
between 
ginger and 
chemothera
py-induced 
nausea and 
other 
chemothera
py- induced 
nausea and 
vomiting-
related 
outcomes. 
The results 
of this 
systematic 
review and 
meta-
analysis 
provide a 
rationale for 
further 
research 
with stronger 

mostly 
low, 
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M. 
Ryan, 
2012 
(n=37
5) 
N. 
Sanaa
ti, 
2016 
(n=43) 
O. 
Shokri
, 2017 
(n=49) 
P. 
Thamli
kitkul, 
2017 
(n=34) 
Q. 
Yekta, 
2012 
(n=98) 
R. 
Zick, 
2009 
(n=21
9) 

- QID (n=4l 
H,I,K,Q) 
- NR (n=2; 
R,M) 
Duration:  
- 3 days, 
starting on day 
of CTX (n=3; 
R,B,F) 
- 5 days, 
starting on day 
of CTX (n=5; 
G-I,L,P) 
- 6 days, from 
3 days prior to 
CTX (n=2, M, 
Q) 
- 10 days, 
from 5 days 
prior to CTX 
(n=1; N) 
- 42-56 days, 
starting from 
day after CTX 
(n=1; C) 
- 1 cycle (n=1; 
J) 
- 3 cycles 
(n=2; D,F) 
- 6 cycles 
(n=1; O) 
- Entire 
treatment 
(n=1; A) 
- NR (n=1; K) 
 

heterogeneity (I2=0%) but did 
not result in significant findings. 

Delayed: 
• Sig lower in ginger vs. control 

(n=1, study F; n=88 
participants); no sig difference 
(n=5, studies C,G,E,L,R; n=766 
participants) 

• Pooled effect: No sig 
differences between ginger and 
control (OR: 0.92, 95% CI: 
0.65-1.30; P=0.64; n=6 studies, 
studies C,E,F,G,L,R; n=7 
interventions; n=834 
participants; I2=28%; GRADE 
level: moderate) 

• Sensitivity analysis for high 
quality studies and dose equal 
to or less than 1 g or >1g for 
equal to or less than 3 days or 
more than 3 days improved 
heterogeneity (I2=0%) but did 
not result in significant findings. 

Nausea severity: 
Overall: 
• Sig lower in ginger vs. control 

(n=3, studies F,M,N; n=506 
participants); no sig difference 
(n=5, studies E,G,H,P,R; n=497 
participants) 

• Pooled effect: No sig 
differences between ginger and 
control (SMD: -0.09, 95% CI: -
0.6-0.4; P=0.71; n=4 studies, 
studies B,E,H,R; n=5 
interventions; n=438 
participants; I2=83%; GRADE 
level: low) 

• Sensitivity analysis for high 
quality studies and dose equal 
to or less than 1 g or >1g for 
equal to or less than 3 days or 
more than 3 days improved 
heterogeneity (I2=0%) but did 
not result in significant findings.  

Acute: 
• No sig differences between 

ginger and control (n=7, studies 

study 
designs, 
adequate 
sample 
sizes, 
standardized 
ginger 
products, 
and 
validated 
outcome 
measures to 
confirm 
efficacy of 
ginger 
supplementa
tion and 
optimal 
dosing 
regimens.” 
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B,E,G-I,P,R; n=608 
participants) 

• Pooled effect: No sig 
differences between ginger and 
control (SMD: -0.03, 95% CI: -
0.2-0.2; P=0.76; n=4 studies, 
studies B,E,H,R; n=5 
interventions; n=438 
participants; I2=0%; GRADE 
level: low) 

• Sensitivity analysis for high 
quality studies and dose equal 
to or less than 1 g or >1g for 
equal to or less than 3 days or 
more than 3 days did not result 
in significant findings.  

•  
Delayed: 
• Sig lower with ginger vs. 

control (n=4, studies B,G,I,P; 
n=291 participants); no sig 
difference (n=3, studies E,H,R; 
n=317 participants) 

• Pooled effect: No sig 
differences between ginger and 
control (SMD: 0.02, 95% CI: -
0.62-0.67; P=0.94; n=4 studies, 
studies B,E,H,R; n=5 
interventions; n=438 
participants; I2=91%; GRADE 
level: very low) 

• Sensitivity analysis for high 
quality studies and dose equal 
to or less than 1 g or >1g for 
equal to or less than 3 days or 
more than 3 days improved 
heterogeneity (I2=75%) but did 
not result in significant findings.  
 

Vomiting incidence: 
Overall: 
• Sig lower with ginger vs. 

control (n=2, studies F,Q; 
n=186 participants); no sig 
difference (n=7, studies E,G-
I,L,P,R; n=648 participants) 

• Pooled effect: No sig 
differences between ginger and 
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control  (OR: 0.78, 95% CI: 
0.44-1.36; P=0.27; n=8 studies, 
studies E,F,G,H,L,P,Q,R; n=9 
interventions; n=825 
participants; I2=66%) 

• Subgroup analysis found no 
significant effects (short 
duration (≤3 days)/low dose 
(≤1g/day) vs. short 
duration/high dose (>1g/day) 
vs. long duration (>3 days)/low 
dose vs. long duration/high 
dose) 

Acute:  
• Sig lower with ginger vs. 

control (n=2, studies F,Q; 
n=186 participants); no sig 
difference (n=6, studies 
E,B,G,I,L,R; n=626 participants) 

• Pooled effect: No sig 
differences between ginger and 
control (OR: 0.69, 95% CI: 
0.38-1.24; P=0.22; n=6 studies, 
studies E,F,G,L,Q,R; n=7 
interventions; n=671 
participants; I2=57%; GRADE 
level: very low) 

• Pooled effect: Sig lower in 
ginger (≤1g/day for >3-days) 
compared to control (OR: 0.4, 
95% CI: 0.17-0.81; P=0.01; n=3 
studies; n=3 interventions; 
n=301 participants; I2=20%; 
GRADE level: moderate)  

•  
Delayed: 
• Sig lower with ginger vs. 

control (n=3, studies B,F,Q; 
n=246 participants), no sig 
difference (n=4, studies 
E,G,I,L,R; n=566 participants) 

• Pooled effect: No sig 
differences between ginger and 
control (OR: 0.83, 95% CI: 
0.39-1.79; P=0.63; n=6 studies, 
studies E,F,G,L,Q,R; n=7 
interventions; n=671 
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participants; I2=76%; GRADE 
level: very low). 

• Subgroup analysis found no 
significant effects (short 
duration (≤3 days)/low dose 
(≤1g/day) vs. short 
duration/high dose (>1g/day) 
vs. long duration (>3 days)/low 
dose vs. long duration/high 
dose) 

Vomiting frequency: 
Acute:  
• No sig differences between 

ginger and control (n=1, study 
G; n=146 participants) 

Delayed: 
• No sig differences between 

ginger and control (n=1, study 
G; n=146 participants) 

Physical function: 
• No sig difference between 

ginger and control (n=1, study 
C; n=251 participants) 

Quality of life: 
• Sig higher with ginger vs.  
• control (n=3, studies F,G,I; 

n=285 participants); no sig 
difference (n=1, study M; n=375 
participants) 

• Pooled effect: No sig 
differences between ginger and 
control (SMD: 0.47, 95% CI: -
0.07-1.01; P=0.09; n=3 studies, 
studies F,G,I; n=3 interventions; 
I2=78%; n=279 participants; 
GRADE level: low). 

Fatigue: 
• Sig lower with ginger vs. 

control (n=2, studies F,I,R; 
n=358 participants); no sig 
difference between ginger and 
control (n=2, studies C,N; 
n=294 participants)  

• Pooled effect: No sig 
differences between ginger and 
control (OR: 0.45, 95% CI: 
0.13-1.61; P=0.22; n=3 studies, 
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F,P,R; n=4 interventions; n=375 
participants; I2=60%). 

• Pooled effect: Sig lower with 
ginger (any dose for <3-days 
duration) compared to control 
(OR: 0.2, 95% CI: 0.03-0.87; 
P=0.03; n=1 study; n=2 
interventions; n=219 
participants; I2=0%; GRADE 
level: low). 

 
Adverse events: 
• No adverse events (n=2, 

studies D,F; n=138 participants) 
• Not reported (n=8, studies 

A,B,EJ,K,L,M,N) 
• No sig difference between 

ginger and control (n=8, studies 
C,G,H,I,O,P,Q,R). Events 
included neutropenia, 
restlessness, headache, heart 
palpitations, peripheral 
neuropathy, dyr mouth, 
heartburn, drowsiness, bone 
marrow depression, diarrhoea, 
constipation, dizziness, 
flushing.  

Any gastrointestinal, flushing, rash-
related or unspecified adverse event 
reasonably relatable to the 
intervention: 
•  Pooled effect: Sig greater with 

ginger vs. control (OR: 2.0, 
95% CI: 1.39-2.99; P=0.0003; 
n=3 studies; n=5 interventions; 
1458 participants; I2=0%; 
GRADE level: moderate). 

Heartburn: 
• Pooled effect: No sig 

differences between ginger and 
control (OR: 1.88, 95% CI: 
0.68-5.18; P=0.22; n=3 studies, 
G,H,Q; n=3 interventions; 
n=312 participants; I2=0%; 
GRADE level: low). 

Mortality: 
No sig difference between ginger 
and control (n=2) 
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Daily et 
al., 2015 
(116) 
 
Aim: To 
assess 
the 
effectiven
ess of 
ginger for 
primary 
dysmenor
rhea.   

N studies: 
7 studies 
reporting 
on 9 
interventio
n groups 
Type 
studies:  
RCTs 
Countries:  
Iran (n=6), 
India (n=1) 

Women with  
Dysmenorrh
ea; ginger; 
any 
comparator; 
primary 
dysmenorrh
ea as 
primary 
outcome; 
prospective 
RCTs. 
Dissertation
s included. 

A. 
Shirva
ni, 
2015 
(n=22) 
B. 
Kashe
fi, 
2014 
(n=15
0) 
C. 
Gupta, 
2013 
(n=64) 
D. 
Jenabi
, 2013 
(n=70) 
E. 
Rahna
ma, 
2012 
(n=12
0) 
F. 
Halder
, 2012 
(n=75) 
G. 
Ozgoli
, 2009 
(n=15
0) 

Databas
es:  
PubMed
, 
EMBAS
E, 
Cochran
e 
Library, 
DBpia, 
RISS, 
KISS,  
CNKI, 
the 
Chinese 
Scientifi
c 
Journals 
Databas
e, the 
Indian 
Medical 
Journals
, 
the 
Indian 
Journals
.  
Search 
Dates: 
NR 

N: 651 
Age:  range 13-
30 years 
Gender: female  
Health: primary 
dysmenorrhea  
 

Species: NR 
Type:  Ginger 
powder 
capsule  
Route: oral 
Dose: 0.5g-
2g/d 
- 0.5g/d (n=1) 
- 0.75g/d (n=2) 
- 1g/d (n=4) 
- 1.5g/d (n=1) 
- 2g/d (n=1)  
Frequency:  
- OD (n=2) 
- BD (n=2) 
- TID (n=2) 
- QID (n=1) 
Duration:  
- 3 days from 
1st day of 
menstruation 
(n=6) 
- 4 days from 
1st day of 
menstruation 
(n=1) 
- 5 days from 
2 days prior to 
menstruation 
(n=1) 
- until pain 
relief (n=1) 

- Placebo 
capsule (n=4) 
- Exercise 
20mins 
stretching/ 
strength/d 
(n=1) 

- Analgesic 
(Mefenamic 
acid) 0.25g 
capsule QID 
(n=1) 

- Analgesic 
(Mefenamic 
acid 0.25g 
capsule and 
ibuprofen 
400mg) QID 
(n=1) 

 

DYSMENORRHEA 
Dysmenorrhea pain severity: 
• Sig reduction with ginger vs. 

placebo (n=3, studies B,D,E; 
n=366 participants). 
Pooled effect: Sig greater 
reduction with ginger vs. 
placebo (MD: -2.29; 95% CI: -
3.46 – -1.12; p=0.0001; 
I2=88%; n=3 studies, studies 
B,D,E; n=4 intervention groups; 
n=366 participants). 

• Sig reduction with ginger & no 
difference between ginger and 
analgesic (mefenamic acid or 
ibuprofen) (n=2, studies A,G; 
n=172 participants). 

• Combined effect of exercise 
and ginger more effective than 
exercise alone (n=1, study C; 
n=64 participants). 

Pain duration:  
• Sig reduction with ginger vs. 

placebo (n=1; study E; n=120 
participants). 

 
ADVERSE EFFECTS 
• No sig difference between 

ginger vs. control (n=7, studies 
A-G; n=651 participants) 

• No adverse effects reported 
(n=6 studies, studies A,C-G; 
n=500 participants). 

• Adverse effects (mild 
heartburn, headache, 
diarrhoea) (n=1, study B; n=150 
participants) 

This 
research 
clearly 
demonstrate
s that ginger 
(750–2000 
mg/ day 
during the 
first 3–4 
days of the 
menstrual 
cycle) is a 
very 
promising 
potential 
treatment for 
the pain and 
discomfort 
associated 
with primary 
dysmenorrh
ea. Ginger 
was found to 
be more 
effective 
than placebo 
and exercise 
alone, and 
as effective 
as 
analgesic.  

Yes – 
Cochr
ane 
Tool 
(n=2 
high 
quality
; n=4 
moder
ate 
quality
; n=1 
low 
quality
). 

Mod
erat
e 
Qual
ity 

Dilokthor
nsakul et 
al., 2021 
(117) 
 
Aim: to 
summariz
e the 
efficacy 
and 
safety of 

N studies: 
2 of 5 
studies 
eligible for 
inclusion  
Type 
studies: 
RCTs 
Countries: 
Thailand 
 

RCTs; 
explored 
effects of 
ginger on 
human 
breast milk 
volume.  

A. 
Parita
kul 
2016 
(n=63) 
B. 
Sassa
narakk
it 2019 
(n=70) 

Databas
es: 
Pubmed
, 
Enmbas
e, 
CINAHL, 
Cochran
e, 
Scopus, 
Web of 

N: 133 
Age: mean 
range 25 -32 
years  
Gender: women 
Health: Lactating 
women 
- C-section birth 
(n=1, study B) 

Species: NR 
Type:  
Ginger instant 
powder (n=1, 
study B) 
Ginger 
capsule (n=1, 
study A) 
Dose:  
- 1g (study A) 
- 10g (study B) 

Placebo OTHER EFFECTS 
LACTATION 
24 hour breast milk volume: 
• Day 3 postpartum: Sig 

decrease with ginger vs. 
placebo (n=1, study A), no sig 
difference (n=1, study B) 

• Day 7 postpartum: No sig 
difference between ginger and 
placebo (n=1, study A) 

Prolactin levels: 

“Ginger 
could be 
used to 
enhance 
human milk 
volume in 
mothers with 
vaginal 
births, not 
mothers with 
C-section.” 

Yes – 
Cochr
ane 
ROB. 
Low or 
some 
risk of 
bias. 

Mod
erat
e 
Qual
ity 
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ginger on 
human 
breast 
milk 
volume. 
 
3/5 not 
eligible 
for 
inclusion 
as 
administe
red 
ginger 
with 
additional 
products 

Science, 
Google 
Scholar. 
Search 
Dates: 
Inceptio
n – May  
2019 

- Any delivery 
method (n=1, 
study A) 
 

Frequency: 
BD 
Duration:  
- Day 3 
postpartum 
(study B) 
- Days 3 and 7 
postpartum 
(study A) 
 

• No sig difference between 
ginger and placebo (n=1, study 
A) 

 
ADVERSE EFFECTS:  
• No adverse effects (n=2, 

studies A,B) 

Hasani et 
al., 2019 
(118) 
 
Aim: 
effect of 
ginger on 
BP in 
adults. 

N studies: 
6  
Type 
studies: 
RCTs 
(n=6) 
Countries: 
Iran 
 
 
 
 

RCTs; 
adults; >2 
weeks 
duration 
follow-up; 
adequate 
control. 

A. 
Shahd
adi, 
2014 
(n=60) 
B. 
Arablo
u, 
2014 
(n=63) 
C. 
Azimi, 
2016 
(n=80) 
D. 
Arzati, 
2017 
(n=45) 
E. 
Nayeb
ifar, 
2017 
(n=16) 
F. 
Talaei, 
2014 
(n=81) 

Databas
es: 
Pubmed
, 
Cochran
ce, 
Scopus, 
Web of 
Science, 
Google 
Scholar. 
Search 
Dates: 
Inceptio
n – Sept 
15 2018 

N: 345 (n=170 
control; n=175 
ginger group) 
Age: Adults, 
mean age 
ranged from 22 
to 54 years old  
Gender: men 
(n=1), women 
(n=1), men and 
women (n=4) 
Health:  
- T2DM patients 
(n=4) 
- 
Hyperlipidaemia 
(n=1) 
- Overweight 
(n=1) 
Baseline BMI of 
participants in 
each study 
showed that all 
trials examined 
overweight 
subjects (BMI > 
25 kg/m2). 
 

Species: NR 
Type: ginger 
powder 
Dose: 0.5-3 
g/d 
- 0.5g/d (n=1, 
study A) 
- 1.6g/d (n=1, 
study B) 
- 2 g/d (n=1, 
study D) 
- 3g/d (n=3, 
studies C,E,F) 
Frequency: 
NR 
Duration: 7-12 
weeks  
- 7 weeks 
(n=1, study A) 
- 8 weeks 
(n=2, studies 
C,F) 
- 10 weeks 
(N=2, studies 
D,E) 
- 12 weeks 
(n=1, study B) 
 
 

Placebo (n=4); 
placebo and 
training (n=1); 
black tea 
(n=1). 

METABOLIC EFFECTS 
BLOOD PRESSURE 
Systolic BP: 
• MD: −6.36 mmHg; 95% CI 

[−11.27, −1.46]; P = .011; I2 = 
89.8%; P < .001; 6 studies, 
studies A-F; 345 participants 

Sub-group Analysis: Mean age 
• ≤50 years: MD: −9.25 mmHg; 

95% CI [−14.80, −3.70]; I2 = 
88.1%; P <.001; 4 studies; 
n=186 participants 

• >50 years: MD: −0.79 mmHg; 
95% CI [−3.63, 2.06]; I2 = 0%; 
P = .627; 2 studies; n=159 
participants) P <.001 between 
groups 

Subgroup Analysis: Study duration 
• ≤8 weeks: MD: −7.95 mmHg; 

95% CI [−15.61, −0.29]; I2 = 
94.4%; P = .001; 3 studies; 
n=221 participants 

• >8 weeks: MD: −4.62 mmHg; 
95% CI [−11.29, 2.05]; I2 = 
81.4%; P = .005; 3 studies; 
n=124 participants, P = .101 
between groups 

Subgroup Analysis: Dose 
• <3 g/d: MD: −3.52 mmHg; 95% 

CI [−7.72, 0.68]; I2 = 67.9%; P 

The present 
paper 
suggests the 
potential for 
improving 
SBP and 
DBP 
following 
ginger 
supplementa
tion, 
particularly 
when used 
in high dose 
(>3 g/d), 
short 
intervention 
period (≤ 8 
weeks) and 
participants 
with mean 
age ≤ 50 
years. 
However, 
future high-
quality 
investigation
s with 
different 
dose and 
duration of 

Yes – 
Jaded 
Score. 
All 
high 
quality
. 

Low 
Qual
ity 
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= .044; 3 studies; n=168 
participants 

• ≥3 g/d: MD: −9.46 mmHg; 95% 
CI [−18.90, -0.01]; I2 = 94.3%; 
P = <.001; 3 studies; n=177 
participants, P = .005 between 
groups 

Diastolic BP: 
• MD: −2.12 mmHg, 95% CI 

[−3.92, −0.31]; I2 = 73.4%; I2 = 
74%; P = .002; 6 studies; 345 
participants 

Sub-group Analysis: Mean age 
• ≤50 years: MD: −2.84 mmHg; 

95% CI [−5.09, −0.59]; I2 = 
74.6%; P = .008; 4 studies; 
n=186 participants 

• >50 years: MD: −2.84 mmHg; 
95% CI [−5.09, -0.59]; I2 = 
74.6%; P = .008; 2 studies; 
n=159 participants P < .011 
between groups 

Subgroup Analysis: Study duration 
• ≤8 weeks: MD: −3.17 mmHg; 

95% CI [−5.57, −0.77]; I2 = 
80.6%; P = .006; 3 studies; 
n=221 participants 

• >8 weeks: MD: −0.63 mmHg; 
95% CI [−3.65, 2.40]; I2 = 
65.5%; P = .002; 3 studies; 
n=124 participants, P = .103 
between groups 

Subgroup Analysis: Dose 
• <3 g/d: MD: −0.65 mmHg; 95% 

CI [−3.70, 2.40]; I2 = 69.1%; P 
= .039; 3 studies; n=168 
participants 

• ≥3 g/d: MD: −3.21 mmHg; 95% 
CI [−5.78, −0.63]; I2 = 80.6%; P 
= <.006; 3 studies; n=177 
participants, P = .156 between 
groups 

 
ADVERSE EFFECTS: Not reported 

ginger 
supplementa
tion are 
required to 
confirm the 
potential 
beneficial 
effect of 
ginger 
supplementa
tion on BP.  

Hu et al., 
2020 (119) 
 

N studies: 
13 (n=15 
interventio
n groups) 

NVP as 
outcome; 
RCTs; 
ginger 

A. 
Sharif
zadeh, 

Databas
es: Web 
of 
Science 

N: 1174 
Age: NR 
Gender:  women 

Species: NR 
Type:  

- Placebo 
(n=8, studies 
A-C,E,G,K-M) 

ANTIEMETIC EFFECTS 
NAUSEA AND VOMITING OF 
PREGNANCY 
Pregnancy nausea incidence: 

“This meta-
analysis 
showed that 
ginger 

Yes – 
Cochr
ane. 
Most 

Low 
Qual
ity 



   
 

APPENDIX III: Chapter 4.2 Supplementary Materials 
 

453 

Aim: to 
explore 
the effect 
of ginger 
in the 
treatment 
of nausea 
and 
vomiting 
during 
pregnanc
y 
compared 
with 
placebo 
and 
vitamin 
B6. 

Type 
studies: 
RCTs 
Countries: 
Iran (n=7), 
Thailand 
(n=3), 
Australia 
(n=1), 
USA 
(n=1), 
Denmark 
(n=1) 
 

compared 
with any  
control; 
sufficient 
data for 
meta-
analysis. 

2018 
(n=77) 
B. 
Saberi
, 2014 
(n=12
0) 
C. 
Firouz
bakht, 
2014 
(n=12
0) 
D. 
Javadi
, 2013 
(n=10
2) 
E.. 
Ozgoli
, 2009 
(n=70) 
F. 
Ensiye
h, 
2009 
(n=70) 
G. 
Basira
t, 2009 
(n=65) 
H. 
Chittu
mma, 
2007 
(n=12
6) 
I. 
Smith, 
2004 
(n=29
1) 
J. 
Sripra
mote, 
2003 
(n=13
8) 

and 
Pubmed 
Search 
Dates: 
inceptio
n – April 
2019 

Health: 
pregnant, <20 
weeks gestation 
 

- Ginger 
capsule 
(n=11) 
- Ginger syrup 
in water (n=1, 
study K) 
- Ginger 
biscuits (n=1, 
study G) 
Route: oral 
Dose: 0.75g/d 
– 1g/d 
- 0.75g/d (n=1, 
study B) 
- 1g/d (n=9, 
studies A,C-
F,I,K-M) 
- 1.5g/d (n=1, 
study J) 
- 1.95g/d 
(N=1, study H) 
- 2.5g/d (n=1, 
study G) 
Frequency: 
- NR (n=8) 
- TID (n=4)  
- QID (n=1) 
Duration: 3-21 
days  
- 3 days (n=1) 
- 4 days 
(n=10, studies 
A,B,C,G,L,M) 
- 14-21 days 
(n=2, studies 
E,K) 

- Vit B6 
capsule/tablet 
0.03-0.16g/d 
(n=7, studies 
A,C,D,F,H-J) 

• Sig reduction with ginger vs. 
placebo (OR: 7.475, 95% CI: 
4.133-13.520, p= 0.000, I2: 
30%, 5 studies, studies 
E,G,K,L,M; n=261 participants). 

• Ginger as effective as vitamin 
B6 (OR: 1.239, 95% CI: 0.495-
3.102, p= 0.647, I2: 57%, 2 
studies, studies F,I; n=361 
participants). 

Pregnancy number of vomiting 
episodes: 
• No association between ginger 

and placebo (SMD: 0.549, 95% 
CI: -0.268-1.365, p= 0.188, I2: 
91%, 5 studies, studies A-
C,G,L; n=452 participants).  

• Ginger as effective as vitamin 
B6 (SMD: 0.331, 95% CI: -
0.145-0.173, p= 0.196, I2: 86%, 
6 studies, studies A,C,D,F,H,J; 
n=633 participants). 

Pregnancy nausea severity score 
(higher score indicating more 
severe nausea): 
• Sig reduction with ginger vs. 

placebo (SMD: 0.821, 95% CI: 
0.585-1.056, p= 0.000, I2: 39%, 
5 studies, studies A-C,G,L; 
n=452 participants).  

• Ginger as effective as vitamin 
B6 (SMD: 0.199, 95% CI: -
0.102-0.500, p= 0.196, I2: 66%, 
6 studies, studies A,C,D,F,H,J; 
n=633 participants). 

 
ADVERSE EFFECTS 
• No studies reported infant 

congenital abnormalities, 
abnormal pregnancy and 
delivery outcomes as result of 
ginger intervention. 

• Two studies reported dizziness, 
stomach ache and heartburn 
after consuming ginger. 
Stomach ache/heart burn 
alleviated if ginger administered 
with small frequent meals. 

supplementa
tion 
significantly 
relieves 
general NVP 
symptoms 
and nausea 
compared 
with 
placebo, but 
not 
significantly 
effective on 
vomiting. 
Moreover, 
ginger is 
more 
effective 
than vitamin 
B6 in the 
treatment of 
NVP, 
although, 
there were 
no 
significant 
differences. 
Further 
rigidly 
designed 
RCTs with 
larger 
sample 
sizes are 
needed to 
verify the 
effectivenes
s of ginger 
supplementa
tion for the 
treatment of 
NVP 
compared 
with vitamin 
B6.” 

low/un
clear 
ROB. 
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K. 
Keatin
g, 
2002 
(n=26) 
L. 
Vutyav
anich, 
2001 
(n=70) 
M. 
Fische
r-
Rasm
ussen, 
1991 
(n=30) 

Jafarneja
d  et al., 
2017 (120) 
 
Aim: to 
assess 
the effect 
of ginger 
(Zingiber 
officinale) 
on blood 
glucose 
and lipid 
concentra
tion in 
subjects 
with 
diabetes 
or 
hyperlipid
aemia. 

N studies: 
9 (n=10 
interventio
n groups) 
Type 
studies: 
RCTs 
Countries: 
Iran (n=8), 
India (n=1) 
 

Clinical trial 
studies; 
ginger or 
ginger-
containing 
products as 
the 
intervention; 
Z. officinale; 
measured 
blood 
glucose 
levels and/or 
blood lipid 
profile. 
Excluded if 
insufficient 
data for 
meta-
analysis. 

A. 
Alizad
eh, 
2008 
(n=85) 
B. 
Arablo
u, 
2014 
(n=63) 
C. 
Azimi, 
2015 
(n=80) 
D. 
Mahluj
i, 2013 
(n=64) 
E. 
Mozaff
ari-
Khosr
avi, 
2014 
(n=81) 
F. 
Paranj
pe, 
1990 
(n=76) 

Databas
es: 
Scopus 
and 
Pubmed 
Search 
Dates: 
inceptio
n - 30 
Oct 
2016 

N: 609  
Age: mean 
range 35 – 54 
years 
Gender:  NR 
Health: T2DM 
(n=6), 
hyperlipidaemia 
(n=3) 
 
 

Species: 
Zingiber 
officinale 
Type:  
- Ginger 
powder 
capsule (n=7) 
- Ginger tablet 
(n=2, study 
F,D) 
Dose: 
0.005g/d – 
3g/d 
- 5.4mg (n=1, 
study F) 
- 15mg (n=1, 
study F) 
- 0.5g/d (N=1, 
study G) 
- 2g/d (n=2, 
study D) 
- 1.6g/d (n=1, 
study B) 
- 3g/d (n=5, 
studies 
A,C,E,H,I) 
Frequency:  
- NR (n=5) 
- BD (n=2, 
studies B,D) 

Control NR METABOLIC EFFECTS 
BLOOD LIPIDS 
Serum triglyceride:  
• Overall: Sig greater reduction 

with ginger vs. control (WMD: -
8.84; 95% CI: -11.95 – -5.73; 
p<0.00001; I2 = 94%; n=6 
studies, studies A-D,F,G; n=7 
intervention groups; n=428 
participants) 

• Sub-group analysis: 
Hyperlipidaemia: Sig greater 
reduction with ginger vs. 
control (WMD = -10.94; 95% CI 
-14.92 – -6.96; p<0.05; I2 = 
96%) 

• Sub-group analysis: T2DM: Sig 
greater reduction with ginger 
vs. control (WMD = -21.25; 
95% CI -36.75 – -5.76; p<0.05; 
I2 = 96%) 

• Sub-group analysis: High 
quality studies: Sig greater 
reduction with ginger vs. 
control (WMD = -10.94; 95% CI 
-14.92 – -6.96; p<0.05; I2 = 
96%) 

Serum total cholesterol: 
• Overall: Sig greater reduction 

with ginger vs. control (WMD = 
-4.42; 95% CI: -8.70 – -0.13; 

The present 
meta-
analysis 
supports the 
idea that 
ginger has 
effects on 
glucose and 
lipids, limited 
reports on 
possible 
side effects 
and limited 
indications 
due to small 
sample size 
that effects 
may differ 
based on 
underlying 
condition. 
More human 
clinical trials 
are needed 
to confirm 
these 
findings. 

Yes – 
Jadad. 
N=5 
high 
quality
, n=4 
low 
quality 
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G. 
Shahd
adi, 
2014 
(n=60) 
H. 
Shidfa
r, 
2015 
(n=45) 
I. 
Talaie, 
2012 
(n=81) 

- TID (n=2, 
studies A,F) 
Duration: 7 – 
12 weeks 
- 2 months 
(n=6) 
- 3 months 
(n=4) 

p<0.00001, I2 = 96%; n=7 
studies, studies A-D,F,G,I; n=8 
intervention groups; n=509 
participants) 

• Sub-group analysis: 
Hyperlipidaemia: Sig greater 
reduction with ginger vs. 
control (WMD = -6.76; 95% CI: 
-12.10 – -1.42; p<0.05; I2 = 
95%) 

• Sub-group analysis: T2DM: No 
association between ginger and 
control (WMD = 0.29; 95% CI: -
2.74 – 3.32; p>0.05; I2 = 55%) 

• Sub-group analysis: High 
quality studies: Sig greater 
reduction with ginger vs. 
control (WMD = -6.76; 95% CI -
12.10 – -1.42; p<0.05; I2 = 
95%) 

Serum low density lipoprotein 
cholesterol (LDL-C): 
• Overall: No association 

between ginger and control 
(WMD: -5.07; 95% CI: -10.45 – 
-0.30; p=0.06; I2 = 95%; n=6 
studies/intervention groups, 
studies A-D,G,I; n=433 
participants). 

• Sub-group analysis: 
Hyperlipidaemia: No 
association between ginger and 
control (WMD = -4.75; 95% CI -
10.51-1.00; p>0.005; I2 = 87%) 

• Sub-group analysis: T2DM: No 
association between ginger and 
control (WMD = -5.75; 95% CI: 
-16.05 – 4.54; p>0.05; I2 = 
97%) 

• Sub-group analysis: High 
quality studies: No association 
between ginger and control 
(WMD = -4.75; 95% CI: -10.51 
– 1.00; p>0.05; I2 = 87%) 

Serum high density lipoprotein 
cholesterol (HDL-C): 
• Overall: Sig greater increase 

with ginger vs. control (WMD: 
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2.87; 95% CI: 0.88–4.86; 
p=0.005; I2 = 98%; n=7 studies, 
studies A-D,F,G,I; n=8 
intervention groups; n=509 
participants) 

• Sub-group analysis: 
Hyperlipidaemia: Sig greater 
increase with ginger vs. control 
(WMD = 2.72; 95% CI 1.54-
3.91; p<0.05; I2 = 87%) 

• Sub-group analysis: T2DM: No 
association between ginger and 
control (WMD = 3.09; 95% CI: -
2.89 – 9.07; p>0.05; I2 = 99%) 

• Sub-group analysis: High 
quality studies: Sig greater 
increase with ginger vs. control 
(WMD = 2.72; 95% CI 1.54 – 
3.91; p<0.05; I2 = 87%) 

 
GLYCAEMIC EFFECTS 
Fasting blood glucose level:  
• Sig lower with ginger vs. 

control (n=5; studies B,D,E,H,I, 
n=334 participants). 

• No sig difference between 
ginger and control (n=2; studies 
C,G; n=140 participants). 

• Pooled Effect: Sig greater 
reduction with ginger vs. 
control (WMD: -14.93; 95% CI: 
-19.83 – -10.04; p<0.00001; I2 
= 83%; n=7 studies/intervention 
groups, studies B,C,D,E,G,H,I; 
n=474 participants) 

• Sub-group analysis: T2DM: Sig 
greater reduction with ginger 
vs. control (WMD = -17.53; 
95% CI -25.21 – -9.85; p<0.05; 
I2 = 85%) 

• Sub-group analysis: High 
quality studies: Sig greater 
reduction with ginger vs. 
control (WMD = -20.58; 95% CI 
-30.18 – -10.99; p<0.05; I2 = 
77%) 

 
ADVERSE EFFECTS:  
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• None reported (n=8, studies 
A,C-I; n=546 participants) 

• One case of heartburn reported 
(n=1, study B) 

 
Jalali et 
al., 2020 
(121) 
 
Aim: to 
investigat
e the 
effects of 
ginger 
suppleme
ntation on 
markers 
of 
inflammat
ory and 
oxidative 
stress. 

N studies: 
20 studies 
Type 
studies: 
NR; 
clinical 
trials of 
any design  
Countries:  
USA 
(n=4), Iran 
(n=14), 
India (n=2) 

Clinical 
trial with any 
kind of 
design; 
ginger 
administered 
alone; 
intervention 
more than 
10 days 
duration; 
adults; 
reported 
change of at 
least one of 
the following 
outcomes: 
CRP, 
TNF-α, IL-6, 
PGE2, TAC, 
or MDA. 
 

A. 
Black, 
2010 
(n=34) 
B. 
Atash
ak, 
2011 
(n=32) 
C. 
Ayaz, 
2012 
(n=40) 
D. 
Kumar
, 2013 
(n=31) 
E. 
Mahluj
i, 2013 
(n=54) 
F. 
Vahda
t 
Sharia
tpanah
i, 2013 
(n=32) 
G. 
Arablo
u, 
2014 
(n=63) 
H. 
Atash
ak, 
2014 
(n=32) 
I. 
Azimi, 
2014 
(n=80) 

Databas
es:  
PubMed
, 
Embase, 
Scopus, 
Web of 
Science 
Search 
Dates: 
inceptio
n – Sept 
2019 

N: 888 
Age: mean 
range 20-58 
years 
Gender: males 
and females 
Health:  
diverse set of 
health 
conditions. 
- Healthy adults 
(n=1) 
- Obese (n=3) 
- T2DM (n=5) 
- Knee 
osteoarthritis 
(n=2) 
- Pulmonary TB 
(n=2) 
- NAFLD (n=1) 
- Ulcerative 
colitis (n=1) 
- Breast câncer 
(n=1) 
- At high risk of 
colorectal 
cancer (n=1) 
- Peritoneal 
dialysis (n=1) 
- Acute 
respiratory 
distress 
syndrome (n=1) 
- Endurance 
runners (n=1) 
 

Species: NR 
Type:  
- Capsule 
(n=14) 
- Tablet (n=2, 
studies E) 
- Raw (n=2, 
studies I) 
- Powder (n=1, 
study I) 
- Enteral (n=1, 
study F) 
Route: oral 
Dose: 0.12g-
3g/d 
- 0.12g/d (n=1) 
- 0.5g/d (n=3, 
studies D,R) 
- 1g/d (n=3, 
studies B,L) 
- 1.5g/d (n=1) 
- 1.6g/d (n=1, 
study G) 
- 2g/d (n=7, 
studies E,S) 
- 2.25g/d (n=1, 
study C) 
- 3g/d (n=3, 
study I,N) 
Duration:  
10 days-12 
weeks 
- 10 days 
(n=1) 
- 11 days 
(n=1) 
- 4 weeks 
(n=3, studies 
D,) 
- 6 weeks 
(n=1, studies 
C) 

Unspecified 
control 

OTHER EFFECTS 
ANTI-INFLAMMATORY EFFECTS 
Serum C-reactive Protein (CRP): 
• Sig reduction with ginger vs. 

control (n=8; studies B-
E,G,N,R,S) 

• No sig difference (n=2; studies 
I,L) 

• Pooled effect: Sig reduction 
with ginger vs. control 
(MD:−1.03; 95% CI:−1.53– -
0.53; p<.0001; I2= 86%; n=10 
studies, studies B-
E,G,I,L,N,R,S; n=12 
intervention groups; 565 
participants).  

• Subgroup analysis: Age:  
- <30 years: no association 

(effect size: 2; 95% CI: −2.16-
0.17; p=0.09; I2= 58%)  

- 30-40 years: sig reduction 
with ginger vs. control (effect 
size: 3; 95% CI: −1.63− -0.81; 
p<0.0001; I2= 0) 

- 40-50 years: sig reduction 
with ginger vs. control (effect 
size: 3; 95% CI: −4.40− -0.02; 
p=0.04; I2= 96%) 

- >50 years: : no association 
(effect size: 4; 95% CI: −0.71-
0.001; p=0.05; I2= 53%) 

• Subgroup analysis: Supplement 
Duration:  

- Up to 1 month: sig reduction 
with ginger vs. control (effect 
size: 1; 95% CI: −1.66− -0.65; 
p<0.0001; I2=NR) 

- 1-2 months: sig reduction 
with ginger vs. control (effect 
size: 4; 95% CI: −1.27− -0.02; 
p=0.04; I2= 70%) 

- 2-3 months: sig reduction 
with ginger vs. control (effect 

Ginger 
supplementa
tion may 
improve the 
anti-
inflammatory 
and 
antioxidant 
status. 
However, 
further large 
well-
designed 
studies are 
warranted to 
support the 
finding. 

Yes - 
Jadad. 
n=4/2
0 
studie
s low 
quality
; 
n=16/
20 
high 
quality
. 

Low 
Qual
ity 
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J. 
Zehsa
z, 
2014 
(n=28) 
K. 
Attari, 
2015 
(n=70) 
L. 
Imani, 
2015 
(n=36) 
M. 
Khand
ouzi, 
2015. 
(n=41) 
N. 
Shidfa
r, 
2015 
(n=45) 
O. 
Zick, 
2015 
(n=20) 
P. 
Kulkar
ni, 
2016 
(n=69) 
Q. 
Mozaff
ari- 
Khosr
avi, 
2016 
(n=10
0) 
R. 
Naderi
, 2016 
(n=10
0) 
S. 
Rahim
lou, 

- 8 weeks 
(n=2, studies 
E,I) 
- 10 weeks 
(n=3, studies 
B,L) 
- 12 weeks 
(n=9, studies 
N,R,S) 

size: 7; 95% CI: −2.09− -0.43; 
p=0.003; I2= 90%) 

• Subgroup analysis: Supplement 
Dosage: 

- Up to 1g/d: sig reduction 
with ginger vs. control (effect 
size: 5; 95% CI: −1.23− -0.32; 
p=0.001; I2= 57%) 

- 1-2g/d: no association (effect 
size: 3; 95% CI: −4.01-0.11; 
p=0.06; I2= 97%) 

- 2-3g/d: sig reduction with 
ginger vs. control (effect size: 
4; 95% CI: −1.60− -0.17; 
p=0.01; I2= 75%) 

• Subgroup analysis: Study 
Quality:  

- Low quality: sig reduction 
with ginger vs. control (effect 
size: 3; 95% CI: −1.63− -0.81; 
p<0.0001; I2=0) 

- High quality: sig reduction 
with ginger vs. control (effect 
size: 9; 95% CI: −1.58− -0.35; 
p=0.002; I2= 86%) 

Tumour necrosis factor-alpha 
(TNF-α): 
• Sig reduction with ginger vs. 

control (n=6; studies 
E,F,J,P,Q,S) 

• No sig difference (n=1; study G) 
• Pooled Effect: Sig reduction 

with ginger vs. control (MD: –
0.95; 95% CI: −1.59 − -0.31; 
p=0.004; I2=88%; n=7 studies, 
studies E-G,J,P,Q,S; n=7 
intervention groups; n=390 
participants) 

• Subgroup analysis: Age:  
- <30 years: sig reduction 

with ginger vs. control effect 
size: 1; 95% CI: −1.68− -0.12; 
p=0.02; I2= NR)  

- 30-40 years: no association 
(effect size: 1; 95% CI: −0.53-
0.40; p=0.79; I2=NR) 
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2016 
(n=44) 
T. 
Nikkha
h, 
2019 
(n=46) 

- 40-50 years: no association 
(effect size: 3; 95% CI: −2.94-
0.28; p=0.10; I2= 94%) 

- >50 years: : sig reduction 
with ginger vs. control (effect 
size: 2; 95% CI: −1.88− -0.07; 
p=0.03; I2= 86%) 

• Subgroup analysis: Supplement 
Duration:  

- Up to 1 month: no association 
(effect size: 2; 95% CI: −0.54-
0.23; p=0.43; I2=0) 

- 1-2 months: no association 
(effect size: 1; 95% CI: −0.97-
0.11; p=0.11; I2= NR) 

- 2-3 months: sig reduction 
with ginger vs. control (effect 
size: 4; 95% CI: −2.44− -0.52; 
p=0.002; I2= 90%) 

• Subgroup analysis: Supplement 
Dosage: 

- Up to 1g/d: no association 
(effect size: 2; 95% CI: −1.97-
0.11; p=0.08; I2= 84%) 

- 1-2g/d: sig reduction with 
ginger vs. control (effect size: 
4; 95% CI: −2.29− -0.17; 
p=0.02; I2= 91%) 

- 2-3g/d: no association (effect 
size: 1; 95% CI: −0.53-0.40; 
p=0.79; I2= NR) 

Interleukin-6 (IL-6): 
• Sig decrease with ginger vs. 

control (n=4; studies C,E,F,J) 
• Pooled effect: Sig reduction 

with ginger vs. control (MD: –
1.02; 95% CI: −1.71 − -0.34; 
p=0.003; I2=73%; n=4 studies, 
studies C,E,F,J; n=5 
intervention groups; n=154 
participants) 

• Subgroup analysis: Age:  
- <30 years: sig reduction 

with ginger vs. control effect 
size: 1; 95% CI: −2.61− -0.86; 
p=<0.0001; I2= NR)  
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- 30-40 years: no association 
(effect size: 2; 95% CI: −3.12-
0.19; p=0.08; I2=80%) 

- 40-50 years: no association 
(effect size: 2; 95% CI: −0.83-
0.02; p=0.06; I2=0) 

• Subgroup analysis: Supplement 
Dosage: 

- Up to 1g/d: no association 
(effect size: 1; 95% CI: −1.23-
0.17; p=0.14; I2= NR) 

- 1-2g/d: no association (effect 
size: 2; 95% CI: −2.36-0.37; 
p=0.15; I2= 86%) 

- 2-3g/d: no association (effect 
size: 2; 95% CI: −3.12-0.19; 
p=0.08; I2= 80%) 

• Subgroup analysis: Study 
Quality:  

- Low quality: sig reduction 
with ginger vs. control (effect 
size: 2; 95% CI: −3.12-0.19; 
p=0.08; I2=80%) 

- High quality: sig reduction 
with ginger vs. control (effect 
size: 3; 95% CI: −1.57− -0.03; 
p=0.04; I2= 73%) 

Prostaglandin E2 (PGE2): 
• Sig reduction with ginger vs. 

control (n=1; study G) 
• No sig difference (n=2; studies 

A,O) 
• Pooled effect: No association 

between ginger and control 
(MD: –0.32; 95% CI: −0.63−0; 
p=0.05; I2=0; n=3 studies, 
studies A,G,O; n=4 intervention 
groups). 

 
ANTIOXIDANT EFFECTS 
Total antioxidant capacity (TAC): 
• Sig increase with ginger vs. 

control (n=2, studies H,N) 
• No sig difference (n=2, studies 

K,T)  
• Pooled effect: Sig increase 

with ginger vs. control (MD: 
0.99; 95% CI: 0.65 – 1.33; 
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p<0.0001; I2=95%; n=4 studies, 
studies H,K,N,T; n=5 
intervention groups) 

• Subgroup analysis: Age:  
- <40 years: sig increase with 

ginger vs. control (effect size: 
2; 95% CI: 0.25-1.13; 
p=0.002; I2= 90%)  

- >40 years: sig increase with 
ginger vs. control (effect size: 
3; 95% CI: 0.91− 2.00; 
p<0.0001; I2=97%) 

• Subgroup analysis: Supplement 
Duration:  

- 10 weeks: no association 
(effect size: 2; 95% CI: −1.43-
0.08; p=0.08; I2=85%) 

- 12 weeks: sig increase with 
ginger vs. control (effect size: 
3; 95% CI: 1.03-1.79; 
p<0.0001; I2= 96%) 

• Subgroup analysis: Supplement 
Dosage: 

- <1.5g/d: no association 
(effect size: 2; 95% CI: −1.43-
0.08; p=0.08; I2=85%) 

- >1.5g/d: sig increase with 
ginger vs. control (effect size: 
3; 95% CI: 1.03-1.79; 
p<0.0001; I2= 96%) 

• Subgroup analysis: Study 
Quality:  

- Low quality: no association 
(effect size: 2; 95% CI: −1.43-
0.08; p=0.08; I2=85%) 

- High quality: sig increase 
with ginger vs. control (effect 
size: 3; 95% CI: 1.03-1.79; 
p<0.0001; I2= 96%) 

Malondialdehyde (MDA): 
• Sig reduction with ginger vs. 

control (n=4,studies H,M,N,T) 
• No sig difference (n=2, studies 

K,L) 
• Sig reduction with ginger vs. 

control (MD: –0.65; 95% CI: 
−1.28 − -0.03; p=0.04; I2=83%; 
n=6 studie, studies 
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H,K,L,M,N,T; n=7 intervention 
groups) 

• Subgroup analysis: Age:  
- <40 years: sig reduction 

with ginger vs. control (effect 
size: 4; 95% CI: −1.50− -0.47; 
p<0.0001; I2= 60%)  

- >40 years: no association 
(effect size: 3; 95% CI: −1.03-
0.75; p=0.76; I2=72%) 

• Subgroup analysis: Supplement 
Duration:  

- 10 weeks: no association 
(effect size: 3; 95% CI: −0.87-
0.09; p=0.11; I2=0) 

- 12 weeks: no association 
(effect size: 4; 95% CI: −1.78-
0.21; p=0.12; I2= 91%) 

• Subgroup analysis: Supplement 
Dosage: 

- <1.5g/d: no association 
(effect size: 3; 95% CI: −0.87-
0.09; p=0.11; I2=0) 

- >1.5g/d: no association 
(effect size: 4; 95% CI: −1.78-
0.21; p=0.12; I2= 91%) 

• Subgroup analysis: Study 
Quality:  

- Low quality: no association 
(effect size: 2; 95% CI: −1.31-
0.11; p=0.09; I2=0) 

- High quality: no association 
(effect size: 5; 95% CI: −1.46-
0.12; p=0.09; I2= 88%) 

 
ADVERSE EFFECTS: Not reported. 

Khorasan
i et al., 
2020 (122) 
 
Aim: to 
assess 
the 
efficacy 
of 
alternativ
e 
medicine 

N studies: 
18 of 24 
studies 
eligible for 
inclusion 
Type 
studies: 
RCTs 
Countries: 
Iran (n=7), 
India 
(n=1), 

RCTs; 
herbal 
medicine  al
one or with a 
drug; any 
control; 
pregnancy 
nausea/vomi
ting as 
outcome  

A. 
Firouz
bakht, 
2014 (
n=120
) 
B. 
Biswa
s, 
2011 
(n=63) 

Databas
es: 
PubMed
, 
Cochran
e 
Library, 
Scopus 
Search 
Dates: 
inceptio

N: 1690 (range 
26-291) 
Age: mean 
range 21-48 
years 
Gender: 100% 
female 
Health: Pregnant 
women with mild 
to moderate 
nausea and 
vomiting. 

Species: NR 
Type:  
- Ginger 
capsule 
(n=12) 
- Ginger 
unspecified 
(n=3) 
- Ginger 
biscuits (n=1) 
- Ginger drink 
(n=1) 

- Placebo 
(n=11) 
- Vit B6 (n=6); 
dose 0.03-
0.16g/d 
- Vit B6 & anti-
histamine 
(n=1) 
- Anti-emetic 
(n=1) 

ANTIEMETIC EFFECTS 
NAUSEA AND VOMITING OF 
PREGNANCY 
Overall incidence:  
• Sig lower in ginger vs. placebo 

(n=9, studies A,D,E,K-N,Q,R; 
n=761 participants); no sig 
difference between ginger and 
placebo (n=1; study P; n=105 
participants) 

• Sig lower in ginger vs. 
antiemetic (vit B6) (n=1, study 

Herbal 
medicines 
such as 
ginger 
provide safe 
and effective 
medical 
alternatives 
for treating 
pregnant 
women with 
mild-to-

Yes – 
Jadad. 
Overal
l 
results 
NR. 

Low 
Qual
ity 
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in the 
treatment 
of nausea 
and 
vomiting 
of 
pregnanc
y.  
 
6 of 24 
studies 
excluded 
as 
interventi
on not 
ginger. 
 

Pakistan 
(n=1), 
Thailand 
(n=5), 
Denmark 
(n=1), 
Australia 
(n=2), 
USA (n=1) 
 

C. 
Rukh, 
2016 
(n=60) 
D. 
Jacks
on, 
2001 
(n=70) 
E. 
Fische
r-
Rasm
ussen, 
1991 
(n=30) 
F. 
Sripra
mote, 
2003 
(n=13
8) 
G. 
Pongr
ojpaw, 
2007 
(n=17
0) 
H. 
Ensiye
h, 
2009 
(n=70) 
I. 
Chittu
mma, 
2007 
(n=12
6)  
J. 
Smith, 
2004 
(n=29
1) 
K. 
Willets
, 2003 

n to Jan 
2019 

- Ginger 
essence (n=1) 
Dose: 0.125-
2.5 g/d  
- 1g/day (n=9) 
- <1g/d (n=5)  
- >1g/d (n=3)  
- NR (n=1) 
Frequency:  
- NR (n=12) 
- BD (n=1)  
- TID (n=4)  
- QID (n=1)  
Duration: 3-60 
days  
- 3 days (n=1) 
- 4 days 
(n=11) 
- 7 days (n=1)  
- 14-21 days 
(n=3)  
- 60 days 
(n=1) 

C; n=60 participants); no sig 
difference between ginger and 
antiemetic (metoclopramide) 
(n=1; study L; n=102 
participants) 

Nausea severity: 
• Sig lower in ginger vs. placebo 

(n=6, studies A,D,K-N; n=574 
participants) 

• Sig lower in ginger vs. control 
drink (n=1, study O; n=26 
participants) 

• Sig lower in ginger vs. anti-
emetic (vit B6) (n=2, studies 
H,I; n=196 participants);  ginger 
as effective as antiemetic (vit 
B6, doxyalamine, 
metoclopramide or pyridoxine) 
(n=6, studies B,F-H,J,L; n=834 
participants). 

Vomiting incidence: 
• Sig lower with ginger vs. 

placebo (n=5, studies 
A,D,L,M,R; n=426 participants), 
no sig difference between 
ginger and placebo (n=2, 
studies K,N; n=185 
participants) 

• Sig lower in ginger vs. control 
drink (n=1, study O; n=26 
participants) 

• Sig lower in ginger vs. anti-
emetic (vit B6) (n=1, study I; 
n=126 participants);  ginger as 
effective as antiemetic (vit B6, 
doxyalamine, metoclopramide 
or pyridoxine) (n=6, studies 
B,F-H,J,L; n=834 participants). 

Retching incidence: 
• Sig lower in ginger vs. placebo 

(n=2, studies K,Q; n=146 
participants). 

• Ginger as effective as 
antiemetic (vit B6) (n=1, study 
J; n=291 participants). 

 
ADVERSE EFFECTS: Not reported 
 

moderate 
NVD.  
The results 
suggested 
that ginger 
were more 
effective 
than vita- 
min B, but at 
the dose of 
35–500 mg 
ginger, 
vitamin B6 
and ginger 
had identical 
effect. 
However, 
over a 
longer 
treatment 
period (60 
days), 
vitamin B6 
was proved 
to be more 
effective 
than ginger. 
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(n=12
0) 
L. 
Moha
mmad
beigi, 
2011 
(n=10
2) 
M. 
Vutyav
anich, 
2001 
(n=67)
  
N. 
Basira
t, 2009 
(n=65) 
O. 
Keatin
g, 
2002 
(n=26)
  
P. 
Modar
es, 
2012 
(n=10
5) 
Q. 
Saberi
, 2014 
(n=12
0) 
R. 
Ozgoli
, 2009 
(n=67)
  

 
 
 

Macit et 
al., 2019 
(123) 
 
Aim: To 
examine 
the 

N studies: 
8/20 
eligible for 
inclusion 
Type 
studies:  

Written in 
English; 
human 
and animal 
studies; 
clinical, 
randomised 

A. 
Atash
ak, 
2014 
(n=32) 
B. 
Attari 

Databas
es: 
PubMed
, Web of 
Science, 
Lilacs, 
The 

N: 285  
Age: mean 
range 18-50 
years 
Gender: NR 
Health:  

Species: Z. 
officinale 
Type:  
- Dried ginger 
(n=2) 
- Zingiber 
officinale 

- Placebo 
(n=4) 
- Un-specified 
control (n=2) 
- No 
comparator 
(n=2) 

METABOLIC EFFECTS: 
WEIGHT MANAGEMENT 
BMI: 
• Sig decrease with ginger vs. 

control (n=1; study C; n=80 
participants) 

“The 
association 
of ginger 
with energy 
metabolism 
and obesity 
may have 

Yes – 
Down’
s and 
Black 
(Huma
n 

Criti
cally 
Low 
Qual
ity 
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effects of 
ginger 
(Zingiber 
officinale 
Roscoe) 
on energy 
metabolis
m and 
obesity. 
 
n=12/20 
papers 
ineligible 
as animal 
studies 
 

- n=6 
RCTs 
- n=2 
prospectiv
e 
Countries:  
- Japan 
(n=3) 
- Iran 
(n=3) 
- Denmark 
(n=1) 
  

controlled, 
cross-
sectional 
and 
prospective 
studies; Z. 
officinale 
 

2015 
(n=80) 
C. 
Attari 
2016 
(n=80) 
D. 
Grege
rsen, 
2013 
(n=44) 
E. 
Manso
ur 
2012 
(n=10) 
F. 
Miyam
oto, 
2015 
(n=23) 
G. 
Sugita 
2013 
(n=19) 
H. 
Sugita 
2014 
(n=19) 
 

Cochran
e Library 
Search 
Dates: 
Inceptio
n – Nov 
2018 

- Healthy adult 
humans (n=5) 
- Obese adult 
humans (n=3) 

unspecified 
(n=5) 
- Ginger 
unspecified 
(n=1) 
Route: oral 
Dose:   
- 1g/d (n=2) 
- 2g/d (n=3) 
- 20g/d (n=1) 
- 30 or 40 mg 
(n=2) 
Duration:  
single dose to 
12 weeks 
- Single dose 
(n=3) 
- 4 weeks 
(n=2) 
- 10 weeks 
(n=1) 
- 12 weeks 
(n=2) 
 
 

 

 

• No sig difference (n=2, studies 
A,H; n=51 participants) 

• Pooled Effect: Sig decrease 
with ginger vs. control (SMD: 
0.463; 95% CI: 1.33–4.02 to 
1.84; p=0.003; I2 = 9%, n=3 
studies, studies A,C,H; n=131 
participants).  

Body Weight: 
• Sig decrease with ginger vs. 

control (n=1, study B; n=80 
participants) 

• No sig difference (n=2; studies 
A,H; n=51 participants) 

Waist circumference:  
• Sig decrease with ginger vs. 

control (n=1, study B; n=80 
participants) 

Visceral fat tissue: 
• Sig decrease with ginger vs. 

control (n=2/2 studies; studies 
G,H; n=38 participants) 

Hunger/Appetite:  
• Sig decrease with ginger vs. 

control (n=1, study C; n=80 
participants), no sig differences 
(n=1, study D; n=44 
participants) 

Energy consumption:  
• No sig difference between 

ginger and control (n=2; studies 
C,D; n=124 participants) 

Thermogenesis:  
• No sig difference between 

ginger and control groups (n=1, 
study F; n=23 participants) 

 
ADVERSE EFFECTS: Not reported 
 

positive 
effects… 
Important 
effects of the 
ginger on 
energy 
metabolism 
and obesity 
were 
revealed in 
animal 
models. 
However, 
the 
mechanism 
of the effect 
in human 
studies is 
not clear. 
The 
conflicting 
outcomes of 
human 
studies 
evaluating 
the effect of 
ginger on 
body weight, 
thermogene
sis, and 
respiratory 
coefficient 
may be 
caused by; 
the 
difference in 
active 
ingredients, 
low dose 
administratio
n, 
differences 
in 
administratio
n period, 
variation in 
the highest 
dose that 

studie
s) 
SYRC
LE 
(anim
al 
studie
s). 
Result
s NR. 
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can be 
tolerated 
among 
studies.” 

Maharlou
ei et al., 
2018  
(124) 
 
Aim: to 
establish 
the effect 
of ginger 
suppleme
nt on 
weight 
lost, 
glycaemic 
control 
and lipid 
profiles 
among 
overweig
ht and 
obese 
subjects. 
 

N studies: 
13 
Type 
studies: 
RCTs 
Countries: 
NR 
 

Original 
human trials; 
ginger 
supplementa
tion vs. 
placebo;  
reported 
mean 
changes or 
mean 
difference of 
body 
composition 
and/or 
metabolic 
profiles with 
standard 
deviation 
(SD) for the 
intervention 
and control 
groups. 

A. 
Attari, 
2015 
(n=70) 
B. 
Attari, 
2016 
(n=70) 
C. 
Atash
aket, 
2011 
(n=16) 
D. 
Atash
aket, 
2012 
(n=16) 
E. 
Atash
aket, 
2014 
(n=16) 
F. 
Taghiz
adeh, 
2017 
(n=50) 
G. 
Banital
ebi, 
2017 
(n=22) 
H. 
Alizad
eh, 
2015* 
(n=20) 
I. 
Karimi
, 2015 
(n=20) 
J. 
Vahda

Databas
es: 
Cochran
e 
Library, 
Embase, 
Medline, 
Web of 
Science 
Search 
Dates: 
inceptio
n – Nov 
2017 

N:  473 (range 
16 to 70) 
Age: range 18- 
60 years 
Gender:   
- women only 
(n=9) 
- men only (n=3) 
- men and 
women (n=1) 
Health:  
- Obese (n=6, 
studies A-F) 
- Obese with 
cancer (n=2, 
studies H,I) 
- Obese with 
diabetes (n=1, 
study G) 
- Overweight 
(n=4, studies J-
M) 
 

Species: Z. 
officinale 
Type:  
- Ginger 
powder (n=12) 
- Ginger 
extract (n=1) 
Route: oral 
Dose:  
- 0.05g/d (n=1, 
study G) 
- 0.5g/d (n=1, 
study N) 
- 1g/d (n=4, 
studies D-F,H) 
- 2g/d (n=4, 
studies A-C,K) 
Duration:  2 – 
12 weeks 
- 2 weeks 
(n=1, study J) 
- 6 weeks 
(n=2, studies 
H,I) 
- 8 weeks 
(n=2, studies 
G,N) 
- 10 weeks 
(n=6, studies 
D-F,H,L,M) 
- 12 weeks 
(n=3, studies 
A-C) 

Placebo METABOLIC EFFECTS 
WEIGHT MANAGEMENT 
Body weight: 
• Sig lower with ginger vs. 

control (n=2; studies A,F; 
n=120 participants)  

• No sig difference between 
ginger and control (n=2, studies 
G,K; n=42 participants) 

• Pooled effect: Sig decrease 
with ginger vs.  placebo (SMD: 
-0.66; 95% CI: -1.31 – -0.01; 
p=0.04; I2 = 77%; n=4 studies, 
studies A,G,F,K; n=162 
participants). 

• Subgroup analysis: sig 
decrease with ≤1g/d, >1g/d 
had no sig effect 

Waist-to-hip ratio: 
• Sig lower with ginger vs. 

control (n=2; studies A,C; n=86 
participants)  

• No sig difference between 
ginger and control (n=2, studies 
G,M; n=67 participants) 

• Pooled effect: Sig decrease 
with ginger vs.  placebo (SMD: 
-0.49; 95% CI: -0.82 – -0.17; 
p=0.003; I2 = 0; n=4 studies,  
studies A,C,G,M; n=162 
participants). 

Hip Ratio: 
• Sig lower with ginger vs. 

control (n=1; study A; n=70 
participants)  

• No sig difference between 
ginger and control (n=2, studies 
G,M; n=67 participants) 

• Pooled effect: Sig decrease 
with ginger vs.  placebo (SMD: 
-0.42; 95% CI: 0.77 – -0.08; 
p=0.01; I2 = 0; n=3 studies, 
studies A,G,M; n=137 
participants). 

“Overall, the 
current 
meta-
analysis 
demonstrate
d that ginger 
intake 
reduced 
weight, 
WHR, HR, 
fasting 
glucose and 
HOMAIR, 
and 
increased 
HDL-
cholesterol, 
but did not 
affect 
insulin, BMI, 
triglycerides, 
total- and 
LDL-
cholesterol 
levels. 
Additional 
prospective 
studies 
investigating 
the effect of 
ginger 
supplementa
tion on 
weight, BMI, 
body fat loss 
and 
metabolic 
profiles are 
necessary.” 

Yes – 
Cochr
ane. 
Mostly 
low 
risk of 
bias. 

Low 
Qual
ity 
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t Poor, 
2016 
(n=22) 
K. 
Afzalp
our, 
2017 
(n=20) 
L. 
Afzalp
our, 
2016 
(n=16) 
M. 
Lopez, 
2013 
(n=45) 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 

BMI: 
• Sig lower with ginger vs. 

control (n=1; studies A,F; 
n=120 participants)  

• No sig difference between 
groups (n=, studies G,K; n=42 
participants) 

• Pooled effect: Sig decrease 
with ginger vs.  placebo (SMD: 
-0.65; 95% CI: -1.36 – 0.06; 
p=0.005; I2 = 77%; n=4 studies, 
studies A,G,F,K; n=162 
participants). 

• Subgroup analysis: sig 
decrease with ≤1g/d, >1g/d 
had no sig effect 

• Subgroup analysis: sig 
decrease with ≤8 weeks 
duration, >8 weeks had no sig 
effect 
 

GLYCAEMIC CONTROL 
Blood glucose levels (fasting 
(studies G) or unspecified 
(studies A,E,F,H,): 
• Sig lower with ginger vs. 

placebo (n=2, studies G,H; 
n=42 participants) 

• No sig differences (n=3, studies 
A,E,F; n=136 participants). 

• Pooled effect: Sig decrease 
with ginger vs. placebo (SMD: -
0.68; 95% CI: -1.23 – -0.05; 
p=<0.0001; I2 = 78%; n=6 
studies, A,E,F,G,H,M; n=223 
participants).  

• Subgroup analysis: sig 
decrease with ≤1g/d, >1g/d 
had no sig effect 

Insulin resistance (HOMA-IR 
(studies A,E,F), QUICKI (studies 
E,) or unspecified (studies G,H): 
• Sig lower with ginger vs. 

placebo (n=4, studies A,F,G,H; 
n=162 participants) 

• No sig differences (n=1, study 
E; n=16 participants). 
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• Pooled effect: Sig decrease 
with ginger vs. placebo (SMD: -
1.67; 95% CI: -2.86 – -0.48; 
p=0.006; I2 = 86%; n=5 studies, 
studies A,E,F,G,H; n=178 
participants). 

• Subgroup analysis: sig 
decrease with ≤1g/d, >1g/d 
had no sig effect 

• Subgroup analysis: sig 
decrease with ≤8 weeks 
duration, >8 weeks had no sig 
effect 

• Subgroup analysis: sig 
decrease in obese or 
overweight patients, no sig 
effect in those with obesity and 
other diseases. 

Insulin levels: 
• Sig lower with ginger vs. 

placebo (n=4, studies A,F,G,H; 
n=162 participants) 

• No sig differences (n=1, study 
E; n=16 participants). 

• Pooled effect: No sig difference 
between ginger and placebo 
(SMD: -0.54; 95% CI: -1.43 - 
0.35; p=0.23; I2 = 86%; n=5 
studies, studies A,E,F,G,H; 
n=178 participants). 

• Subgroup analysis: Sig 
decrease with >1g/d (SMD: -
1.25; 95%CI: -2.21 -  -0.28; 
I2=87%), ≤1g/d had no sig 
effect 

• Subgroup analysis: sig 
decrease with >8 weeks 
duration (SMD: -0.81; 95%CI: -
1.34 -  -0.29; I2=91%), ≤8 
weeks had no sig effect 

• Subgroup analysis: Sig 
decrease in males (SMD: -
1.57; 95%CI: -2.71 -  -0.43; 
I2=87%), no effect in females 

 
BLOOD LIPIDS 
Triglycerides: 
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• Sig lower with ginger vs. 
placebo/control (n=3, studies 
A,F,I; n=136 participants); no 
sig differences (n=1, study I; 
n=20 participants). 

• Pooled effect: No sig difference 
between ginger and placebo 
(SMD: -0.27; 95% CI: -0.71-
0.18; p=0.24; I2 = 41%; n=4 
studies, studies A,E,F,I; n= 156 
participants). 

LDL-Cholesterol: 
• Sig lower with ginger vs. 

placebo/control (n=3, studies 
A,F,I; n=136 participants); no 
sig differences (n=1, study I; 
n=20 participants). 

• Pooled effect: No sig difference 
between ginger and placebo 
(SMD: -0.13; 95% CI: -0.51-
0.24; p=0.48; I2 = 33%; n=5 
studies, studies A,E,F,I; n= 156 
participants). 

HDL-Cholesterol: 
• Sig higher with ginger vs. 

placebo/control (n=3, studies 
A,F,I; n=136 participants); no 
sig differences (n=1, study I; 
n=20 participants). 

• Pooled effect: Sig increase 
with ginger vs. placebo (SMD: 
0.40; 95% CI: 0.10 - 0.70; 
p=0.009; I2 = 41%; n=4 studies, 
studies A,E,F,I; n= 156 
participants). 

Total cholesterol: 
• Sig lower with ginger vs. 

placebo/control (n=3, studies 
A,F,I; n=136 participants); no 
sig differences (n=2, studies 
I,M; n=65 participants). 

• Pooled effect: No sig difference 
between ginger and placebo 
(SMD: -0.20; 95% CI: -0.58-
0.18; p=0.30; I2 = 0; n=5 
studies, studies A,E,F,I,M; 
n=201 participants). 
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ADVERSE EFFECTS: Not reported 
 

Marx et 
al., 2015 
(125) 
 
Aim: 
Effect of 
ginger, 
compared 
to 
placebo 
or 
baseline, 
on plate- 
let 
aggregati
on in 
multiple 
participan
t 
populatio
ns 

N studies: 
10 (n=8 
RCTs) 
Type 
studies: 
RCTs 
(n=8), 
observatio
nal (n=2) 
Countries: 
India, 
Netherlan
ds, 
Australia, 
UK, 
Denmark, 
Taiwan 

Written in 
English; 
intervention 
of ginger (Z. 
officinale)pre
paration or 
isolated 
ginger 
compound; 
measures of 
platelet 
aggregation 
as primary 
outcome 

A. 
Bordia
, 
1997a 
(n=60) 
B. 
Bordia
, 
1997b 
(n=20) 
C. 
Janss
en, 
1996 
(n=72) 
D. 
Jiang, 
2005 
(n=12) 
E. 
Lumb, 
1994 
(n=8) 
F. 
Srivast
ava, 
1989 
(n=7) 
G. 
Verma
, 1993 
(n=20) 
H. 
Young
, 2006 
(n=20) 
I. 
Shala
nsky, 
2007 
(n=17
1) 
J. 
Leung, 
2009 

Databas
es:  
MEDLIN
E, 
CiNAHL, 
Embase, 
and 
Cochran
e Library 
Search 
Dates:  
Inceptio
n to May 
2014 

N: 650 
Age: NR 
Gender: men 
and women 
(n=4), men 
(n=3), women 
(n=1) 
Health:  
- Myocardial 
infarction (n=2, 
studies A,B)  
- Healthy 
volunteers (n=5, 
studies 
C,D,E,F,G) 
- Healthy and 
hypertensive 
volunteers (n=1, 
study H) 
- Participants 
prescribed 
warfarin (n=2) 

Species: Z. 
officinale 
Type:  
- 
unstandardise
d capsules 
(n=6,studies 
A,B,D,E,G) 
- cooked/raw 
(n=2, studies 
C,F) 
Route: oral 
Dose:  
Capsules: 1-
10g/d 
- 1g/d (n=1, 
study H) 
- 2g/d 
(4x500mg) 
(n=1, study E) 
- 3.6g/d 
(3x0.4g) (n=1, 
study D) 
- 4g/d (n=1, 
study A) 
- 5g/d 
(4x625mg) 
with food (n=1, 
study G) 
- 10g (n=1, 
study B) 
Raw: 5-15g/d 
- 5g raw (n=1, 
study F) 
- 15g raw & 
40g cooked 
with custard 
(n=1, study C) 
Frequency:  
- NR (n=3, 
studies A,F,H) 
- one time 
(n=2) 
- OD (n=3, 
studies C,E) 

- Placebo 
(n=5, studies 
A,B,C,E,G) 
- NR (n=3, 
studies D,) 
- Baseline 
(n=2, studies 
F,H) 
 
 

METABOLIC EFFECTS 
BLOOD CLOTTING 
Platelet Aggregation: 
Platelet aggregation agonists: 
• Adenosine diphosphate: sig 

greater reduction with ginger 
vs. placebo (n=2, studies B,G; 
n=40 participants); no 
difference between ginger and 
placebo/control (n=3, studies 
A,E,H; n=88 participants) 

• Epinephrine: sig greater 
reduction with ginger vs. 
placebo (n=2, studies B,G; 
n=40 participants); no 
difference between ginger and 
placebo/control (n=2; studies 
A,H; n=80 participants) 

• Arachidonic acid: no difference 
between ginger and unspecified 
control (n=2, studies D,E; n=20 
participants) 

• Collagen: no difference 
between ginger and 
placebo/control (n=2, studies 
E,H; n=28 participants) 

• Ristocetin: no difference 
between ginger and unspecified 
control (n=1, study E; n=8 
participants) 

Platelet count:  
• No association between ginger 

and placebo (n=1) 
Fibrinogen:  
• No association between ginger 

and placebo  (n=2, studies A,B; 
n=80 participants) 

Fibrinolytic activity:  
• No association between ginger 

and placebo (n=2, studies A,B; 
n=80 participants) 

Thromboxane B2 production:  
• Sig greater inhibition of 

production vs. control (n=1, 

Due to the 
potential 
effects of 
ginger on 
platelet 
aggregation, 
ginger is a 
commonly-
cited 
example of 
an herbal 
supplement 
that should 
be avoided 
in patients 
with 
thrombocyto
penia, 
platelet 
function 
defects or 
coagulopath
y, such as 
populations 
using ginger 
for its 
antiemetic 
effect in 
cancer 
chemothera
py. While in 
vitro data, as 
well as 
some clinical 
studies and 
epidemiologi
cal evidence 
suggest that 
ginger 
inhibits 
platelet 
aggregation, 
the evidence 
is equivocal 
with multiple 

Yes – 
NHMR
C 
Hierar
chy of 
Evide
nce 
guideli
nes. 
Most 
low 
ROB 

Mod
erat
e 
Qual
ity 
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- BD (n=1, 
study G) 
- TID (n=1, 
study D) 
Duration: 1 
day – 3 
months  
- 1 day (n=2, 
studies B,E) 
- 1 week (n=3, 
studies F,G,H) 
- 2 weeks 
(n=2, studies 
C,D) 
- 3 months 
(n=1, study A) 

study F; n=7 participants); no 
difference between ginger and 
placebo (n=1, study C; n=71 
participants)  

International Normalised Ratio:  
• No difference between ginger 

and unspecified control 
(n=1)/baseline(n=1) 

Plasma warfarin enantiomer 
protein binding & warfarin 
enantiomer concentrations:  
• No difference between ginger 

and unspecified control (n=1) 
Urinary S- 7-hydroxywarfarin:  
• No difference between ginger 

and unspecified control (n=1) 
Bleeding time:  
• No difference between ginger 

and placebo (n=1) 
Thromboelastography:  
• No difference between ginger 

and placebo (n=1) 
 
ADVERSE EFFECTS: 
Bleeding events:  
• Sig increased with ginger from 

baseline with patients 
prescribed warfarin (n=1, study 
I; n=171) 

 

limitations, 
particularly 
within the 
clinical data, 
which 
prevents 
firm 
recommend
ations being 
made. 
Limitations 
include the 
lack of 
standardisati
on of ginger 
preparations 
used, 
significant 
variations in 
dosage and 
time frame 
studied, and 
the high 
level of bias 
in the study 
designs 
used. 
Therefore, 
further 
research is 
needed to 
clearly 
define the 
safety, or 
otherwise, of 
ginger in 
patient 
population at 
increased 
risk of 
bleeding. 
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Mazidi et 
al., 2016 
(126) 
 
Aim: To 
undertake 
a 
systemati
c review 
and meta-
analysis 
of 
prospecti
ve 
studies to 
determine 
the effect 
of ginger 
suppleme
ntation on 
serum C-
reactive 
protein 
(CRP), 
lipid 
profile, 
and 
glycaemia
. 

N studies: 
9 
Type 
studies:  
RCTs  
Countries:  
- Iran 
(n=8) 
- USA 
(n=1) 

Controlled 
trial (parallel 
or 
crossover 
design); 
presentation 
of sufficient 
information 
on primary 
outcome at 
baseline and 
at the end of 
follow-up in 
each group 
or providing 
the net 
change 
values; 
ginger as 
intervention. 

A.  
Arablo
u, 
2014 
(n=63) 
B.  
Atash
ak, 
2011 
(n=16) 
C.  
Imani, 
2015 
(n=36) 
D.  
Manso
ur, 
2012 
(n=20) 
E.  
Shidfa
r, 
2015 
(n=45) 
F.  
Alizad
eh, 
2008 
(n=85) 
G.  
Mahluj
i, 2013 
(n=64) 
H.  
Mozaff
ari-
Khosr
avi, 
2014 
(n=81) 
I.  
Tabibi, 
2012 
(n=36) 
  
 
 

Databas
es: 
PubMed
-
MEDLIN
E, Web 
of 
Science, 
Cochran
e 
Databas
e, 
Google 
Scholar 
databas
es 
Search 
Dates:   
Inceptio
n – July 
2016 

N: 449 (range 
10-88) 
Age: mean 
range 24-58 
years 
Gender: NR 
Health:  
- T2DM (n=4, 
studies A,E,G,H) 
- Peritoneal 
dialysis (n=2, 
studies C,I) 
- Obese (≥BMI 
30 kg/m2) (n=1, 
study B) 
- Overweight 
(BMI 25-29.9 
kg/m2) (n=1, 
study D) 
- 
Hyperlipidaemia 
(n=1, study F) 

Species: NR 
Type: 
unspecified 
ginger 
supplement  
- Ginger 
powder (n=4, 
studies 
A,B,H,G) 
Route: oral 
Dose: 1-3g/d 
- 1g/d (n=3, 
studies B,C,I) 
- 1.6g/d (n=1, 
study A) 
- 2g/d (n=2, 
studies G,A) 
- 3g/d (n=3, 
studies E,H,F) 
Duration:  7 
weeks – 3 
months 
- 7 weeks 
(n=1, study F) 
- 10 weeks 
(n=3, studies 
B,C,I) 
- 2 months 
(n=2, studies 
G,H) 
- 3 months 
(n=2, studies 
A,E) 
- NR (n=1) 

Placebo METABOLIC EFFECTS 
GLYCAEMIC EFFECTS 
Fasting blood glucose levels: 
• Sig lower with ginger vs. 

placebo (n=6; studies A,C,E-H; 
n=377 participants) 

• No sig difference between 
ginger and placebo (n=3, 
studies B,D,I; n=72 
participants) 

• Pooled effect: Sig lower with 
ginger vs. placebo (WMD: -1.35 
mg/dl; 95% CI: -1.28 – -0.72; p 
NR; I2 = 9%; n studies NR).  

HbA1c: 
• Sig lower with ginger vs. 

placebo (n=3; studies A,E,G; 
n=172 participants) 

• Pooled effect: Sig lower with 
ginger vs. placebo (WMD: -
1.01; 95% CI: -2.04 – -0.58; I2 = 
12%; n=3 studies; n=172 
participants).  

 
BLOOD LIPIDS 
High density lipoprotein: 
• Sig higher with ginger vs. 

placebo/control (n=1, study F; 
n=85 participants); no sig 
differences between groups 
(n=3; studies A,F,G,I; n=163 
participants) 

• Pooled effect: Sig higher with 
ginger vs. placebo (WMD: 1.16 
mg/dl; 95% CI: 0.52 – 1.08; I2 = 
12%; N studies NR).  

Low density lipoprotein: 
• Sig lower with ginger vs. 

placebo/control (n=3; studies 
A,F,G; n=212 participants); no 
sig differences between groups 
(n=1; study I; n= 36 
participants) 

• Pooled effect: Sig lower with 
ginger vs. placebo (WMD: -1.33 
mg/L; 95% CI: -2.54 – -0.11; I2 

NR; n studies NR).  
Triglycerides: 

“This 
systematic 
review 
showed that 
ginger 
supplementa
tion can 
improve 
CRP level, 
glycaemia 
indexes, and 
lipid profile, 
which can 
be useful for 
the 
prevention 
and 
managemen
t of CVD. 
RCTs with a 
larger 
sample size 
and a longer 
follow-up 
period 
should be 
considered 
for future 
investigation
s to give an 
unequivocal 
answer as to 
whether 
ginger can 
reduce CRP 
and improve 
glycaemia 
indexes and 
lipid profile.” 

Yes – 
Cochr
ane. 
All low 
risk of 
bias.  

Mod
erat
e 
Qual
ity 
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• Sig lower with ginger vs. 
placebo/control (n=4; studies 
A,F,G,I; n=212 participants) 

• Pooled effect: Sig lower with 
ginger vs. placebo (WMD: -1.63 
mg/dl; 95% CI: -3.10 – -0.17; I2 

= 8%; n studies NR).  
 
OTHER EFFECTS 
ANTI-INFLAMMATORY EFFECTS 
CRP: 
• Sig decrease with ginger vs. 

placebo (n=, studies A,B,E; 
n=124 participants) 

• No sig differences (n=2; studies 
C,D; n=56 participants) 

• Pooled effect: Sig decrease 
with ginger vs. placebo (WMD: 
-0.84 mg/L; 95% CI: -1.38 – -
0.31; p NR; I2 = 56%; n=5 
studies, studies A-E). Changes 
independent of ginger dosage  

 
ADVERSE EFFECTS 
• None reported (n=9; n=449 

participants). 
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Morvaridz
adeh et 
al., 2020 
(127) 
 
Aim: to 
investigat
e the 
efficacy 
of ginger 
suppleme
ntation on 
inflammat
ion 
markers. 
 

N studies: 
16 
Type 
studies:  
RCTs  
Countries: 
Iran 
(n=15), 
India (n=1) 
 

Adults; non-
healthy; oral 
ginger; RCT; 
placebo as 
comparator 

A. 
Arablo
u 2014 
(n=63) 
B. 
Ayaz 
2012 
(n=80) 
C. 
Azimi 
2014 
(n=80) 
D. 
Azimi 
2016 
(n=80) 
E. 
Hashe
mi 
2019 
(n=80) 
F. 
Imani 
2015 
(n=36) 
G. 
Javid 
2019 
(n=42) 
H. 
Kulkar
ni 
2016 
(n=69) 
I. 
Mahluj
i 2013 
(n=64) 
J. 
Mazoff
ari-
Khors
avi 
2016 
(n=10
0) 
K. 
Naderi 

Databas
es: 
PubMed
/MEDLI
NE, 
EMBAS
E, 
Scopus, 
ISI Web 
of 
Science, 
and 
Cochran
e  
Search 
Dates:   
Inceptio
n – Jan 
2020 

N: 1010 
Age: mean 
range 32-59 
years 
Gender: NR 
Health:  
- T2DM (n=7, 
studies 
A,C,G,H,I,N,P) 
- overweight 
breast cancer 
(n=1, study B) 
- low back pain 
(n=1, study E) 
- peritoneal 
dialysis (n=2, 
studies F,O) 
- tuberculosis 
(n=1, study G) 
- Osteoarthritis 
(n=2, study J,K) 
- NAFLD (n=2, 
studies L,M) 
 

Species: Z. 
officinale 
Type: 
unspecified 
ginger  
Route: oral 
Dose:  
- 1g/d (n=3, 
studies F,K,O) 
- 1.5g/d (n=1, 
study L) 
- 1.6g/d (n=1, 
study A) 
- 2g/d (n=5, 
studies 
G,H,I,J,M,P) 
- 3g/d (n=5, 
studies 
B,C,D,G,N) 
- NR (N=1, 
study E) 
Frequency: 
- NR 
Duration:   
- 4 weeks 
(n=1, study G) 
- 6 weeks 
(n=2, studies 
B,E,H) 
- 8 weeks 
(n=5, studies 
C,D,G,I,J) 
- 10 weeks 
(n=3, studies 
F,O,P) 
- 12 weeks 
(n=5, studies 
A,K,L,M,N) 
 
 

Placebo ANTI-INFLAMMATORY EFFECTS 
CRP: 
• Sig lower with ginger vs. 

placebo (SMD: −5.11; 95% CI: 
−7.91 to −2.30; p=0.000; I2 = 
98.1%; n=4 studies, studies 
A,B,E,K; n=323 participants). 

• Remained significant with 
sensitivity analysis to remove 
outlier study thought to be sig 
contributor to I2 (I2 improved to 
68%) 

hs-CRP: 
• Sig lower with ginger vs. 

placebo (SMD: −0.88; 95% CI: 
−1.63 to −0.12; p=0.000; I2 = 
91%; n=7 studies, studies 
C,F,G,L,N,I,M; n=357 
participants). 

• Sig for diabetic patients vs. 
non-diabetic patients (SMD: 
−0.37, 95% CI: −0.73, −0.02, I2 
= 43.8%)  

• Sig for <10 weeks duration 
compared with >10 weeks 
duration (SMD: −0.46, 95% CI: 
−0.91, −0.01, I2 = 55.9%). 

• Sig for dose ≥ 2000 mg/day vs. 
<2000mg (SMD: −1.26, 95% 
CI: −2.32, −0.19, I = 93.6%)  

IL-6: 
• No sig difference between 

ginger and placebo (SMD: 
−0.45, 95% CI: −1.29, 0.38, I2 
= 89%; n=5 studies, studies 
B,E,G,I,O; n=302 participants)  

siCAM: 
• No sig difference between 

ginger and placebo (SMD: 
−0.05, 95% CI: −0.36, 0.26, I2 
= 00.0%; n=3 studies, studies 
D,F,P; n=161 participants)  

TNF-a: 
• Sig lower with ginger vs. 

placebo (SMD: −0.85, 95% CI: 
−1.48, −0.21, I2 = 89.4%; n=7 
studies, studies A,G,H,L,I,J,M; 
n=428 participants)  

“ Our meta-
analysis 
indicated a 
significant 
lowering-
effect of 
ginger 
supplementa
tion on 
circulating 
CRP, hs-
CRP, and 
TNF-α 
concentratio
n. However, 
these 
outcomes 
should be 
declared 
with caution 
due to the 
limited 
number of 
studies and 
the evidence 
of 
heterogeneit
y. Further 
large-scaled 
trials are 
encouraged 
to translate 
this 
biochemical 
impact into 
clinical 
advantages 
for patient 
care.” 
 

Yes – 
cochra
ne. 
Mostly 
low or 
unclea
r 
ROB. 

Low 
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2016 
(n=10
0) 
L. 
Rafie 
2020 
(n=46) 
M. 
Rahim
lou 
2016 
(n=44) 
N. 
Shidfa
r 2015 
(n=45) 
O. 
Tabibi 
2016 
(n=36) 
P. 
Zarez
adeh 
2018 
(n=45) 
 

 
ADVERSE EFFECTS: 
• Well tolerated and safe in all 

studies 
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Negi et 
al., 2021 
(128) 
 
Aim:  to 
examine 
the 
effectiven
ess of 
ginger for 
pain 
duration 
and its 
severity 
among 
women 
with 
primary 
dysmenor
rhea. 
 
 

N studies: 
8 
Type 
studies:  
RCT 
Countries: 
Iran 

RCTs; oral 
ginger vs. 
placebo or 
NSAIDs; 
primary 
dysmenorrh
ea; 
published 
2008 to 
2020; 
English. 

A. 
Rahna
ma 
2012 
(n=10
5) 
B. 
Shirva
ni 
2014 
(n=12
2) 
C. 
Ozgoli 
2008 
(n=10
0) 
D. 
Kashe
fi 2012 
(n=92) 
E. 
Abadi 
2020 
(n=21
0) 
F. 
Paknia
t 2019 
(n=20
0) 
G. 
Janebi 
2013 
(n=69) 
H. 
Rad 
2018 
(n=16
8) 

Databas
es: 
PubMed
, 
Embase, 
Ovid, 
ClinicalK
ey, 
Medline 
Search 
Dates: 
2008 - 
2020 

N: 1066 
Age: Mean NR 
18 years or older 
(n=7) 
15-18 years 
(N=1) 
Gender: 100% 
female 
Health: Women 
with primary 
dysmenorrhea 

Species: Z. 
officinale 
(n=1), 
unknown 
(n=7) 
Type: Ginger 
capsules 
Route: oral 
Dose:  
- 0.5g/d (n=1; 
study F) 
- 0.75g/d (n=2; 
studies D,G) 
- 0.8g/d (n=1; 
study H) 
- 1g/d (n=3; 
studies B,C,E) 
- 1.5g/d (n=1, 
study A) 
Frequency:  
- BD (n=1; 
study F) 
- TID (n=3; 
studies A,D,G) 
- QID (n=4; 
studies 
B,C,E,H) 
Duration:  
- 2 days (n=1; 
study H) 
- 3 days (n=4; 
studies 
C,E,F,G) 
- 4 days (n=1; 
study D) 
- 5 days (n=1; 
study A) 
- until pain 
resolved (n=1; 
study B) 

Placebo (n=5; 
studies A,D-G) 
 
NSAID (n=3; 
studies B,C,H; 
ibuprofen, 
mefenamic 
acid or 
novafen) 

ANALGESIC EFFECTS 
DYSMENORRHEA 
Menstrual pain severity: 
• Sig lower with ginger vs. 

placebo (MD: -2.67; 95% CI: 
3.51 to 1.84; p=0.0001; I2=86%; 
n=4 studies, studies A,D,F,G; 
n=368 participants). 

• As effective as NSAID (RR: 
1.15; 95% CI: 0.53 to 2.52; 
p=0.72; I2=77%; n= 2 studies, 
studies B,C; n=220 
participants). 

Menstrual pain duration: 
• No sig difference between 

ginger and placebo (MD: -2.22; 
95% CI: -7.62 to 3.18; p=0.42; 
I2=56%; n=2 studies, studies 
A,E; n=245 participants). 
 

ADVERSE EFFECTS 
• Minor side effects in very few 

participants (indigestion and 
headache) (n=3, studies 
A,E,G). 

 
 

“The finding 
in this study 
has verified 
the 
possibility of 
ginger 
efficacy in 
the 
treatment of 
primary 
dysmenorrh
ea, though 
no/small 
side effects 
have been 
identified 
and its use 
is 
associated 
with health 
benefits.” 

Yes – 
Cochr
ane. 
Most 
low or 
unclea
r 
ROB. 

Criti
cally 
Low 
Qual
ity 

Ozgoli et 
al., 2018 
(129) 
 
Aim:  to 
review 
and 
summariz

N studies: 
10 of 21 
studies 
eligible for 
inclusion 
Type 
studies:  

Clinical 
trials; NVP 
as outcome; 
conducted in 
Iran; Jadad 
score 3 or 
higher. 

A. 
Basira
t, 2009 
(n=65) 
B. 
Firouz
bakht, 
2014 

Databas
es: 
MedLib, 
Magiran, 
Iran 
Medex, 
SID, 
Scopus, 

N: 1059 (range 
65-159) 
Age: NR 
Gender: 100% 
female 
Health: Pregnant 
women 

Species: NR 
Type:  
- Ginger 
capsules (n=8; 
B-E,G-J) 
- Ginger 
biscuits (n=1; 
A) 

- Placebo 
(n=6; A-
C,E,H,J) 
- NR (n=4; 
D,F,G,I) 

ANTIEMETIC EFFECTS 
NAUSEA AND VOMITING OF 
PREGNANCY 
Overall incidence: 
• Sig greater reduction with 

ginger vs. placebo (n=6; A-
C,E,H,J; n=598 participants) 

“According 
to results of 
the review, 
most 
methods 
were 
effective in 
reducing the 

Yes- 
Jadad. 
Score 
3 
(n=3); 
4 
(n=5); 

Criti
cally 
Low 
Qual
ity 
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e the 
analysis 
of clinical 
trials in 
this 
context 
and to 
assess 
safety 
and 
efficacy 
of 
different 
methods 
for 
relieving 
NVP in 
Iran.  
 

- Non-RCT 
(n=8) 
- RCT 
(n=2) 
Countries: 
Iran 
 
11 of 21 
studies did 
not assess 
ginger. 

(n=12
0) 
C. 
Hossei
nkhani
, 2009 
(n=12
1) 
D. 
Javadi
, 2013 
(n=10
2) 
E. 
Modar
es, 
2012 
(n=10
5) 
F. 
Narenj
i, 2012 
(n=10
0) 
G. 
Narenj
i, 2013 
(n=10
0) 
H. 
Ozgoli
, 2009 
(n=67) 
I. 
Saberi
, 2013  
(n=15
9) 
J. 
Saberi
, 2014 
(n=12
0) 

 

PubMed 
Google 
Scholar 
Search 
Dates: 
2000 – 
2015 

- Ginger syrup 
(n=2; F,G) 
Route: oral 
Dose:  
- 0.25g/d (n=1; 
G) 
- 0.75g/d (n=2; 
I,J) 
- 1g/d (n=4; B-
D,H) 
- 1.5g/d (n=1; 
A) 
- 4 tsp syrup 
(n=1; G) 
- 1 spoon 
syrup (n=1; F) 
- NR (n=E) 
Frequency:  
- BD (n=2; 
D,E) 
- QID (n=3; 
B,F,G) 
- NR (n=5) 
Duration:  
- 4 days (n=9; 
A-D,F-J) 
- 1 week (n=1; 
E) 
 

• Sig greater reduction with 
ginger vs. acupressure (n=1; I; 
n=159 participants) 

• Ginger as effective as vitamin 
B6 (n=3; B,D,F; n=322 
participants) 

• Ginger less effective than 
chamomile (n=1; E; n=105 
participants) 

 
ADVERSE EFFECTS 
• None (n=4; D,F,G,H; n=369 

participants) 
• Heartburn (n=4; A,B,J,I) 
• Stomache ache (n=1; B) 
• Dizziness (n=1; A) 
• Diarrhoea (n=1; E) 
• Vomiting (n=1; E) 
 
 

incidence of 
NVP, among 
which ginger 
and P6 
acupressure 
can be 
recommend
ed more 
confidently
… The 
recommend
ed dose of 
ginger in 
most studies 
is 250 mg 
every 4 h 
and the side 
effects of 
this herb are 
unknown 
although it 
may cause 
heartburn, 
diarrhea, 
and 
fibrinolysis.” 

5 
(n=2) 
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Pattanittu
m et al., 
2016 (130) 
 
Aim: to 
assess 
the 
efficacy 
of dietary 
suppleme
nts on 
dysmenor
rhea. 

N studies: 
4/27 
eligible for 
inclusion 
(n=5 
comparato
r groups) 
Type 
studies: 
RCTs  
Countries:  
Iran 
 
23/27 
studies not 
eligible for 
inclusion 
as did not 
assess 
ginger. 

RCTs of 
dietary 
supplements 
for moderate 
or severe 
primary or 
secondary 
dysmenorrh
oea. 

A. 
Jenabi
, 2013 
(n=70) 
B. 
Rahna
ma 
2010 
(n=78) 
C. 
Rahna
ma 
2012 
(n=11
8) 
D. 
Kashe
fi, 
2014 
(n=15
0) 

Databas
es: 
CENTR
AL; Ovid 
MEDLIN
E; 
EMBAS
E; 
PsycINF
O; 
AMED; 
and trial 
registrie
s 
Search 
Dates: 
inceptio
n - 
March 
2015 

N: 416 
Age: mean age 
17–21.5 years 
Gender: Women 
Health:  
Moderate or 
severe primary 
dysmenorrhea 

Species: Z. 
officinale 
Type: powder 
capsule 
Route: oral 
Dose:  0.5-
0.75g/d 
- 0.5g/d (n=2, 
studies A,C) 
- 0.75g/d (n=1, 
study D) 
- 1.5g/d (n=1, 
study B) 
Frequency:  
- TID (n=3, 
studies B,C,D) 
- NR (n=1) 
Duration: 
- 3 days (n=2, 
studies A,B, 
from start of 
menstruation) 
- 4 days (n=1, 
study D, from 
day before 
menstruation) 
- 5 days (=1, 
study C, from 
2 days before 
menstruation) 

- Placebo 
(n=4, studies 
A-D) 
- Zinc 
Sulphate (n=1, 
study D) 
 

ANALGESIC EFFECTS 
DYSMENORRHEA 
Menstrual pain severity: 
• Sig lower with ginger vs. 

placebo (n=4, studies A-D; n= 
participants). 

• No sig difference between 
ginger and zinc sulfate (n=1, 
study D). 

• Pooled effect: Sig less with 
ginger vs. placebo (MD: -1.55, 
95% CI: -2.43 - -0.68; P=NR; 
n=3 studies, n=266 
participants; GRADE: low). 

 
ADVERSE EFFECTS: 
• No sig difference between 

ginger and placebo (n=3, 
studies A,C,D; n= participants). 

• Pooled effect: (OR: 0.96, 95% 
CI: 0.13-7.09; P=0.09; n=3 
studies; n=3 interventions; 
I2=78%; n=279 participants; 
GRADE level: low). 

“There is no 
high-quality 
evidence to 
support the 
effectivenes
s of any 
dietary 
supplement 
for 
dysmenorrh
oea, and 
evidence of 
safety is 
lacking. 
However for 
several 
supplements 
there was 
some low. 
quality 
evidence of 
effectivenes
s and more 
research is 
justified. 
Supplement
s for which 
there was 
some very 
limited 
evidence to 
suggest a 
potential 
benefit of  
ginger.” 

Yes – 
Cochr
ance. 
Most 
low or 
unclea
r ROB 

Mod
erat
e 
Qual
ity 

Rajabzad
eh et al., 
2018 (131) 
 
Aim: to 
identify 
the 
efficacy 
and 
safety of 
herbs 
with ‘hot 
temperam

N studies:  
2/18 
studies 
eligible for 
inclusion 
(n=3 
interventio
n groups) 
Type 
studies:  
RCTs 
Countries:  
Iran 

Women of 
reproductive 
age with 
primary 
dysmenorrh
ea; herbs 
with ‘hot 
temperamen
t’ 

A. 
Ozgoli
, 2009 
(n=15
0) 
B. 
Khaya
t, 2014 
(n=70)  

Databas
es: 
Scopus, 
Pub 
med, 
Web of 
science, 
EMBAS
E, 
Chinese 
scientific 
journal 

N: 220 
Age: 
reproductive age 
Gender:  100% 
female  
Health:  
- Primary 
dysmenorrhea 
(n=1, study A) 
- Premenstrual 
syndrome (n=1, 
study B) 
 

Species: NR 
Type:  
- Ginger root 
powder 
capsules 
Route: oral 
Dose:  
- 0.5g/d (n=1, 
study B) 
- 1g/d (n=1; 
study A) 
Frequency: 

- Placebo 
(n=1, study B) 

 - Analgesic 
(Mefenamic 
Acid or 
ibuprofen) 
(n=1; study A) 

ANALGESIC EFFECTS 
DYSMENORRHEA 
Menstrual Pain severity: 
• Sig reduction with ginger from 

baseline or vs. placebo (n=2; 
studies A,B; n=220 
participants). 

• No sig differences between 
ginger or ibuprofen or 
mefenamic acid (n=1; study A; 
n=150 participants). 

Pre-menstrual syndrome score 
(PMS severity): 

“Most of 
studies 
showed that 
the effects of 
Ginger are 
higher than 
other herbs 
in the 
treatment of 
primary 
dysmenorrh
ea… Ginger 
may be a 

Yes – 
Jadad. 
Moder
ate to 
high 
quality
, 

Low 
Qual
ity 
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ent’ for 
primary 
dysmenor
rhea 
compared 
with 
placebo 
and other 
treatment
s. 

 
N=13/18 
studies did 
not assess 
ginger. 
3/18 
reviews or 
prevalenc
e of use 
studies 

databas
e 
Search 
Dates: 
Inceptio
n – 2017  

- BD (n=1; 
study B) 
- QID (n=1; 
study A) 
Duration:  
- 10 days, 3 
days pre- and 
7 days post-
onset of 
menstrual 
bleeding (n=1; 
study B) 
- 3 days, from 
the day of their 
menstrual 
period (n=1; 
study A) 

• Sig greater reduction with 
ginger vs. placebo (n=1, study 
B; n=70 participants). 

Severity of mood symptoms: 
• Sig greater reduction with 

ginger vs. placebo (n=1, study 
B; n=70 participants). 

Severity of physical symptoms: 
• Sig greater reduction with 

ginger vs. placebo (n=1, study 
B; n=70 participants). 

Severity of behavioural 
symptoms: 
• Sig greater reduction with 

ginger vs. placebo (n=1, study 
B; n=70 participants). 

Satisfaction with treatment: 
• No sig differences between 

ginger or ibuprofen or 
mefenamic acid (n=1; study B; 
n=15 participants). 

 
ADVERSE EFFECTS 
• None reported (n=2 studies; 

n=220 participants) 
 

real and 
safe therapy 
for pain 
relief in 
women with 
primary 
dysmenorrh
ea if 
administered 
during the 
days prior to 
menstruatio
n.” 

Toth et 
al., 2018 
(132) 
 
Aim:  To 
systemati
cally 
evaluate 
the 
efficacy 
of ginger 
on 
postopera
tive 
nausea 
and 
vomiting 
(PONV) 
compared 
to 
placebo, 

N studies: 
10 studies 
(n=12 
interventio
n groups) 
Type 
studies: 
RCTs 
Countries:  
- Thailand 
(n=4) 
- UK (n=2) 
- Australia 
(n=1) 
- India 
(n=1) 
Iran (n=1) 
- Germany 
(n=1) 
 

RCTs; 
pharmacolo
gical doses 
of ginger 
alone as 
intervention 
(Z. 
officinale). 

A. 
Monta
zeri, 
2013 
(n=16
0) 
B. 
Nale, 
2007 
(n=40) 
C. 
Apari
man, 
2006 
(n=60) 
D. 
Pongr
ojpaw, 
2006 
(n=12
0) 

Databas
es: 
Pubmed
, 
EMBAS
E, 
Cochran
e, Web 
of 
Science 
Search 
Dates: 
Inceptio
n to Feb 
2018 
 

N: 918 (range 
40-175) 
Age: NR 
Gender: 89% 
female 
Health:  
- Mixed 
surgeries (n=3) 
- Gynaecological 
surgery (n=7) 

Species: Z. 
officinale 
Type:  
- Ginger 
powder (n=8; 
A,C-E,G-J) 
- Fresh ginger 
(n=1; B) 
- Ginger 
extract (n=1; 
F) 
Route: Oral 
Dose:  
- 0.1g/d (n=1; 
F) 
- 0.2g/d (n=1; 
F) 
- 0.25g/d (n=1; 
B) 
- 0.5g/d (n=1; 
H) 

- Control not 
specified (n=2; 
D,I) 
  - Placebo 
(n=8) 
 

ANTIEMETIC EFFECTS 
POST-OPERATIVE NAUSEA AND 
VOMITING 
Overall incidence/severity: 
• Sig lower with ginger vs. 

control (n=6; A,B-E,I,J; n=420 
participants) 

• No sig difference between 
ginger and control (n=3; F-H; 
n=338 participants) 

Overall incidence: 
• Sig lower with ginger vs. 

control (n=6; B-E,I,J; n=420 
participants) 

• No sig difference between 
ginger and control (n=3; F-H; 
n=338 participants) 

Nausea incidence: 
• Meta-analysis: No sig 

difference between ginger and 
control (RR: -0.194; 95% CI: -
0.351 – 0.048; p=0.137, 

“Although 
ginger is 
safe and is 
generally 
better 
tolerated 
than syn- 
thetic 
medications 
for PONV, 
the scientific 
evidence 
supporting 
its use as a 
herbal 
medicine for 
the 
treatment of 
PONV is still 
limited. Our 
meta-
analysis 

Yes – 
Cochr
ane. 
Overal
l 
results 
NR. 

Low 
Qual
ity 
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based on 
RCTs. 

E. 
Chiam
chany
a, 
2003 
(n=80) 
F. 
Eberh
art, 
2003 
(n=17
5) 
G. 
Visaly
aputra
, 1998 
(n=55) 
H. 
Arfeen
, 1995 
(n=10
8) 
I. 
Phillip
s, 
1993 
(n=80) 
J. 
Bone, 
1990 
(n=40) 

- 1g/d (n=6; 
A,D,E,H-J) 
- 1.5g/d (n=1; 
C) 
- 2g/d (n=1; G) 
Frequency: 
- 1hr pre-
surgery (n=8; 
A-F,H,I) 
1.5 hr pre-
surgery (n=1; 
G) 
- 1 hr pre- and 
1hr post-
surgery (n=1; 
J) 
Duration:  
- 2 doses, 1 
pre- and 1 
post-surgery 
(n=1; J) 
- Single dose 
(n=9) 

I2=56%; n=9 studies, A,B,D-J; 
n=11 intervention groups; 
n=858 participants) 

Vomiting incidence: 
• Meta-analysis: No sig 

difference between ginger and 
control (RR: -0.151; 95% CI: -
0.492 – 0.104; p=0.203, 
I2=37%; n=7 studies, studies 
B,C,D,F,G,H,I; n=9 intervention 
groups; n=918 participants) 

Nausea severity: 
• Sig lower with ginger vs. 

control (n=6; A,C-E,I,J; n=540 
participants); no sig difference 
between ginger and control 
(n=1; H; n=108 participants) 

• Meta-analysis of VAS Scores: 
Sig lower with ginger vs. 
control (SMD: -0.455; 95% CI: -
0.455 – -0.040; p=0.019, I2=0; 
n=3 studies, A,D,E; n=3 
intervention groups; n=360 
participants) 

• Meta-analysis of VDS Scores: 
No sig difference between 
ginger and control (SMD: -
0.228; 95% CI: -0.575 – 
0.0119; p=0.197, I2=58%; n=4 
studies, G-J; n=5 intervention 
groups; n=283 participants) 

Rescue medication use: 
• Sig lower with ginger vs. 

control (n=3; D,E,I; n=280 
participants) 

• No sig difference between 
ginger and control (n=2; F,H; 
n=283 participants) 

• Meta-analysis: No sig 
difference between ginger and 
control (RR: -0.269; 95% CI: -
0.563 – 0.025; p=0.072, 
I2=20%; n=5 studies, D-F,H,I; 
n=7 intervention groups; n=563 
participants) 

 
ADVERSE EFFECTS 

supports 
that ginger 
decreases 
the severity 
of PONV, 
and 
suggests 
that at 
higher doses 
(≥1000 mg) 
it may also 
reduce the 
incidence of 
postoperativ
e nausea 
and 
vomiting, 
and thus the 
demand for 
a rescue 
antiemetic 
agent. 
According to 
literature 
data, higher 
doses of 
ginger 
perform 
better in 
lowering the 
incidence of 
PONV, but 
the ad- 
vantages of 
ginger use 
are most 
likely to be 
noticed upon 
the 
administratio
n of doses 
exceeding 
1000 mg.” 
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• None (n=3; A,B,D; 320 
participants) 

• Heartburn, diarrhoea, mouth 
irritation, itching, abdominal 
discomfort, insomnia, 
respiratory discomfort, and flu-
like symptoms (n=3; C,E,F) 

 
Wilson, 
2015 (133) 
 
Aim: to 
assess 
the 
evidence 
for ginger 
as an 
analgesic 
and 
ergogenic 
aid for 
exercise 
training 
and sport.  
 

N studies: 
8 
Type 
studies: 
RCTs  
Countries: 
NR 
 

Population:  
any 
Intervention: 
ginger 
administered 
alone (Z. 
officinale) 
Comparator: 
any 
Outcomes: 
exercise 
training and 
sport-related 
Study 
Design: 
RCTs 

A. 
Atash
ak, 
2011 
(n=32) 
B. 
Black 
2010a 
(n=27) 
C. 
Black 
2010b 
(n=34) 
D. 
Black 
2008 
(n=25) 
E. 
Mashh
adi 
2013 
(n=60) 
F. 
Matsu
mura, 
2015 
(n=20) 
G. 
Wilson
, 2015 
(n=20) 
H. 
Zehsa
z, 
2005 
(n=28) 

Databas
es:  
Pubmed 
Search 
Dates: 
inceptio
n – April 
2015 

N: 246 
Age:  mean 
range 21 – 32 
years 
Gender:  57% 
female  
Health:  
- Untrained 
(n=4; B-D,F) 
- Trained (n=1; 
G) 
- Obese (n=1; A) 
- Taekwondo 
Athletes (n=1; E) 
- Runners (n=1; 
H) 
 

Species: Z. 
officinale 
Type: Ginger 
root powder 
Route: oral 
Dose: 1 – 4g/d  
- 1g/d (n=1; A) 
- 1.5g/d (n=1; 
H) 
- 2g/d (n=4; B-
D,G) 
- 3g/d (n=1; E) 
- 4g/d (n=1; F) 
Duration: 5 
days – 6 
weeks 
-  Single dose, 
30 mins before 
30mins cycling 
at 60% 
VO2peak, 
quadriceps 
pain (n=1; D) 
- 24 hours, 
after elbow 
flexor 
exercises 
(n=1; C) 
- 5 days, 
starting 5 days 
before elbow 
flexor 
exercises 
(n=1; F) 
- 5 days, 
starting 3 days 
before day of 
20-22-mile 
training run 
(n=1; G) 

Placebo ANALGESIC EFFECTS 
POST-EXERCISE 
Exercise-induced muscle pain 
severity: 
• Sig reduction with ginger vs. 

placebo (n=3, B,E,G; n=107 
participants) 

• No sig differences between 
ginger and placebo (n=3; 
C,D,F; n=79 participants). 

Muscle function (squat jump from 
force plate; jump height, peak 
force, rate of force development): 
• No sig differences between 

ginger and placebo (n=1; G; 
n=20 participants). 

Perceived exertion: 
• No sig differences between 

ginger and placebo (n=2; B,D; 
n=52 participants). 

Heart rate: 
• No sig differences between 

ginger and placebo (n=1; D; 
n=25 participants). 

Oxygen uptake: 
• No sig differences between 

ginger and placebo (n=1; D; 
n=25 participants). 

Range of motion: 
• No sig differences between 

ginger and placebo (n=3; 
B,C,F; n=80 participants). 

Arm circumference: 
• No sig differences between 

ginger and placebo (n=3; 
B,C,F; n=80 participants). 

Time to recovery of elbow 1RM 
strength: 

“On the 
whole, 2 g/d 
of ginger 
taken for a 
week before 
and 3 days 
after 
eccentric 
resistance 
exercise 
may 
modestly 
reduce 
muscle pain. 
Likewise, 
ginger taken 
for 3 days 
before and 
the day after 
a prolonged 
run may 
modestly 
reduce pain 
during 
jogging. 
However, a 
single 
dosage of 2 
g of ginger 
does not 
substantially 
reduce 
muscle pain 
stemming 
from 
resistance or 
cardiorespir
atory 
exercise. No 
conclusions 

No Criti
cally 
Low 
Qual
ity 
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- 11 days, 
starting 7 days 
before the day 
of elbow flexor 
exercises 
(n=1; B) 
- 6 weeks, 
taekwondo 
athletes (n=1; 
E), runners 
(n=1; H) 
- 10 weeks, 
resistance 
training (n=1; 
A) 

• Sig lower with ginger vs. 
placebo (n=1; F; n=20 
participants). 

Metabolic Rate: 
• No sig differences between 

ginger and placebo (n=1; C; 
n=34 participants). 

Isometric force: 
• No sig differences between 

ginger and placebo (n=1; B; 
n=27 participants). 

Prostaglandin E2 (PGE2) levels: 
• No sig differences between 

ginger and placebo (n=1; B; 
n=27 participants). 

Fat mass: 
• No sig differences between 

ginger and placebo (n=1; A; 
n=32 participants). 

Lean mass: 
• No sig differences between 

ginger and placebo (n=1; A; 
n=32 participants). 

Tumour Necrosis Factor alpha: 
• Sig reduction with ginger vs. 

placebo (n=1; H; n=28 
participants). 

IL-6: 
• Sig reduction with ginger vs. 

placebo (n=1; H; n=28 
participants). 

IL-1B: 
• Sig reduction with ginger vs. 

placebo (n=1; H; n=28 
participants). 

Creatine Kinase (postexercise): 
• Sig greater with ginger vs. 

placebo (n=1; F; n=20 
participants). 

 
ADVERSE EFFECTS: Not reported 

can be 
drawn 
regarding 
the 
prolonged 
use of 
ginger (>2 
weeks) for 
pain 
managemen
t during 
chronic 
exercise 
training.” 
 
“Overall, the 
available 
research 
indicates no 
clear 
ergogenic 
benefit of 
ginger on 
oxygen use, 
heart rate, 
metabolic 
rate, body 
composition, 
isometric 
force 
generation, 
or perceived 
exertion. A 
single 
investigation 
suggests 
relatively 
high-dose 
ginger 
supplementa
tion (4 g/d) 
may 
accelerate 
recovery of 
upper body 
strength 
after 
eccentric 
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resistance 
exercise. In 
addition, 
chronic 
ginger 
supplementa
tion may 
reduce the 
inflammatory 
response to 
cardiorespir
atory 
exercise.” 
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Supplementary Table 4. Quality appraisal results of included systematic reviews using the AMSTAR-2 Tool. 

Citation Item 
1 

Item 
2 

Item 
3 

Item 
4 

Item 
5 

Item 
6 

Item 
7 

Item 
8 

Item 
9  

Item 
10 

Item 
11 

Item 
12 

Item 
13 

Item 
14 

Item 
15 

Item 
16 

Overall 
Rating 

Anh et al., 2020 (110) N N N N Y N N Y Y N N/A N/A Y Y N/A Y Low  
Attari et al., 2017 (111) Y N N N Y Y N N Y N N/A N/A Y N N/A Y Low  
Balbontin et al., 2019 (112) Y Y N N N N N N Y N N/A N/A Y N N/A Y Low  
Bartels et al., 2015 (113) Y Y N Y Y N N N Y N Y Y Y Y N Y Moderate 
Chen et al., 2020 (114) Y N N PY N Y N Y Y N Y Y Y Y Y N Moderate 
Crichton et al., 2019 (115) Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y High 
Daily et al., 2015 (116) Y N N Y Y Y N Y Y N Y N Y Y Y N Moderate  
Dilkothornsakul et al., (117) Y N N PY Y Y N Y Y N N/A N/A Y Y N/A Y Moderate 

Hasani et al., 2019 (118) Y Y N PY Y Y N PY Y N Y N N Y Y Y Low  
Hu  et al., 2020 (119) Y N Y N Y Y N PY Y N Y Y Y Y Y N Low 
Jafarnejad et al., 2017 (120) N N N N N Y N N Y N Y Y Y Y Y N Low  
Jalali et al., 2020 (121) Y N N N Y Y N Y Y N Y Y Y Y Y N Low 
Khorasani et al., 2020 (122) Y N N Y Y Y N N Y N N/A N/A N N N/A Y Low  
Macit et al., 2019 (123) Y Y N N Y Y N Y Y N Y N N Y N N Critically Low  
Maharlouei et al., 2018 (124) Y N N N Y Y N Y Y N Y Y Y Y Y Y Low  
Marx et al., 2015 (125) Y N Y PY Y N N Y Y N N/A N/A Y Y N/A Y Moderate  
Mazidi et al., 2016 (126) N Y N Y Y Y N Y Y N Y Y Y Y Y Y Moderate 

Morvaridzadeh et al., 2020 (127) Y N N PY Y Y N Y Y N Y N N Y N Y Low 

Negi et al., 2021 (128) Y N N N Y Y N Y Y N N N Y N N Y Critically Low 

Ozgoli et al., 2018 (129) 
 

Y N N N Y Y N Y Y N N/A N/A N N N/A Y Critically Low 

Pattanittum et al., 2016 (130) Y Y N Y Y Y Y Y Y N Y Y Y Y Y Y Moderate 

Rajabzadeh et al., 2018 (131) N N N PY N N N Y Y N N/A N/A N N N/A N Low 
Toth et al., 2018 (132) Y Y N Y Y Y Y Y Y N Y N Y Y Y Y Moderate 

Wilson, 2015 (133) N N N N N N N Y N N N/A N/A N Y N/A N Critically Low  

Y: yes; N: no; N/A: not applicable as no meta-analysis conducted. 
Item 1: Did the research questions and inclusion criteria for the review include the components of PICO?; Item 2: Did the report of the review contain an explicit statement that 
the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol?; Item 3: Did the review authors 
explain their selection of the study designs for inclusion in the review?; Item 4: Did the review authors use a comprehensive literature search strategy?; Item 5: Did the review 
authors perform study selection in duplicate?; Item 6: Did the review authors perform data extraction in duplicate?; Item 7: Did the review authors provide a list of excluded 
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studies and justify the exclusions?; Item 8: Did the review authors describe the included studies in adequate detail?; Item 9: Did the review authors use a satisfactory technique 
for assessing the risk of bias (RoB) in individual studies that were included in the review?; Item 10: Did the review authors report on the sources of funding for the studies included 
in the review?; Item 11: If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?; Item 12: If meta-analysis was 
performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis?; Item 13: Did the 
review authors account for RoB in individual studies when interpreting/discussing the results of the review?; Item 14: Did the review authors provide a satisfactory explanation 
for, and discussion of, any heterogeneity observed in the results of the review?; Item 15: If they performed quantitative synthesis did the review authors carry out an adequate 
investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?; Item 16: Did the review authors report any potential sources of 
conflict of interest, including any funding they received for conducting the review?.  
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Supplementary Table 5. Grading of Recommendations, Assessment, Development 

and Evaluation (GRADE) of meta-analyses examining the therapeutic effects of ginger. 

Certainty assessment 
Certainty № of 

studies 
Study 
design 

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations 

Dysmenorrhea pain severity (ginger vs. placebo)  

4  randomised 
trials  

not 
serious  

very serious b not serious  serious c,d strong association  ⨁⨁◯◯ 
LOW  

Dysmenorrhea pain severity (ginger vs. 
NSAID) 

    

4  randomised 
trials  

not 
serious  

very serious b not serious  serious c,d none ⨁◯◯◯ 
VERY LOW  

Dysmenorrhea pain duration  

2  randomised 
trials  

not 
serious  

serious e not serious  very 
serious c,d 

none  ⨁◯◯◯ 
VERY LOW  

Osteoarthritis pain severity 

5  randomised 
trials  

not 
serious  

not serious  not serious  not serious  none  ⨁⨁⨁⨁ 
HIGH  

Osteoarthritis pain-related disability 

4  randomised 
trials  

not 
serious  

not serious  not serious  not serious  none  ⨁⨁⨁⨁ 
HIGH  

Headache/migraine treatment response 

2  randomised 
trials  

not 
serious  

serious e not serious  very 
serious c,d 

none  ⨁◯◯◯ 
VERY LOW  

Systolic blood pressure 

6  randomised 
trials  

not 
serious  

serious e not serious  serious c,d strong association ⨁⨁◯◯ 
LOW  

Diastolic blood pressure 

6  randomised 
trials  

not 
serious  

serious e not serious  serious c,d none ⨁⨁◯◯ 
LOW  

Triglycerides 

7  randomised 
trials  

serious 
a 

very serious b not serious  serious b none ⨁◯◯◯ 
VERY LOW  

HDL-Cholesterol 

8  randomised 
trials  

serious 
a 

very serious b not serious  very 
serious d 

none ⨁◯◯◯ 
VERY LOW  

LDL-Cholesterol 

6  randomised 
trials  

serious 
a 

very serious b not serious  very 
serious d 

none ⨁◯◯◯ 
VERY LOW  

Total Cholesterol 

8  randomised 
trials  

serious 
a 

very serious b not serious  very 
serious d 

none ⨁◯◯◯ 
VERY LOW  
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Certainty assessment 
Certainty № of 

studies 
Study 
design 

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations 

Fasting blood glucose level 

7  randomised 
trials  

not 
serious  

very serious b not serious  serious d strong association ⨁⨁◯◯ 
LOW  

HbA1c 

3  randomised 
trials  

not 
serious  

not serious  not serious  very 
serious c,d 

strong association  ⨁⨁⨁◯ 
MODERATE  

Blood insulin levels 

5  randomised 
trials  

not 
serious  

very serious b not serious  very 
serious c,d 

none  ⨁◯◯◯ 
VERY LOW  

Insulin resistance 

5  randomised 
trials  

not 
serious  

very serious b not serious  serious c,d very strong 
association 

⨁⨁⨁◯ 
MODERATE  

Body weight 

4  randomised 
trials  

not 
serious  

very serious b not serious  serious c,d strong association  ⨁⨁◯◯ 
LOW  

BMI 

4  randomised 
trials  

not 
serious  

very serious b not serious  serious c,d strong association  ⨁⨁◯◯ 
LOW  

Waist-to-hip ratio 

4  randomised 
trials  

not 
serious  

not serious  not serious  serious c,d none  ⨁⨁⨁◯ 
MODERATE  

Hip circumference 

3  randomised 
trials  

not 
serious  

not serious  not serious  serious c,d none  ⨁⨁⨁◯ 
MODERATE  

Pregnancy nausea incidence 

5  randomised 
trials  

not 
serious  

not serious  not serious  serious c,d very strong 
association 

⨁⨁⨁⨁ 
HIGH  

Pregnancy nausea severity 

5  randomised 
trials  

not 
serious  

not serious  not serious  not serious  very strong 
association 

⨁⨁⨁⨁ 
HIGH  

Pregnancy vomiting incidence 

5  randomised 
trials  

not 
serious  

very serious b not serious  serious d none  ⨁⨁◯◯ 
LOW  

Post-operative nausea incidence 

11  randomised 
trials  

serious 
a 

serious e not serious  not serious none  ⨁⨁◯◯ 
LOW  

Post-operative nausea severity 

3  randomised 
trials  

serious 
a 

not serious  not serious  serious c none  ⨁⨁◯◯ 
LOW  

Post-operative vomiting incidence 
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Certainty assessment 
Certainty № of 

studies 
Study 
design 

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations 

9  randomised 
trials  

serious 
a 

not serious  not serious  not serious none  ⨁⨁⨁◯ 
MODERATE  

Post-operative demand for rescue anti-emetics 

7  randomised 
trials  

serious 
a 

not serious  not serious  not serious none  ⨁⨁⨁◯ 
MODERATE  

Overall CIN incidence 

9  randomised 
trials  

not 
serious  

serious e not serious  not serious none ⨁⨁⨁◯ 
MODERATE  

Acute CIN incidence 

6  randomised 
trials  

serious 
a 

serious e not serious  serious d none  ⨁◯◯◯ 
VERY LOW  

Delayed CIN incidence 

7  randomised 
trials  

not 
serious  

not serious  not serious  serious d none  ⨁⨁⨁◯ 
MODERATE  

Overall CIN severity 

5  randomised 
trials  

not 
serious  

very serious b not serious  not serious  none  ⨁⨁◯◯ 
LOW  

Acute CIN severity 

5  randomised 
trials  

not 
serious  

not serious  not serious  serious d none  ⨁⨁⨁◯ 
MODERATE  

Delayed CIN severity 

5  randomised 
trials  

not 
serious  

very serious b not serious  serious d none  ⨁◯◯◯ 
VERY LOW  

Overall CIV incidence 

9  randomised 
trials  

not 
serious  

serious e not serious  not serious  none ⨁⨁⨁◯ 
MODERATE  

Acute CIV incidence 

3  randomised 
trials  

not 
serious  

not serious  not serious  serious c none  ⨁⨁⨁◯ 
MODERATE  

Delayed CIV incidence 

7  randomised 
trials  

not 
serious  

very serious b not serious  not serious  none  ⨁⨁◯◯ 
LOW  

CINV-related QoL 

3  randomised 
trials  

not 
serious  

very serious b not serious  serious c none  ⨁◯◯◯ 
VERY LOW  

CINV-related fatigue 

2  randomised 
trials  

not 
serious  

not serious  not serious  serious c none  ⨁⨁⨁◯ 
MODERATE  

CRP 
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Certainty assessment 
Certainty № of 

studies 
Study 
design 

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations 

12  randomised 
trials  

not 
serious 

very serious b not serious  not serious  none ⨁⨁◯◯ 
LOW  

TNF-a 

7  randomised 
trials  

not 
serious 

very serious b not serious  not serious  none  ⨁⨁◯◯ 
LOW  

IL-6 

5  randomised 
trials  

not 
serious 

very serious b not serious  not serious  none  ⨁⨁◯◯ 
LOW  

SiCAM 

3  randomised 
trials  

not 
serious 

not serious  not serious  serious c none  ⨁⨁⨁◯ 
MODERATE  

PGE2 

4  randomised 
trials  

not 
serious  

not serious  not serious  serious c none  ⨁⨁⨁◯ 
MODERATE  

MDA 

7  randomised 
trials  

not 
serious 

very serious b not serious  serious c none  ⨁◯◯◯ 
VERY LOW 

TAC 

5  randomised 
trials  

not 
serious 

very serious b not serious  serious c none  ⨁◯◯◯ 
VERY LOW 

CI: Confidence interval 

Explanations 
a. Risk of bias found in some studies according to risk of bias tool  
b. There was high heterogeneity (I2 ≥75%)  
c. There was less than 400 participants suggesting lack of precision  
d. Wide 95% CIs were estimated  
e. There was moderate heterogeneity (I2 60-74%)  
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Supplementary Figure 1. Database Search Strategies 
 
Pubmed Database: 

 

(ginger[MeSH] OR ginger*[tiab] OR zingiber officinale*[tiab] OR “officinales, 

zingiber”[tiab]) AND (neoplasms[MeSH] OR “chemotherapy, adjuvant”[MeSH] OR 

“consolidation chemotherapy”[MeSH] OR “induction chemotherapy”[MeSH] OR 

“photochemotherapy”[MeSH] OR “maintenance chemotherapy”[MeSH] OR 

“chemotherapy, cancer, regional perfusion”[MeSH] OR “antineoplastic combined 

chemotherapy protocols”[MeSH] OR “electrochemotherapy”[MeSH] OR neoplas*[tiab] 

OR tumor*[tiab]  OR tumour*[tiab] OR malignanc*[tiab]  OR cancer*[tiab]  OR 

chemotherap*[tiab]  OR “antineoplastic combined chemotherapy regimens” [tiab]  OR 

antineoplastic chemotherapy protocol*[tiab] OR “chemotherapy protocol, 

antineoplastic” [tiab]  OR “protocol, antineoplastic chemotherapy” [tiab]  OR cancer 

chemotherapy protocol*[tiab] OR “protocol, cancer chemotherapy” [tiab]  OR “adjuvant 

chemotherapy” [tiab]  OR “consolidation chemotherapies” [tiab]  OR “chemotherapy, 

consolidation” [tiab]  OR “regional perfusion antineoplastic chemotherapy” [tiab]  OR 

“isolation perfusion cancer chemotherapy” [tiab]  OR “cancer chemotherapy, regional 

perfusion” [tiab]  OR “perfusion cancer chemotherapy, regional” [tiab]  OR “regional 

perfusion cancer chemotherapy” [tiab]  OR electrochemotherapies OR “chemotherapy, 

induction” [tiab]  OR “maintenance chemotherapies”[tiab]  OR 

photochemotherapies[tiab]  AND (nausea[MeSH] OR vomiting [MeSH] OR 

emetics[MeSH] OR Antiemetics[MeSH] OR emesis[tiab] OR emetogenic[tiab] OR 

emetogenicity[tiab] OR nausea[tiab] OR nauseous[tiab] OR vomit*[tiab] OR 

emetic*[tiab] OR regurgit*[tiab]) OR “chemotherapy induced nausea and vomiting” 

[tiab] OR “chemotherapy-induced nausea and vomiting” [tiab]  OR CINV[tiab] AND 

(Randomized controlled trial[pt] OR controlled clinical trial[pt] OR clinical study[pt] OR 

clinical trial[pt] OR comparative study[pt] OR randomized[tiab] OR randomised[tiab] 

OR placebo[tiab] OR OR randomly[tiab] OR trial[tiab] OR groups[tiab] OR “Single 

blind”[tiab] OR “Double blind”[tiab] OR intervention[tiab]) 
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Web of Science Database: 

 

((ginger OR ginger* OR "zingiber officinale*" OR "officinales, zingiber") AND 

(neoplasms OR "chemotherapy, adjuvant" OR "consolidation chemotherapy" OR 

"induction chemotherapy" OR photochemotherapy OR "maintenance chemotherapy" 

OR "chemotherapy, cancer, regional perfusion" OR "antineoplastic combined 

chemotherapy protocols" OR electrochemotherapy OR neoplas* OR tumor* OR 

tumour* OR malignanc* OR cancer* OR chemotherap* OR "antineoplastic combined 

chemotherapy regimens" OR "antineoplastic chemotherapy protocol*" OR 

"chemotherapy protocol, antineoplastic" OR "protocol, antineoplastic chemotherapy" 

OR "cancer chemotherapy protocol*" OR "protocol, cancer chemotherapy" OR 

"adjuvant chemotherapy" OR "consolidation chemotherapies" OR "chemotherapy, 

consolidation" OR "regional perfusion antineoplastic chemotherapy" OR "isolation 

perfusion cancer chemotherapy" OR "cancer chemotherapy, regional perfusion" OR 

"perfusion cancer chemotherapy, regional" OR "regional perfusion cancer 

chemotherapy" OR electrochemotherapies OR "chemotherapy, induction" OR 

"maintenance chemotherapies" OR photochemotherapies OR "chemotherapy 

induced nausea and vomiting" OR "chemotherapy-induced nausea and vomiting" OR 

CINV) AND (nausea OR vomiting OR emetics OR Antiemetics OR emesis OR 

emetogenic OR emetogenicity OR nausea OR nauseous OR vomit* OR emetic* OR 

regurgit*) AND ("Randomized controlled trial" OR "controlled clinical trial" OR "clinical 

study" OR "clinical trial" OR "comparative study" OR randomized OR randomised OR 

placebo OR randomly OR trial OR groups OR "Single blind" OR "Double blind" OR 

intervention)) 
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Embase Database: 

 

('ginger'/exp OR ginger*:ti,ab OR 'zingiber officinale*':ti,ab OR 'officinales, 

zingiber':ti,ab) AND ('neoplasms'/exp OR 'chemotherapy, adjuvant'/exp OR 

'consolidation chemotherapy'/exp OR 'induction chemotherapy'/exp OR 

'photochemotherapy'/exp OR 'maintenance chemotherapy'/exp OR 'chemotherapy, 

cancer, regional perfusion'/exp OR 'antineoplastic combined chemotherapy 

protocols'/exp OR 'electrochemotherapy'/exp OR neoplas*:ti,ab OR tumor*:ti,ab OR 

tumour*:ti,ab OR malignanc*:ti,ab OR cancer*:ti,ab OR chemotherap*:ti,ab OR 

'antineoplastic combined chemotherapy regimens':ti,ab OR 'antineoplastic 

chemotherapy protocol*':ti,ab OR 'chemotherapy protocol, antineoplastic':ti,ab OR 

'protocol, antineoplastic chemotherapy':ti,ab OR 'cancer chemotherapy protocol*':ti,ab 

OR 'protocol, cancer chemotherapy':ti,ab OR 'adjuvant chemotherapy':ti,ab OR 

'consolidation chemotherapies':ti,ab OR 'chemotherapy, consolidation':ti,ab OR 

'regional perfusion antineoplastic chemotherapy':ti,ab OR 'isolation perfusion cancer 

chemotherapy':ti,ab OR 'cancer chemotherapy, regional perfusion':ti,ab OR 'perfusion 

cancer chemotherapy, regional':ti,ab OR 'regional perfusion cancer 

chemotherapy':ti,ab OR electrochemotherapies OR 'chemotherapy, induction':ti,ab 

OR 'maintenance chemotherapies':ti,ab OR photochemotherapies:ti,ab OR 

'chemotherapy induced nausea and vomiting':ti,ab OR 'chemotherapy-induced 

nausea and vomiting':ti,ab OR cinv:ti,ab) AND ('nausea'/exp OR 'vomiting'/exp OR 

'emetics'/exp OR 'antiemetics'/exp OR emesis:ti,ab OR emetogenic:ti,ab OR 

emetogenicity:ti,ab OR nausea:ti,ab OR nauseous:ti,ab OR vomit*:ti,ab OR 

emetic*:ti,ab OR regurgit*:ti,ab) AND ('randomized controlled trial':it OR 'controlled 

clinical trial':it OR 'clinical study':it OR 'clinical trial':it OR 'comparative study':it OR 

randomized:ti,ab OR randomised:ti,ab OR placebo:ti,ab OR randomly:ti,ab OR 

trial:ti,ab OR groups:ti,ab OR 'single blind':ti,ab OR 'double blind':ti,ab OR 

intervention:ti,ab) 
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CINAHL Database: 

 

((((MH "ginger+") OR TI ginger* OR AB ginger* OR TI  

"zingiber officinale*" OR AB "zingiber officinale*" OR TI "officinales,  

zingiber" OR AB "officinales, zingiber") AND ((MH "neoplasms+") OR (MH  

"chemotherapy, adjuvant+") OR (MH "consolidation chemotherapy+") OR (MH  

"induction chemotherapy+") OR (MH "photochemotherapy+") OR (MH "maintenance 

chemotherapy+") OR (MH "chemotherapy, cancer, regional perfusion+") OR (MH 

"antineoplastic combined chemotherapy protocols+") OR (MH  

"electrochemotherapy+") OR TI neoplas* OR AB neoplas* OR TI tumor* OR AB  

tumor* OR TI tumour* OR AB tumour* OR TI malignanc* OR AB malignanc* OR TI 

cancer* OR AB cancer* OR TI chemotherap* OR AB chemotherap* OR TI  

"antineoplastic combined chemotherapy regimens" OR AB "antineoplastic  

combined chemotherapy regimens" OR TI "antineoplastic chemotherapy protocol*"  

OR AB "antineoplastic chemotherapy protocol*" OR TI "chemotherapy protocol,  

antineoplastic" OR AB "chemotherapy protocol, antineoplastic" OR TI  

"protocol, antineoplastic chemotherapy" OR AB "protocol, antineoplastic  

chemotherapy" OR TI "cancer chemotherapy protocol*" OR AB "cancer  

chemotherapy protocol*" OR TI "protocol, cancer chemotherapy" OR AB  

"protocol, cancer chemotherapy" OR TI "adjuvant chemotherapy" OR AB "adjuvant  

chemotherapy" OR TI "consolidation chemotherapies" OR AB "consolidation  

chemotherapies" OR TI "chemotherapy, consolidation" OR AB "chemotherapy,  

consolidation" OR TI "regional perfusion antineoplastic chemotherapy" OR AB  

"regional perfusion antineoplastic chemotherapy" OR TI "isolation perfusion  

cancer chemotherapy" OR AB "isolation perfusion cancer chemotherapy" OR TI  

"cancer chemotherapy, regional perfusion" OR AB "cancer chemotherapy,  

regional perfusion" OR TI "perfusion cancer chemotherapy, regional" OR AB  

"perfusion cancer chemotherapy, regional" OR TI "regional perfusion cancer  

chemotherapy" OR AB "regional perfusion cancer chemotherapy" OR  

electrochemotherapies OR TI "chemotherapy, induction" OR AB "chemotherapy,  

induction" OR TI "maintenance chemotherapies" OR AB "maintenance  

chemotherapies" OR TI photochemotherapies OR AB photochemotherapies OR TI  

"chemotherapy induced nausea and vomiting" OR AB "chemotherapy induced nausea  
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and vomiting" OR TI "chemotherapy-induced nausea and vomiting" OR AB  

"chemotherapy-induced nausea and vomiting" OR TI CINV OR AB CINV AND ((MH 

"nausea+") OR (MH "vomiting+") OR (MH "emetics+") OR (MH "Antiemetics+") OR TI 

emesis OR AB emesis OR TI emetogenic OR AB emetogenic OR TI emetogenicity 

OR AB emetogenicity OR TI nausea OR AB nausea OR TI nauseous OR AB nauseous 

OR TI vomit* OR AB vomit* OR TI emetic* OR AB emetic* OR TI regurgit* OR AB 

regurgit*))) 
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Cochrane Library Database: 

 

#1 MeSH descriptor: [Ginger] explode all trees 

#2 MeSH descriptor: [Neoplasms] explode all trees 

#3 (ginger*:ti,ab or "zingiber officinale*":ti,ab or "officinales, zingiber":ti,ab)  

#4 #1 or #3  

#5 (neoplas*:ti,ab or tumor*:ti,ab or tumour*:ti,ab or malignanc*:ti,ab or 

cancer*:ti,ab or chemotherap*:ti,ab or "antineoplastic combined chemotherapy 

regimens":ti,ab or "antineoplastic chemotherapy protocol*":ti,ab or "chemotherapy 

protocol, antineoplastic":ti,ab or "protocol, antineoplastic chemotherapy":ti,ab or 

"cancer chemotherapy protocol*":ti,ab or "protocol, cancer chemotherapy":ti,ab or 

"adjuvant chemotherapy":ti,ab or "consolidation chemotherapies":ti,ab or 

"chemotherapy, consolidation":ti,ab or "regional perfusion antineoplastic 

chemotherapy":ti,ab or "isolation perfusion cancer chemotherapy":ti,ab or "cancer 

chemotherapy, regional perfusion":ti,ab or "perfusion cancer chemotherapy, 

regional":ti,ab or "regional perfusion cancer chemotherapy":ti,ab or 

electrochemotherapies or "chemotherapy, induction":ti,ab or "maintenance 

chemotherapies":ti,ab or photochemotherapies:ti,ab or "chemotherapy induced 

nausea and vomiting":ti,ab or "chemotherapy-induced nausea and vomiting":ti,ab or 

CINV:ti,ab)  

#6 MeSH descriptor: [Chemotherapy, Adjuvant] explode all trees 

#7 MeSH descriptor: [Consolidation Chemotherapy] explode all trees 

#8 MeSH descriptor: [Induction Chemotherapy] explode all trees 

#9 MeSH descriptor: [Photochemotherapy] explode all trees 

#10 MeSH descriptor: [Maintenance Chemotherapy] explode all trees 

#11 MeSH descriptor: [Chemotherapy, Cancer, Regional Perfusion] explode all 

trees 

#12 MeSH descriptor: [Antineoplastic Combined Chemotherapy Protocols] explode 

all trees 

#13 MeSH descriptor: [Electrochemotherapy] explode all trees 

#14 #2 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13  

#15 MeSH descriptor: [Nausea] explode all trees 

#16 MeSH descriptor: [Vomiting] explode all trees 
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#17 MeSH descriptor: [Emetics] explode all trees 

#18 MeSH descriptor: [Antiemetics] explode all trees 

#19 (emesis:ti,ab or emetogenic:ti,ab or emetogenicity:ti,ab or nausea:ti,ab or 

nauseous:ti,ab or vomit*:ti,ab or emetic*:ti,ab or regurgit*:ti,ab)  

#20 #15 or #16 or #17 or #18 or #19  

#21 ("Randomized controlled trial":pt or "controlled clinical trial":pt or "clinical 

study":pt or "clinical trial":pt or "comparative study":pt or randomized:ti,ab or 

randomised:ti,ab or placebo:ti,ab or randomly:ti,ab or trial:ti,ab or groups:ti,ab or 

"Single blind":ti,ab or "Double blind":ti,ab or intervention:ti,ab)  

#22 #4 and #14 and #20 and #21 
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Online Supplementary Material 2: Non-significant meta-analyses forest plots 
examining the efficacy and safety of ginger for ameliorating chemotherapy-
induced nausea and vomiting 

 

Figure S4. Ginger supplementation of any dose or duration had no association with 

likelihood of overall nausea (OR: 0.84, 95% CI: 0.56-1.27; P=0.42; n=8 studies; n=9 

interventions; n=928 participants; I2=48%). 

 

Figure S5. Ginger supplementation of any dose or duration had no association with 

likelihood of overall nausea (OR: 0.97, 95% CI: 0.74-1.28; P=0.82; n=7 studies; n=8 

interventions; n=883 participants; I2=0%; GRADE level: moderate). Sensitivity 

analysis: studies with high risk of bias (>70% of Cochrane Risk of Bias domains rated 

as unclear or high risk of bias) deselected; sensitivity analysis according to dose 

(≤/>1g/day) or duration (≤/>3 days) did not result in significant findings. 
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Figure S6. Ginger supplementation of any dose or duration had no association with 

likelihood of overall nausea with subgroup analysis using the four categories outlined 

in the meta-analysis method of varied duration and dosage (OR: 0.85, 95% CI: 0.57-

1.27; P=0.51; n=7 studies; n=8 interventions; n=928 participants; I2=47%). 
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Figure S7. Ginger supplementation of any dose or duration had no association with 

likelihood of overall nausea with subgroup analysis using the four categories outlined 

in the meta-analysis method of varied duration and dosage (OR: 0.97, 95% CI: 0.74-

1.28; P=0.76; n=7 studies; n=8 interventions; n=883 participants; I2=0%). Sensitivity 

analysis: studies with high risk of bias (>70% of Cochrane Risk of Bias domains rated 

as unclear or high risk of bias) deselected. 
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Figure S8. Ginger supplementation of any dose or duration had no association with 

likelihood of acute nausea (OR: 0.81, 95% CI: 0.47-1.42; P=0.47; n=5 studies; n=6 

interventions; n=590 participants; I2=63%; GRADE level: very low). Sensitivity analysis 

according to dose (≤/>1g/day) or duration (≤/>3 days) did not result in significant 

findings.  

 

Figure S9. Ginger supplementation of any dose or duration had no association with 

likelihood of delayed nausea (OR: 0.92, 95% CI: 0.65-1.30; P=0.64; n=6 studies; n=7 

interventions; n=834 participants; I2=28%; GRADE level: moderate). Sensitivity 

analysis according to dose (≤/>1g/day) or duration (≤/>3 days) did not result in 

significant findings. 
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Figure S10. Ginger supplementation of any dose or duration had no association with 

overall nausea severity (SMD: -0.09, 95% CI: -0.56-0.38; P=0.71; n=4 studies; n=5 

interventions; n=438 participants; I2=83%). 

 

Figure S11. Ginger supplementation of any dose for any duration had no association 

with overall nausea severity (SMD: 0.18, 95% CI: -0.02-0.38; P=0.08; n=3 studies; n=4 

interventions; n=378 participants; I2=0%; GRADE level: low). Sensitivity analysis: 

studies with high risk of bias (>70% of Cochrane Risk of Bias domains rated as unclear 

or high risk of bias) deselected; sensitivity analysis according to dose (≤/>1g/day) or 

duration (≤/>3 days) did not result in significant findings. 

 

Figure S12. Ginger supplementation of any dose or duration had no association with 

acute nausea severity (SMD: -0.03, 95% CI: -0.22-0.16; P=0.76; n=4 studies; n=5 

interventions; n=438 participants; I2=0%). 
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Figure S13. Ginger supplementation of any dose or duration had no association with 

acute nausea severity (SMD: 0.03, 95% CI: -0.17-0.23; P=0.79; n=3 studies; n=4 

interventions; n=378 participants; I2=0%; GRADE level: low). Sensitivity analysis: 

studies with high risk of bias (>70% of Cochrane Risk of Bias domains rated as unclear 

or high risk of bias) deselected; sensitivity analysis according to dose (≤/>1g/day) or 

duration (≤/>3 days) did not result in significant findings.  

 

Figure S14. Ginger supplementation of any dose or duration had no association with 

delayed nausea severity (SMD: 0.02, 95% CI: -0.62-0.67; P=0.94; n=4 studies; n=5 

interventions; n=438 participants; I2=91%). 

 

Figure S15. Ginger supplementation of any dose or duration had no association with 

delayed nausea severity (SMD: 0.35, 95% CI: -0.07-0.77; P=0.10; n=3 studies; n=4 

interventions; n=378 participants; I2=75%; GRADE level: very low).  Sensitivity 

analysis: studies with high risk of bias (>70% of Cochrane Risk of Bias domains rated 

as unclear or high risk of bias) deselected. 
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Figure S16. Ginger supplementation of any dose or duration had no association with 

likelihood of overall vomiting (OR: 0.78, 95% CI: 0.44-1.36; P=0.38; n=8 studies; n=9 

interventions; n=825 participants; I2=66%; GRADE level: very low). 

 

 

Figure S17. Ginger supplementation of varying dose and duration had no association 

with likelihood of overall vomiting with subgroup analysis (OR: 0.78, 95% CI: 0.44-1.36; 

P=0.27; n=8 studies; n=9 interventions; n=825 participants; I2=66%). 
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Figure S18. Ginger supplementation of any dose or duration had no association with 

likelihood of acute vomiting (OR: 0.69, 95% CI: 0.38-1.24; P=0.22; n=6 studies; n=7 

interventions; n=671 participants; I2=57%; GRADE level: very low). 

 

Figure S19. Ginger supplementation of any dose or duration had no association with 

likelihood of delayed vomiting (OR: 0.83, 95% CI: 0.39-1.79; P=0.63; n=6 studies; n=7 

interventions; n=671 participants; I2=76%; GRADE level: very low). 
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Figure S20. Ginger supplementation of varying dose and duration had no association 

with likelihood of delayed vomiting with subgroup analysis (OR: 0.83, 95% CI: 0.39-

1.79; P=0.17; n=6 studies; n=7 interventions; n=671 participants; I2=76%).  

 

 

Figure S21. Ginger supplementation of any dose for any duration had no association 

with quality of life (SMD: 0.47, 95% CI: -0.07-1.01; P=0.09; n=3 studies; n=3 

interventions; I2=78%; n=279 participants; GRADE level: low). 
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Figure S22. Ginger supplementation of any dose for any duration had no association 

with likelihood of heartburn (OR: 1.88, 95% CI: 0.68-5.18; P=0.22; n=3 studies; n=3 

interventions; n=312 participants; I2=0%; GRADE level: low). 

 

Figure S23. Ginger supplementation of any dose for any duration had no association 

with likelihood of fatigue (OR: 0.45, 95% CI: 0.13-1.61; P=0.22; n=3 studies; n=4 

interventions; n=375 participants; I2=60%). 
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Online Supplementary Material 3: Cochrane Risk of Bias Assessment  

Table S1. Cochrane Risk of Bias assessment with justifications for included studies located in the updated search (n=13), examining 

the effect of ginger supplementation on chemotherapy-induced nausea and vomiting incidence and related outcomes. 

  Study Random sequence 
generation 
(selection bias) 

Allocation 
concealment 
(selection bias) 

Blinding of 
participants and 
personnel 
(performance bias) 

Blinding of outcome 
assessment (detection 
bias) 

Incomplete 
outcome data 
(attrition bias) 

Selective 
reporting 
(reporting 
bias) 

Other bias 

Rating 

Alparslan 
2012 

 Risk of bias: Unclear  Risk of bias: 
Unclear 

 Risk of bias: High  Risk of bias: High  Risk of bias: 
Unclear 

Low Low 

Evidence No mention of 
description of 
randomisation or how 
participants were 
allocated to each 
group. However, no 
difference between 
baseline 
characteristics 
(P>0.05). 

No description of 
how allocation was 
conducted. 

No attempt at blinding 
made (Intervention 
group received ginger 
tablet and no anti-
emetics, control 
group received anti-
emetics and no 
ginger) therefore 
outcomes likely to be 
influenced (more so 
nausea than vomiting 
incidence) and effect 
of intervention may 
have been 
overestimated.  

Vomiting incidence 
objective, however, 
nausea subjective and 
assessment completed 
by participants who were 
not blinded to the 
intervention or outcome, 
therefore likely to effect 
outcome and effect of 
intervention may have 
been overestimated. 

No raw data 
provided (tables 
missing from 
paper) therefore 
no indication of 
attrition. 

No study 
protocol 
identified, 
however, all 
pre-specified 
expected 
outcomes 
included in 
publication as 
intended.  

The study appears to be 
free of other sources of 
bias. 

Rating Arslan 2015  Risk of bias: High  Risk of bias: High  Risk of bias: High  Risk of bias: High  Risk of bias: 
Unclear 

 Risk of bias: 
Low 

 Risk of bias: Low 
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Evidence "No significant 
differences were 
seen between the 
intervention and 
control group 
(p>0.05)" however, 
the raw data was not 
reported and the 
patients were 
"randomized 
sequentially to the 
two groups (control 
and intervention); that 
is, the first patient 
was assigned to the 
control group and the 
next one to the 
intervention group." 
I.e. alternate 
allocation / quasi-
randomisation used 
which is predictable 
and likely to create 
differences between 
the groups. 

The patients were 
randomised 
sequentially to the 
two groups (control 
and intervention); 
that is, the first 
patient was 
assigned to the 
control group and 
the next one to the 
intervention group, 
therefore allocation 
concealment 
inadequate. 

No attempt at blinding 
made (Intervention 
group received ginger 
powder, control group 
received nothing) 
therefore outcomes 
likely to be influenced 
(more so nausea than 
vomiting incidence) 
and effect of 
intervention may have 
been overestimated.  

"The patient diary was 
given to the patients in 
the intervention and 
control groups, and they 
were asked to complete 
the diary four times a 
day at home". Vomitting 
incidence objective, 
however, nausea 
subjective  and 
assessment completed 
by participants who were 
not blinded to the 
intervention,  therefore 
likely to effect outcome 
and effect of intervention 
may have been 
overestimated. 

No mention of 
attrition or sample 
size per group. 

No study 
protocol 
identified, 
however, all 
pre-specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 

Rating  

Bossi 2017 

 Risk of bias: Low  Risk of bias: 
Unclear 

Risk of bias: Low  Risk of bias: Low Risk of bias: 
Unclear 

 Risk of bias: 
Low 

 Risk of bias: High 

Evidence "patients were 
randomly assigned, 
according to a pre-
defined computer 
generated list 
(RALLOC of 
STATA)." Baseline 
characteristics not 
statistically analysed, 
however appear 
similar suggesting 
randomisation 
executed 
successfully. 

No description of 
how allocation was 
conducted. 

"double-blind, 
placebo-controlled 
trial". Either ginger 
extract 40mg/capsule 
(provided by Helsinn) 
or matching placebo. 

"All patients received a 
patient diary" with 
questionnaires. As 
patients blinded to 
outcomes, unlikely to 
have influenced results.  

"39% participants 
withdrew 
prematurely" 
however "dropout 
rate did not differ 
between 
treatment groups 
(ginger: 42.4%; 
placebo 34.9%; 
P=0.22)." 
Intention to treat 
used but n=251 
before attrition, 
n=244 included in 
results. 

Study protocol 
identified and all 
pre-specified 
expected 
outcomes 
included in 
publication as 
intended.  

Some authors are paid 
or employed by funding 
company. 
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Rating 

Danwilai 
2017  

 Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: 
Low 

 Risk of bias: Low 

Evidence "participants were 
randomly assigned 
into two groups using 
a block of four 
randomization 
techniques. The 
study coordinator 
generated a 
randomization list to 
assign participants to 
receive either ginger 
extract (stan- 
dardized 6-gingerol) 
or placebo." 
Randomisation 
thought to be 
successfully 
executed given that 
there was "no 
difference between 
baseline 
characteristics 
(P>0.05)." 

No description of 
how allocation was 
conducted. 

"double-blind, 
placebo controlled 
trial". "The 
standardized 6-
gingerol and placebo 
capsules were placed 
into packages of 
similar color and 
size." 

"The investigators and 
participants were 
blinded to the 
randomization list and 
treatment assignments." 

14% attrition. 6 
withdrawn from 
ginger group, one 
from placebo, 
however, no 
statistical analysis 
done between 
groups however 
likely to be 
insignificant and 
not effect results.  

None detected The study appears to be 
free of other sources of 
bias. 

Rating 

Konmun 
2017 

Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low Risk of bias: Low  Risk of bias: 
Low 

Risk of bias: Low 

Evidence Particpants were 
"randomly assigned... 
utilizing a block four 
method for 
randomization." 
Randomisation 
thought to be 
successfully 
executed given that 
there were no 
differences between 
baseline 
characteristics 
reported. 

No description of 
how allocation was 
conducted. 

"double-blind, 
placebo-controlled 
trial" "placebo 
capsules … match 
the weight of the 6-
gingerol capsules" 

"patients were required 
to complete a daily 
diary … The diary 
included number of 
vomiting episodes, 
nausea score, appetite 
score, quality of life, use 
of rescue anti-emetic, 
and hospitalization." As 
patients blinded to 
outcomes well, unlikely 
to have influenced 
results. 

14% attrition. 
Withdrawal 
numbers and 
reasons similar 
between groups. 
Atrrition well 
documented. 

No study 
protocol 
identified, 
however, all 
pre-specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 
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Rating 

Li 2018 

 Risk of bias: Unclear Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: Low Risk of bias: 
Low 

 Risk of bias: Low 

Evidence  No mention of 
description of 
randomisation or how 
participants were 
allocated to each 
group. However, no 
difference between 
baseline 
characteristics 
(P>0.05). 

No description of 
how allocation was 
conducted. 

"double-blind, 
placebo-controlled 
clini- cal trial" "The 
placebo capsules 
were physically 
identical to the ginger 
capsules" 

Both participants and 
researchers blinded to 
outcomes. 

4% attrition. 
Reasons for this 
and numbers per 
group given. No 
intention to treat 
used however, 6 
drop outs unlikely 
to influence 
results.  

No study 
protocol 
identified, 
however, all 
pre-specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 

Rating 

Marx 2017 

 Risk of bias: Low Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: Low Risk of bias: 
Unclear 

 Risk of bias: Low 

Evidence  "randomly 
allocated… by an 
independent 
company using a 
computer-generated 
sequence." Baseline 
characteristics not 
statistically analysed, 
however appear 
similar suggesting 
randomisation 
executed 
successfully. 

"Eligible patients 
were randomly 
allocated to ginger 
or placebo capsules 
by an independent 
company using a 
computer-
generated 
sequence."  

"All staff members 
involved in 
recruitment and 
outcome assessment 
were blinded to the 
results of 
randomization." 
Placebo capsules 
same appearance 
and weight. Double-
enapsulated. 

Participants self-
completed 
questionnaires and 
blinded to outcomes.  

Intention to treat 
used (34/51 
completed all 
cycles, however, 
51 included in 
analysis). Attrition 
well documented. 

Results 
reported differ 
from those pre-
specified in 
study protocol, 
however, 
explanations 
provided in 
publication. 

The study appears to be 
free of other sources of 
bias. 

Rating 

Montazeri 
2013 

 Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: High  Risk of bias: 
Unclear 

 Risk of bias: Low 

Evidence "This study is a 
randomized, 
prospective, cross-
over double - blinded 
clinical trial," "This 
study was doing on 
the basis of the block 
randomization with 
the four block 
method."  

No description of 
how allocation was 
conducted. 

"Double-blind, 
placebo-controlled 
trial" "The shape, 
colour and fragrance 
of this powder were 
similar to ginger and 
both of them were 
provided by the same 
company." 

Both participants and 
researchers blinded to 
outcomes. 

32% attrition. 
13/44 unable to 
complete second 
cycle of study.  
Reasons for this 
given but dropouts 
per group not 
given. Unclear 
whether intention 
to treat used.  

 Unclear 
whether 
outcome data 
missing from 
analysis and 
whether this 
could have 
effect on 
results. 

The study appears to be 
free of other sources of 
bias. 
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Rating 

Muthia 2013 

 Risk of bias: Unclear  Risk of bias: 
Unclear 

 Risk of bias: High  Risk of bias: High  Risk of bias: 
Unclear 

 Risk of bias: 
Low 

 Risk of bias: Low 

Evidence No mention or 
description of 
randomisation or how 
participants were 
allocated to each 
group. No statistical 
analysis of baseline 
characteristics to 
determine whether 
sequence generation 
free from bias.   

No description of 
how allocation was 
conducted. 

No attempt at blinding 
made (Intervention 
group received ginger 
drink, control group 
did not) therefore 
outcome of vomiting 
and mainly nausea 
likely to be influenced 
and effect of 
intervention may have 
been overestimated.  

Rhodes Index for 
Nausea, Vomiting and 
Retching subjective and 
seeing as participants 
and researchers not 
blinded to treatment and 
outcomes, likely to 
influence results and 
effect of intervention 
may have been 
overestimated.  

No mention of 
attrition or sample 
size per group. 

No study 
protocol 
identified, 
however, all 
pre-specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 

Rating 

Sanaati 2016 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: High  Risk of bias: High  Risk of bias: High  Risk of bias: 
Low 

 Risk of bias: Low 

Evidence "randomly 
allocated …using the 
20 block random 
tables." 
Randomisation 
thought to be 
successfully 
executed given that 
there was no 
difference between 
baseline 
characteristics 
reported (P>0.05). 

Coding and blinding 
of the two groups 
were performed 
privately by the 
pharmacologist 
consultant. 

Control group given 
no intervention, 
treatment groups 
aware receiving 
intervention and only 
blinded to whether 
receiving ginger or 
chamomile capsules. 
Outcome likely to be 
influenced and effect 
of intervention may 
have been 
overestimated.  

"A self-made, two-part 
self- reporting 
instrument was used to 
measure the frequency 
and severity of nausea 
and vomiting". 
Frequency of vomitting 
objective, however, 
nausea 
frequency/severity and 
vomitting severity 
subjective outcomes 
likely to be influenced by 
the fact that participants 
were not blinded to 
receiving treatment/not 
and effect of intervention 
may have been 
overestimated.  

30% attrition. 13 
out of 43 
interrupted their 
participation 
(excluding 
chamomile 
group). Reasons 
given, however, 
no differentiation 
between groups 
and number of 
drop outs per 
group not given. 
No intention to 
treat used. 

Study Protocol 
pre-registered 
and all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 

Rating Shokri 2017  Risk of bias: Unclear  Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: 
Low 

 Risk of bias: Low 
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Evidence "The patients were 
divided into 2 random 
groups. They were 
then divided into 2 
homogeneous 
groups (using 
Randlist) based on 
their satisfaction to 
receive ginger in 
terms of the history of 
lack of neoplastic 
diseases in women, 
history of lack of 
chemotherapy and 
stage of cancer." 
Unclear whether 
those that were 
happy to receive and 
comply with ginger 
intervention more 
likely to be allocated 
that intervention. 
However, no 
statistically signficant 
differences between 
other baseline 
characteristcs . 

No description of 
how allocation was 
conducted. 

"Examiners and the 
patients were 
unaware of the coding 
and the real grouping 
was only specified 
after statistical 
analysis." Placebo 
used. 

No indication how 
nausea and vomitting 
outcome assessed. As 
participants and 
researchers blinded to 
intervention, unlikely to 
effect outcomes.  

No mention of 
attrition or sample 
size per group. 

Study Protocol 
pre-registered 
and all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 

Rating 

Thamlikitkul 
2017 

 Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: 
Low 

 Risk of bias: Low 

Evidence "subjects were 
randomly assigned in 
a 1:1 ratio from the 
stratified 
randomization table." 
Baseline 
characteristics not 
reported per group 
due to cross over 
design.  

No description of 
how allocation was 
conducted. 

"The placebo and 
ginger capsules and 
their packaging were 
physically identical. 
The investigators and 
subjects were blinded 
to the randomization 
list and treatment 
assignments." 

Participants filled out 
questionnaires and were 
blinded to outcome 
measures and 
intervention, therefore 
unlikely to effect 
outcomes. 

No attrition, all 
participants 
completed the 
study. 

Study Protocol 
pre-registered 
and all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 

Rating Yekta 2012  Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: 
Low 

 Risk of bias: Low 
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Evidence "The patients were 
randomly 
allocated…using the 
20 block random 
tables." No 
statistically signficant 
differences between 
baseline 
characteristcs 
suggesting 
randomisation 
executed 
successfully. 

No description of 
how allocation was 
conducted. 

"placebo capsules ... 
exactly the same size, 
shape, color, taste, 
and dosage as 
Zintoma capsules." 
"Coding and blinding 
of the 2 groups were 
performed privately 
by the pharmacologist 
consultant, and all of 
the samples, data 
analyzers, and all 
participants too, were 
unaware of the real 
content of the 
capsule" 

Participants used self-
reporting instruments to 
document outcomes and 
seeing as participants 
were blinded to 
intervention, unlikely to 
have effected results. 
Outcome of vomiting 
incidence objective 
rather than subjective. 

18% attrition 
relatively low, 
reasons given for 
this along with 
numbers per 
group. No 
intention to treat 
used however, 18 
drop outs unlikely 
to influence 
results.  

Study Protocol 
pre-registered 
and all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study appears to be 
free of other sources of 
bias. 



APPENDIX III: Chapter 5.2 Supplementary Materials 

528 
 

Table 2. Cochrane Risk of Bias assessment with justifications for included studies located in the researchers’ previous systematic 

review (n=5), examining the effect of ginger supplementation on chemotherapy-induced nausea and vomiting incidence and related 

outcomes. 

Rating 

Fahimi 2011 

 Risk of bias: Unclear  Risk of bias: Unclear  Risk of bias: Low  Risk of bias: Low  Risk of bias: 
Unclear 

 Risk of bias: 
Low 

 Risk of bias: 
Low 

Evidence Participants 
randomised, however, 
specific information on 
how this was carried 
out not given. Baseline 
characteristics not 
reported per group due 
to cross over design.  

"The monitoring 
investigator 
dispensed either 
active drug or 
placebo according to 
the randomization 
table." No 
information given as 
to  whether or not this 
was concealed. 

Placebo capsules were 
"identical". Participants 
were blinded to the 
intervention received 
also.  

Questionnaires given 
to particpant to 
complete, and seeing 
as patients blinded to 
intervention, unlikely to 
have effected results. 

28% attrrition. 
36/50 completed 
the study. 
Reasons given, 
however, did not 
specify which 
intervention they 
were undergoing 
when they 
discontinued 
therefore unsure 
whether relatable 
to the ginger 
intervention. 
Unclear whether 
intention to treat 
used. 

No study 
protocol 
identified, 
however, all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study 
appears to be 
free of other 
sources of bias. 

Rating 

Manusirivithaya 
2004 

 Risk of bias: Low  Risk of bias: Unclear  Risk of bias: Low  Risk of bias: Low  Risk of bias: Low   Risk of bias: 
Low 

 Risk of bias: 
Low 

Evidence Participants were 
"randomly assigned by 
block of four." Baseline 
characteristics not 
reported per group due 
to cross over design.  

No description of how 
allocation was 
conducted. 

Participants and 
research team blinded to 
intervention. "All of these 
capsules were identical 
in appearance, contour, 
size, and color." 

Scale of nausea 
severity self-reported. 
Both participants and 
researchers blinded to 
outcomes. 

10% attrition. 
Reasons not 
given, however 
numbers per 
regimen given and 
same for each 
group. Intention to 
treat not used (48 
recruited, 43 only 
included in data 
analysis), 
however, not likely 
to effect results. 

No study 
protocol 
identified, 
however, all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study 
appears to be 
free of other 
sources of bias. 



APPENDIX III: Chapter 5.2 Supplementary Materials 

529 
 

Rating  

Panahi 2012 

 Risk of bias: High  Risk of bias: High  Risk of bias: High  Risk of bias: High  Risk of bias: Low   Risk of bias: 
Low 

 Risk of bias: 
Low 

Evidence "The participants of this 
open-label trial were 
individually and 
alternatively allocated 
to ginger or control 
group with the first 
allocation being chosen 
randomly. At the 
beginning of study and 
before patient 
recruitment, blank 
questionnaires were 
numbered and 
alternatively coded as 
ginger or control. The 
first code was chosen 
randomly (by lottery)." 

The patients were 
randomised 
sequentially to the 
two groups (control 
and intervention); 
that is, the first 
patient was assigned 
to the control group 
and the next one to 
the intervention 
group, therefore 
allocation 
concealment 
inadequate. 

No placebo used 
therefore participants 
and researchers not 
blinded to the 
intervention. Therefore 
outcomes likely to be 
influenced and effect of 
intervention may have 
been overestimated.  

Questionnaires were 
self reported. 
However, participants 
knew which 
intervention they 
received therefore 
likely to influence 
results and 
overestimate effect of 
intervention.  

22% attrition 
(22/100 didn't 
complete the 
study). Reasons 
given and 
numbers per 
group and dropout 
rate not 
statistically 
significantly 
different between 
the groups. 
Intention to treat 
appears not to 
have been, 
however, 22 drop 
outs unlikely to 
affect results. 

No study 
protocol 
identified, 
however, all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study 
appears to be 
free of other 
sources of bias. 

Rating 

Ryan 2012 

 Risk of bias: Low  Risk of bias: Unclear  Risk of bias: Low  Risk of bias:   Risk of bias: Low  Risk of bias: 
Low 

 Risk of bias: 
Low 

Evidence "Randomization was 
stratified by CCOP 
site. Within each site, a 
computer-generated 
random number table 
with block size eight 
was used to randomly 
assign patients to one 
of four treatment 
arms." No statistically 
signficant differences 
between baseline 
characteristcs 
suggesting 
randomisation 
executed successfully. 

No description of 
how allocation was 
conducted. 

Placebo capsules made 
to be identical in weight 
and appearance, and 
double encapsulated.  

Questionnaires given 
to participant to 
complete, and seeing 
as patients blinded to 
intervention, unlikely 
to have effected 
results. 

23% attrition. 
Some intention to 
treat used where 
possible. Numbers 
per group and 
reasons given. 

Study Protocol 
pre-registered 
and all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study 
appears to be 
free of other 
sources of bias. 

Rating Zick 2009  Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: Low  Risk of bias: 
Low 

 Risk of bias: 
Low 
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Evidence  "The randomization 
code blocked by 
research site was 
computer-generated by 
the study 
biostatistician." 
Baseline 
characteristics not 
statistically analysed, 
however appear similar 
suggesting 
randomisation 
executed successfully. 

" All study 
participants as well 
as all study 
personnel who 
assessed outcomes, 
worked with study 
data, or administered 
tests or 
questionnaires were 
unaware of the 
randomization list or 
treatment 
assignment. "  

"All study participants as 
well as all study 
personnel who assessed 
outcomes, worked with 
study data, or adminis- 
tered tests or 
questionnaires were 
unaware of the 
randomization list or 
treatment assignment." 
Placebo capsules made 
to mimic ginger. 

 As participants and 
researchers blinded to 
intervention, unlikely 
to effect outcomes.  

20% attrition 
(33/162). Intention 
to treat used. 
Reasons per 
group for drop 
outs given, 
numbers and 
reasons don't 
appear drastically 
different between 
groups.  

No study 
protocol 
identified, 
however, all pre-
specified 
expected 
outcomes 
included in 
publication as 
intended. 

The study 
appears to be 
free of other 
sources of bias. 
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Online Supplementary Material 4: Characteristics of Included Studies 
 
Table S4. Included studies located in the updated search strategy (n=13), examining the effect of ginger supplementation on 

chemotherapy-induced nausea and vomiting incidence and chemotherapy-related outcomes.  

 

Citation 
Study 
Design & 
Setting  

Population  CTx Protocol Adjuvant 
Therapies 

Intervention 
Group/s 
(IG)  

Comparator 
Group/s 
(CG) 

Results  

Alparslan 
2012  

Design: 
Non-RCT  
Country: 
Turkey 
Study 
Duration 
Dates: 
March 2011 
to July 2011 
 

N: 45  
Attrition: 0% 
Females: 
n=15  
Age: 60% 
were 46-80 
years 
Cancer type: 
Hematological 
(64% 
leukaemia) 
History of 
CINV: Not 
specified 

None 
specified. 51% 
were on their 
first course of 
treatment 

None 
specified 

n: 15 
Type: ginger 
tablet 
Dose: 1.6g/d 
(2x0.4g BD) 
Duration: 
Throughout 
course of 
treatment 
(length 
unspecified) 

n: 30 
Type: IV 
anti-emetic 
(3mg setron)   
 

CINVa 
Incidence (time point not specified): 
- IG n=0/15; CG n=23/30; P<0.05 between groups 
Mortality 
Not reported 
 
 

Arslan 2015  
 

Design: RCT 
Country: 
Turkey 
Dates: Not 
specified 

N: 60 
Attrition: 0% 
Female: n=60 
Age: mean 
48.5 years 
Cancer:  
Breast cancer 
(stage II or III) 
with previous 
surgical 
treatment 
History of 
CINV: Yes, 
established in 
previous 
Cycles. No 
difference 

Drugs: 
Anthracycline, 
cyclophospha
mide, 
doxorubicin 
and 5-
fluorouracil  
Emetogenicity: 
Not specified 
Single or multi 
day:  
Single 
Commencing 
Cycle: ≥2nd 
Cycle 
Cycle length: 
Not specified 

5-HT3 
receptor 
antagonist 
(palonoset
ron), 
dexameth
asone, an 
antihistami
ne 
(ranitidine( 
(Day 1); 
PO 
aprepitant 
(Days 1-3) 

n: 30 
Type: 0.5g 
powdered 
ginger 
sachet 
mixed with 
yoghurt 
Dose: 1g/d 
(0.5g BD) 
Duration: 3 
days; 1st 
dose 30 
mins before 
CTx; for 2 
Cycles 
 

n: 30 
Type: 
Standard 
care (no 
ginger) 

CIN 
Severity (mean score (SD); specially formulated tool; score ranges 0-10; higher 
score indicates more severe CIN): 
- Day 1 (acute severity): IG 0.8 (0.9); CG 1.2 (1.1); P=0.15 between groups 
- Day 2: IG 3.8 (1.9); CG 6.3 (1.9); P<0.001 between groups 
- Day 3: IG 3.8 (1.8); CG 6.5 (1.8); P=0.001 between groups 
- Day 4: IG 3.7 (1.9); CG 6.3 (1.8); P=0.001 between groups 
- Day 5: IG 2.8 (1.7); CG 5.4 (2.3); P=0.001 between groups 
- Overall Severity (mean of Day 1-5 scores):b IG 2.98 (1.64); CG 5.14 (1.78) 
- Delayed Severity (mean of Day 2-5 scores):b IG 3.53 (1.83); CG 6.13 (1.95) 
- Delayed Nausea (time point not specified): IG 3.6 (1.8); CG 6.1 (1.7); P<0.001 
between groups 
- Acute Nausea (time point not specified): IG 1.6 (1.1); CG 3.9 (1.6); P<0.001 
between groups 
- Before Intervention (time point not specified): IG 5.3 (1.0); CG 5.2 (1.5); P=0.9 
between groups 
- After Intervention (time point unclear): IG 3 (1.5); CG 5.1 (1.5); P<0.001 
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between 
groups 
 

 between groups 
CIV 
Incidence (mean number of episodes (SD); measured 4 times each day): 
- Day 1: IG 0 (0.1); CG 0.1 (0.2); P=0.21 between groups 
- Day 2: IG 0 (0.1); CG 0.3 (0.6); P=0.01 between groups 
- Day 3: IG 0 (0.1); CG 0.2 (0.4); P=0.01 between groups 
- Day 4: IG 0 (0.1); CG 0.1 (0.4); P=0.07 between groups 
- Day 5: IG 0 (0.0); CG 0.2 (0.4); P=0.04 between groups 
- After Intervention (time point unclear): IG 0 (0); CG 0.2 (0.3); P=0.011 between 
groups 
Mortality 
Not reported 

Bossi 2017  Design: 
Double-blind 
placebo- 
controlled 
randomised 
trial 
Country: 
Italy 
Data 
Collection 
Dates: June 
2013 to April 
2015 
 

N: 251 
Attrition: n=97 
(39%); IG 
n=53; CG 
n=44 
Female: n=84 
Age: μ59±10 
years 
Cancer: n=119 
lung, n=86 
head and 
neck, n=21 
bladder, n=18 
other 
History of 
CINV: No 
Reasons for 
attrition: n=25 
adverse 
events (IG 
n=13, CG 
n=12), n=24 
withdrew 
consent, n=1 
loss to follow-
up, n=2 
protocol 
violations, 
n=45 other 
 

Drugs: 
Cisplatin >50
mg/m2 and 
other 
unspecified 
Emetogenicity: 
High 
Single or multi 
day: Single 
Commencing 
Cycle: Cycle 1 
Cycle length: 
n=140 were 
21 days. N=4 
were 28 days 
 

Aprepitant 
and 5-HT3 
receptor 
antagonist 
(Day 1); 
dexameth
asone 
(Days 1-4) 
 

n: 125 
Type: Softel 
capsule with 
sunflower oil 
(110 mg) 
and zingiber 
officinalis 
standardised 
CO2 
supercritical 
extract 
(40mg); 
minimum 
Gingerols 
16mg, min 
Shogaol 
1.12mg 
Dose: 
0.16g/d 
(2x0.04g 
BD). 
Duration:  
42-56 days 
covering 
n=2 Cycles, 
commenced 
on Day 2 of 
each 21-28-
day Cycle 

n: 126  
Type: 
Placebo of 
softgel 
capsule 
150mg 
sunflower oil 
 

CIN 
Any nausea incidence (VAS Score >5/100; OR <1.00 when IG had better 
protective effect against CIN that CG; measured daily): 
- C1 Day 2 to 5: IG n=77/121; CG n=71/123; OR: 1.06 (95% CI 0.60-1.85); 
P=0.851 
- C2 Day 2 to 5: IG n=52/121; CG n=55/123; OR: 1.36 (95% CI 0.69-2.70); 
P=0.379 
- Overall and Delayed Incidence (mean of C1 and C2 Day 2-5):b IG n=65/121 CG 
n=63/123 
- C1 Day 6 to 20 / 27 (Intercycle): IG n=66/121; CG n=60/123; OR: 1.31 (95% CI 
0.73-2.37); P=0.367 
- C2 Day 6 to 20 / 27 (Intercycle): IG n=46/121; CG n=47/123; OR: 1.32 (95% CI 
0.68-2.58); P=0.417 
- C1 Day 21 / 28 (Anticipatory): IG n=30/121; CG n=29/123; OR: -0.93 (95% CI 
0.51-1.72); P=0.823 
- C2 Day 21 / 28 (Anticipatory): IG n=20/121; CG n=22/123; OR: -1.20 (95% CI 
0.58-2.47); P=0.629 
Physical function 
FLIE Score (score ranges 18-126; higher scores indicate better physical function; 
measured on Days 1 and 6 of Cycle 1 and 2): 
- No difference between groups (data not reported) 
Fatigue  
BFI Score (score ranges 0-10; higher scores indicate more severe fatigue; 
measured on Days 1 and 6 of Cycle 1 and 2): 
- C1: treatment difference favouring ginger: 0.23, 95% CI:-0.97-0.51 
- C2: treatment difference favouring placebo: 0.09, 95% CI: –0.71-0.89 
Adverse Events: 
- 198 (78.9%) experienced 1 adverse event, no difference between groups (data 
not reported)  
- Adverse events related to study treatment: IG n=63/125 (51.1% mild, 33.1% 
moderate and 13.8% severe); CG n=35/126 (51.8% mild, 30.6% moderate and 
15.6% severe) 
Mortality 
Not reported 
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Danwilai 
2017  

Design: Pilot 
double-blind 
placebo-RCT 
Country: 
Thailand 
Recruitment 
Dates: 
September 
2012 to July 
2013 

N: 50 
Attrition: n=7 
(14%); IG n=6; 
CG n=1 
Female: n=43 
Age: 52.4 ± 
9.1 years  
Cancer: 
Breast (91%), 
ovarian and 
lung 
History of 
CINV: No 
Reasons for 
attrition: n=3 
withdrew 
consent, n=1 
unable to 
swallow 
capsule, n=3 
transferred to 
different site 

Drugs: Mostly 
anthracycline 
based regimen 
or some 
platinum 
based 
regimen. 
Emetogenicity: 
Moderate or 
high  
Single or multi 
day: Not 
specified 
Commencing 
Cycle: Cycle 1 
Cycle length: 
Not specified 

Dexameth
asone and 
ondansetr
on prior to 
CTx 
administra
tion. 
Rescue 
anti-
emetics at 
any time if 
needed.  
Those 
given 
aprepitant
s not 
eligible for 
inclusion 

n: 25 
Type: 
Capsule with 
0.005g 
standardised 
6-gingerol 
(1.4% w/w of 
ginger 
extract); 
binder; 
thickening  
agent  
Dose: 
0.02g/d (2x 
0.005g BD). 
Duration: 
from 3 days 
prior to CTx 
through to 
the 4th Cycle 

n: 25 
Type: 
placebo 
capsule with 
binder, 
thickening 
agent and 
matched 
weight 
 

Adverse Events: 
- Withdrawals: IG 6; CG 1 
- Toxicity (n withdrawn due to unacceptable toxicity): IG n=0/25; CG not specified 
- Adverse events reasonably related to study treatment: IG n=0/19; CG not 
specified 
Mortality 
Not reported 
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Konmun 
2017  

Design:  
Double-blind 
placebo-
controlled 
randomised 
trial  
Country: 
Thailand  
Recruitment 
Dates: 
January 
2012 to July 
2013 
 

N: 88 (n=94 
randomised 
but n-88 
commenced 
study) 
Attrition: 7 
(8%) 
Female: n=75 
Age: median 
53 (range 19-
81) years 
Cancer: Solid 
tumors; breast 
cancer (72%); 
with prior 
surgical 
removal 
History of 
CINV: No 
Reasons for 
attrition: n=1 
protocol 
violation, n=6 
withdrew 
consent 

Drugs: 68% 
anthracycline-
based, 21% 
platinum-
based. 
Emetogenicity: 
Moderate or 
high 
Single or multi 
day: Not 
specified 
Commencing 
Cycle: Cycle 1 
Cycle length: 
Not specified 

Ondansetr
on and 
dexameth
asone 
prior to 
CTx (IV 
Day 1, PO 
Days 1-4); 
PO 
Metoclopr
amide 
(days 2-4). 
Those 
given 
aprepitant
s not 
eligible for 
inclusion 
 

n: 46 
Type:  
Capsule with 
0.005g 
standardised 
6-gingerol 
(1.4% w/w of 
ginger 
extract) 
Dose: 
0.02g/d 
(2x0.005g 
BD) 
Duration: 
from 
3 days prior 
to CTx for at 
least 3 
Cycles 
(through to 
12 weeks of 
treatment or 
completion 
of planned 
CTx) 
 

n: 42  
Type: 
Placebo - 
capsules 
with 
diluents/bind
er and 
thickening 
agent 

CIN 
Incidence (time points unclear): 
- All grade combined nausea: IG n=30/40; CG n=37/41; P=0.084 
- All grade acute nausea: IG n=18/40; CG n=30/41; P=0.010 
- All grade delayed nausea: IG n=30/40; CG n=37/41; P=0.084 
Severity (NRS ESAS Score; score ranges 0-10; higher scores indicate more 
severe CIN; measured daily 0-120hr post CTx): 
- Mild nausea: IG 55%; CG 17%; P<0.001 
- Moderate nausea: IG 15%; CG 39%; P<0.001 
- Severe nausea: IG 5%; CG 34%; P<0.001 
CIV 
Incidence (measured daily): 
- All grade combined vomiting: IG n=9/40; CG n=28/41; P<0.001 
- All grade acute vomiting: IG n=5/40; CG n=18/41; P=0.002 
- All grade delayed vomiting: IG n=9/40; CG n=28/41; P=0.002 
Fatigue 
Incidence of all grades: 
- IG n=31/42; CG n=41/46; P=0.020 between groups   
QoL 
FACT-G Score (mean (SD); score ranges 0-108; higher score indicates better 
QoL; measured at end of study, Day 64 post CTx): 
- Total Score: IG 86.21 (13.6); CG 72.36 (18.9); P<0.001 
Adverse Events  
Incidence of events reasonably related to intervention: 
- Toxicity: IG n=0/42; CG n=0/46 
- Other: IG n=0/42; CG not specified 
Mortality 
Not reported 

Li 2018  Design: 
Double-blind 
placebo-
RCT 
Country: 
China  
Recruitment 
Dates: June 
2016 to 
March 2017 
 

N: 146 
Attrition: n=6 
(4%) (IG n=2, 
IG n=4) 
Female: n=40 
Age: IG 57 ± 
7-8 years 
Cancer: lung 
History of 
CINV: IG 59%, 
CG 66% 
Reasons for 
attrition: self-
reported lack 
of compliance 
n=6 

Drugs: 
Cisplatin 68%, 
carboplatin 
26%, 
oxaliplatin 6% 
Emetogenicity:  
Single or multi 
day: not 
specified 
Commencing 
Cycle: any 
Cycle length: 
any 

Standard 
antiemetic 
therapy 
(5HT3 
RA’s). 
66% had 
aprepitant
s 

n: 71 
Type: 0.25g 
capsule with 
standardised 
dry ginger 
root powder 
with 0.013g 
(5%) 
gingerols 
Dose: 0.5g/d 
(2x0.25g 
BD) 
Duration: for 
5 days 
starting on 
first day of 
CTx 

n: 69 
Type: 0.25g 
placebo 
capsule with 
corn starch  

CIN 
Incidence (measured on Day 2 and 5 post CTx):  
- Acute: IG n=49/71; CG n=39/69; P=0.174 
- Delayed: IG n=43/71; CG n=50/69; P=0.214 
- Overall Incidence (mean of acute and delayed):b IG 46/71; CG 45/69 
Severity Score (median MAT score (interquartile range); measured on Day 2 and 
5 post CTx): 
- Acute: IG 3 (0, 4); CG 3 (0, 4); P=0.246 
- Delayed: IG 1 (0, 5); CG 2 (0, 4.5); P=0.347 
CIV 
Incidence (measured on Day 2 and 5 post CTx): 
- Acute: IG n=6/71; CG n=11/69; P=0.309 
- Delayed: IG n=16/71; CG n=18/69; P=0.813 
- Overall Incidence (mean of acute and delayed):b IG 11/71; CG 15/69 
Frequency (median MAT score (interquartile range); measured on Day 2 and 5 
post CTx): 
- Acute: IG 0 (0, 0); CG 0 (0, 0); P=0.256 
- Delayed: IG 0 (0, 1); CG 0 (0, 0); P=0.718 
QoL 
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FACT-G Score (mean (SD); score ranges 0-108; higher score indicates better 
QoL; measured on Day 1 and 5 post CTx): 
- Day 1: IG 72.65 (14.00); CG 71.78 (14.68); P=0.720 
- Day 5: IG 72.79 (14.00); CG 72.45 (13.93); P=0.884 
Adverse Events 
Incidence of events reasonable related to intervention (measured anytime during 
study duration): 
- Drowsiness: IG n=30/71; CG n=21/69; P=0.163 
- Dry mouth: IG n=18/71; CG n=9/69; P=0.086 
- Heartburn: IG n=6/71; CG n=3/69; P=0.494 
- Flushing: IG n=11/71; CG n=5/69; P=0.184 
Mortality 
Not reported 

Marx 2017  
 

Design: 
Double-blind 
placebo-
RCT 
Country: 
Australia 
Recruitment 
Dates: 
March 2014 
to February 
2015 
 

N: 51 
Attrition: n=17 
(33%); n=9 IG; 
n=8 CG 
Female: n=32 
Age: 58 ± 12 
years 
Cancer: 37% 
colon, 26%, 
breast, 22% 
lymphoma, 
other. 
History of 
CINV: No 
Reasons for 
attrition: n=4 
adverse event 
(n=3 CG, n=1 
IG), n=3 
nausea/vomiti
ng, n=1 loss to 
follow-up, n=9 
withdrew 
consent 
 

Drugs: Not 
specified 
Emetogenicity: 
85% 
moderate, 
16% high 
Single or multi 
day: Single 
dayc 
Commencing 
Cycle: Cycle 1  
Cycle length: 
Not specified 

Standard 
anti-
emetics 
prescribed 
by 
physician 
not 
specified 

n: 24 
Type: 0.3g 
capsule 
standardised 
ginger 
extract with 
5% (0.015g) 
gingerols  
Dose: 1.2g 
(0.3g QID) 
Duration: 5 
days starting 
on the day 
of CTx from 
Cycle 1-3 

n: 27 
Type: 0.3g 
placebo 
capsule with 
inert filler  

CIN  
INVR Score (median (IQR); score ranges 0-10; higher score indicates more 
severe CIN):   
- Acute (measured on the day of CTx) C1: IG 3.6 (3, 5); CG 3 (3, 5); P=0.46 
- Acute C2: IG 3 (3, 3); CG 3 (3, 4); P=0.63 
- Acute C3: IG 3 (3, 5); CG 3 (3, 5); P=0.79 
- Delayed (combination of scores measured from Day 1 post CTx to Day 5 post 
CTx) C1: IG 11 (9, 17); CG 15 (9, 20); P=0.27 
- Delayed C2: IG 14.5 (9, 15); CG 12 (9, 16); P=0.54 
- Delayed C3: IG 12 (9, 16.5); CG 12 (9, 16); P=0.42 
CIV  
INVR Score (median (IQR)):   
- Acute (measured on the day of CTx) C1: IG 3 (3, 3); CG 3 (3, 3); P=0.41 
- Acute C2: IG 3 (3, 3); CG 3 (3, 3); P=0.99 
- Acute C3: IG 3 (3, 3); CG 3 (3, 3); P=0.17 
- Delayed (combination of scores measured from Day 1 post CTx to Day 5 post 
CTx) C1: IG 9 (9, 9.7); CG 9 (9, 12); P=0.74 
- Delayed C2: IG 9 (9, 10); CG 9 (9, 10); P=0.95 
- Delayed C3: IG 9 (9, 9); CG 9 (9, 10); P=0.69 
CINV  
INVR Score (median (IQR); score ranges 0-10; higher score indicates more 
severe CINV): 
- Anticipatory (measured on the day before CTx) C1: IG 8 (8, 8); CG 8 (8, 8); 
P=0.44 
- Anticipatory C2: IG 8 (8, 9); CG 8 (8, 9); P=0.61 
- Anticipatory C3: IG 8 (8, 8); CG 8 (8, 9); P=0.76 
QoL  
CINV QoL (FLIE-5DR score; median (IQR); score ranges 18-126; higher scores 
indicate better QoL; measured at baseline and 4 days post CTx): 
- C1: IG 124.5 (113.2, 126); CG 111 (99, 126); P=0.043 between groups 
- C2: IG 124 (108, 126); CG 117 (109, 126); P=0.916 between groups 
- C3: IG 123.5 (107, 126); CG 120 (111, 126); P=0.931 between groups 
Global Cancer-related QoL (FACT-G score; mean (SD); score ranges 0-108); 
higher scores indicate better QoL; measured at baseline and 4 days post CTx): 
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- C1: IG 85.1 (18.9); CG 71.9 (18.3); P=0.015 between groups 
- C2: IG 74.9 (17.7); CG 67.6 (10.2); P=0.077 between groups 
- C3: IG 83.6 (15.0); CG 75.1 (13.9); P=0.040 between groups 
- Overall (mean of C1 and C3)b: IG 81.2 (17.2); CG 71.6 (14.1) 
Fatigue 
FACIT-F score (mean (SD); score ranges 0-52, higher scores indicate less 
fatigue; measured at baseline and 4 days post CTx):  
- C1: IG 41.8 (13); CG 32.2 (10.8); P=0.006 between groups 
- C2: IG 37.7 (10.8); CG 34.5 (7.9); P=0.23 between groups 
- C3: IG 42.4 (10.2); CG 36.1 (7.2); P=0.013 between groups 
Adverse Events 
Incidence (measured 5-days post CTx): 
Overall adverse events not reasonable attributable to intervention: IG n=1/24; CG 
n=3/27 
Side effects reasonably related to study treatment: IG n=2/24 constipation, IG 
n=4/24 reflux, CG not specified 
Mortality 
Not reported 

Montazeri 
2013  
 

Design:  
Cross-over 
double 
blinded, 
placebo 
RCT 
Country: 
Unclear, 
possibly Iran 
Data 
Collection 
Dates: 
September 
2006 to 
March 2007 
 

N: 44 
Attrition: n=13 
(30%) during 
second 
intervention 
period, unclear 
from which 
groups. 
Female: n=18 
Age: mean 
50.3 ± 3.1 
years 
Cancer: 
mainly 
oesophagus  
History of 
CINV: Yes 
Reason for 
attrition: n=3 
death, n=7 
protocol 
violation, n=2 
vomiting, n=1 
loss to follow-
up 

Drugs: 
Cisplatin with 
or without 
other 
unspecified 
CTx  agents 
(most 
commonly 
fluorouracil 5) 
Emetogenicity: 
Not specified 
Single or multi 
day: Not 
specified 
Commencing 
Cycle: After 
Cycle >1, not 
specified  

Grainestro
ne and 
dexamtha
sone and 
metoclopr
amide if 
requested 

n: Unclear; 
possibly 37 
Type: 0.25g 
ginger 
powder 
capsule 
Dose: 1g/d 
(2x 0.25g 
BD) 
Duration: for 
one Cycle 
(at least 28 
days) before 
crossing 
over 

n: Unclear; 
possibly 37 
Type: 0.25g 
placebo 
capsule with 
chickpea 
flour (2x 
0.25g BD)  

CINV  
Severity (Strain Tools of Severity; score ranges 0-10; higher score indicates more 
severe CIN; measured 7,8,9,10 and 24 hours post CTx): 
- C1: in the 7th, 8th, 9th, 10th and 24th hours post CTx, severity reduced 9.1%, 
9.1%, 9.1% 4.6% and 4.7% more in IG than CG, respectively. 
- C2: In the 8th, 9th, 10th and 24th hours post CTx, severity reduced 4%, 6.3%, 
6.7% and 8.3% more in the CG than IG, respectively. There was no significant 
difference in the 7th hour post CTx 
Mortality 
- n=3/37 

Muthia 
2013  
 

Design: 
Control time 
series  

N: 20 
Attrition: n=0 
Female: n=20 
Age: unclear. 

Drugs: 
Cyclophospha
mide, 

Ondasentr
on and 
dexameth
asone 

n: 10 
Type: Self-
prepared 
ginger 

n: 10 
Type: no 
intervention /  

CINV  
INVR (score ranges 0-10; higher score indicates more severe CINV; time point 
unclear): 
- IG decrease in score P=0.000; CG decrease in score P=0.011 
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Country: 
Indonesia 
Data 
Collection 
Dates: April 
2013 to May 
2013 
 

Cancer: 
Breast 
History of 
CINV: Unclear 

Adriamycin-5-
fluorouracil 
Emetogenicity: 
Not specified 
Single or multi 
day: Not 
specified 
Commencing 
Cycle: Not 
specified 
Cycle length: 
Not specified 

infusion (10g 
fresh 
Zingiber 
officanale 
varietas 
rubrum 
[pared and 
grated] + 
100mL 
water to 
make. 
Infused for 
15 minutes 
starting at 
90’C, 
strained and 
diluted to 
150ml. 
Dose: 1 
serve 
[unclear if 
15ml or 
150ml] x3/d 
Duration: 
Not 
specified, 
from the 2nd 
day after 
CTx  

standard 
care  

- Difference between IG and CG P=0.036 
Mortality 
Not reported 
 
 

Sanaati 
2016  
 

Design: 
Double blind 
RCT 
Country: 
Iran 
Recruitment 
Dates: May 
2013 to 
June 2014 
 
 

N: 43 
Attrition: n=13 
(30%); n=7 IG; 
n=5 CG 
Female: Not 
specified 
Age: range 20-
60 years 
Cancer: 
Breast 
History of 
CINV: Yes 
Reasons for 
attrition: CTx 
cancelled, 
withdrew, not 
completing 
data 

Drugs: Not 
specified 
Emetogenicity: 
Not specified  
Single or multi 
day: Single  
Commencing 
Cycle: ≥ Cycle 
2 
Cycle length: 
≥2 weeks 
 

Dexameth
asone, 
metoclopr
amide and 
aprepitant 
(DMA) 
capsule 
 

n: 23 
Type: 0.5g 
capsule 
powdered 
ginger root 
Dose:  
1g/d (0.5g 
BD) 
Duration: 10 
days (from 5 
days before 
to 5 days 
after CTx) 
 

n: 20 
Type: 
Standard 
Care (no 
ginger) 
 

CIN  
Incidence (self-designed tool; measured every night from 5 days before to 5 days 
after CTx):  
- Mean difference between groups 1.5 (S.E. 0.58); P=0.006 
CIV  
Incidence (self-designed tool; measured every night from 5 days before to 5 days 
after CTx):  
- Mean difference between groups 0.11 (S.E. 0.25); P<0.0001 
Mortality 
Not reported 
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collection, 
death 
(numbers per 
group unclear) 

Shokri 2017  Design: 
Double 
blind, 
placebo 
RCT  
Country: 
Iran 
Data 
Collection 
and Analysis 
Dates: 
October 
2014 to 
February 
2015 
 

N: 49 
Attrition: n=0 
Female: n=49 
Age: mean 53 
± 11-16 years. 
Cancer: Stage 
I to III ovarian 
cancer who 
had 
undergone 
cytoreductive 
surgery 
History of 
CINV: Not 
specified 

Drugs: 
Carboplatin 
and paclitaxel 
Emetogenicity: 
Not specified 
Single or multi 
day: Not 
specified  
Commencing 
Cycle: Not 
specified 
Cycle length: 
21 days 

Not 
specified 

n: 20  
Type: 1g 
capsule 
Dose: 2g/d 
(1g BD) 
Duration: for 
6 Cycles 

n: 29 
Type: 1g 
placebo 
capsule  
Dose: 2g/d 
(1g BD) 
Duration: for 
6 Cycles 

CINV 
Incidence (time point not specified): 
- IG n=8/20; CG n=14/29; P=0.57 between groups 
Adverse Events  
Incidence (measured at the end of treatment up to 12 months after baseline): 
- hematologic, renal and digestive complications (unspecified): IG n=10/20; CG 
n=21/29; P=0.11 between groups 
- weight loss: IG n=1/20; CG n=1/29; P=0.66 between groups 
- peripheral neuropathy: IG n=3/20; CG n=5/29; P=0.58 between groups 
- bone marrow depression: IG n=2/20; CG n=2/29; P=0.54 between groups 
- transient cortical blindness: IG n=1/20; CG n=0/29; P=0.41 between groups 
- peripheral neuropathy: IG n=3/20; CG n=5/29; P=0.58 between groups 
Mortality 
Incidence (during 12-month follow up period): 
- IG n=2/20; CG n=3/29; P=0.68 between groups 

Thamlikitkul 
2017  
 

Design: 
Double 
blind, 
placebo-
controlled 
crossover 
RCT 
Country: 
Thailand  
Recruitment 
Dates: 
February 
2015 to 
December 
2015 

N: 34 
Attrition: 0 
Female: n=34 
Age: mean 49 
(range 32-68) 
years 
Cancer: 
Breast 
History of 
CINV: Yes 

Drugs: 
Cyclophospha
mide and 
doxorubicin 
Emetogenicity: 
High 
Single or multi 
day: Not 
specified  
Commencing 
Cycle: 
Cycle 2 
Cycle length: 
Not specified 
  

Ondansetr
on and 
dexameth
asone and 
rescue 
domperido
ne or 
metoclopr
amide  
if needed 
 

n: 34 
Type: 
capsuled dry 
ginger 
powder  
Dose: 1g 
(0.5g BD) 
Duration: 5 
days starting 
on Day 1 of 
CTx for one 
Cycle then 
crossed over 
to second 
group for the 
next Cycle 

n: 34 
Type: 
Placebo 
capsule 
Dose: 0.5g 
BD 
Duration: 5 
days starting 
on Day 1 of 
CTx for one 
Cycle then 
crossed over 
to second 
group for the 
next Cycle 
 

CIN  
Severity (VAS score; score ranges 0-100; higher score indicates worse 
symptoms; measured once daily for 5 days starting on day 1 of CTx): 
- Maximum Nausea Score: IG 35.36 (S.E. 4.43); CG 32.17 (S.E. 3.71); difference 
between groups 3 (95% CI -3-9), P=0.3 
- Acute Nausea Score: IG 25.00 (S.E. 4.70); CG 23.00 (S.E. 3.40); difference 
between groups 2 (95%CI -6-9), P=0.64 
- Delayed nausea score: IG 25.95 (S.E.3.64); CG 23.08 (S.E. 3.12); difference 
between groups 2.9 (95%CI -2-7.4), P=0.21 
CIV  
Incidence (measured once daily for 5 days starting on day 1 of CTx): 
- IG n=9/34; CG n=10/34; P=0.5 between groups 
Fatigue 
Incidence of all grades (measured once daily for 5 days starting on day 1 of CTx): 
- IG n=25/34; CG n=21/34 
Adverse events 
Incidence of Grade ≥3 (measured once daily for 5 days starting on day 1 of CTx): 
- Febrile Neutropaenia: IG n=0/34; CG n=1/34 
- Neutropaenia: IG n=2/34; CG n=1/34 
Mortality 
Not reported 

Yekta 2012  Design: 
Double 
blind, 
placebo-
RCT 

N: 98  
Attrition: n=18 
(18%); unclear 
from which 
groups. 
Female: n=80 

Drugs: Not 
specified 
Emetogenicity: 
84% moderate 
to high 

Kytril or 
Granisetro
n 
hydrochlor
ide tablets 
and 

n: 40 
Type: 0.25g 
ginger root 
capsules, 
dry ginger 
root (5.38mg 

n: 40 
Type: 
Placebo 
capsule 
Dose: 

CIV  
Incidence (mean (SD); measured daily for 6 days starting 3 days before CTx): 
- Anticipatory: IG n=0.5/40 (0.3); CG n=1.5/40 (5.9); P=0.04 between groups 
- Acute: IG 2.7/40 (1.2); CG n=3.7/40 (2.5); P=0.04 between groups 
- Delayed: IG 3.3/40 (1.1); CG n=7.9/40 (3.9); P=0.003 between groups 
- Total: IG 2.3/40 (5.1); CG 7.9/40 (14); P=0.002 between groups 
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Country: 
Iran 
Study 
Duration 
Dates: July 
2009 to 
December 
2009 

Cancer: 
Breast 
History of 
CINV: Yes 
Reasons for 
attrition: 
cancelled CTx, 
withdrew, did 
not complete 
data 
collection, 
death. Unclear 
numbers from 
each group. 

Single or multi 
day: Single  
Commencing 
Cycle: 
≥ Cycle 2 
Cycle length: ≥ 
2 weeks 
 

dexameth
asone  

 

6-gingerol, 
1.8mg 8-
gingerol, 
4.19mg 10-
gingerol, 
0.92mg 6-
shagaol) 
Dose: 1g 
(0.25g QID) 
Duration: 
For 6 days 
from 3 days 
before CTx 
session 

0.25g QID 
made with 
starch 
Duration: 
For 6 days 
from 3 days 
before CTx 
session 

Adverse Events 
Incidence (no time point specified): 
- Heartburn Acute: IG n=5/40; CG n=0/40; P=0.06 between groups 
- Heartburn Delayed: IG n=2/40; CG n=0/40; P=0.5 between groups 
- Heartburn Overall (mean of acute and delayed):b IG 4/40; CG 0/40 
Mortality 
Not reported 
 

 
BFI: Brief Fatigue Inventory; CIN: Chemotherapy-induced nausea; CIV: Chemotherapy-induced vomiting; CINV: Chemotherapy-induced nausea and vomiting; CTx: chemotherapy; d: day; FACIT-F: 
Functional Assessment of Chronic Illness Therapy-Fatigue; FACT-G: Functional Assessment of Cancer Therapy-General; FLIE: Functional Living Index Emesis; FLIE-5DR: Functional Living Index 
Emesis 5 Day Recall; INVR: Rhodes Inventory of Nausea, Vomiting and Retching; MAT: Multinational Association of Supportive Care in Cancer (MASCC) Antiemesis Tool; NRS ESAS: Numerical 
Rating Scale using Edmonton’s Symptom Assessment Scale; n: number; QoL: Quality of Life; RCT: Randomised Controlled Trial; VAS: Visual analogue scale. 
a Data tables not published, therefore data unclear. 
b This was calculated by review authors to generate a number used for meta analyses. 
c Information supplied by author. 
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Table S5. Included studies located in the researchers’ previous systematic review (n=5), examining the effect of ginger 

supplementation on chemotherapy-induced nausea and vomiting incidence and chemotherapy-related outcomes. 

 

Citation 
Study 
Design & 
Setting 

Population  CTx Protocol Adjuvant 
Therapies 

Intervention 
Group/s (IG) 

Comparator 
Group/s 
(CG)  

Results  

Fahimi 
2011  
 

Design:  
Double blind 
crossover 
placebo RCT 
Country: Iran 
Dates: Not 
specified 
 

N: 50 
Attrition: 
n=14  
Female: 
n=10 
Age: mean 
50.2  ± 12.2 
years 
Cancer: lung 
(50%), 
others not 
specified 
History of 
CINV: Not 
specified  

Drugs: 
Cisplatin with 
at least one 
of: 
etoposide, 
docetaxel, 
gemcitabine, 
docetaxel, 
vinorelbine, 
cyclophospha
mide, 
paclitaxel, 
doxorubicin, 
5-FU, 
pemetrexed 
Emetogenicity
: Not 
specified. 
Single or multi 
day: Unclear 
Commencing 
Cycle: Not 
specified 
Cycle length: 
Not specified 

5-HT3 
antagonist 
(granisetron
e) and 
corticostreoi
d 
(hydrocortis
one) 

n: 36 
Type: 0.25g 
capsule, 
powdered ginger 
(Zintoma) 
Dose: 1g (2x 
0.25g BD) 
Duration: 3 days 
starting on the 
day of CTx then 
a 3-week 
washout period 
prior to cross 
over 
 

n: 36 
Type: 0.25g 
placebo 
capsule 
composed of 
lactose. 
Dose: 1g (2x 
0.25g BD  
Duration: 3 
days starting 
on the day 
of CTx then 
a 3-week 
washout 
period prior 
to cross over 
 

CIN  
Incidence (measured 24, 48 and 72hr post CTx): 
- Day 1 (Acute Incidence): IG n=17/36; CG n=21/36; P=0.388 between groups 
- Day 2: IG n=16/36; CG n=19/36; P=0.508 between groups 
- Day 3: IG n=17/36; CG n=18/36; P<0.999 between groups 
- Overall Incidence (mean of Day 1-3):a IG n=17/36; CG n=19/36 
- Delayed Incidence (mean of Day 2-3):a IG n=17/36; CG n=19/36 
Severity Score (MANE Score; mean (SD); score ranges 1-7; higher score 
indicated more severe CIN): 
- Day 1 (acute severity): IG 1.75 (2.02); CG 1.36 (1.91); P=0.14 between 
groups 
- Day 2: IG 1.78 (1.93); CG 1.50 (2.03); P=0.31 between groups 
- Day 3: IG 1.61 (1.93); CG 1.47 (1.92); P=0.73 between groups 
- Overall Severity (mean of Day 1-3 scores):a IG 1.71 (1.96); CG 1.44 (1.95) 
- Delayed Severity (mean of Day 2-3 scores):a IG 1.7 (1.93); CG 1.49 (1.98) 
CIV 
Incidence (measured 24, 48 and 72hr post CTx): 
- Day 1 (acute incidence): IG n=21/36; CG n=27/36; P=0.070 between groups 
- Day 2: IG n=27/36; CG n=29/36; P=0.687 between groups 
- Day 3: IG 29/36; CG 28/36; P<0.999 between groups 
- Overall Incidence (mean of Day 1-3):a IG n=26/36; CG n=28/36 
- Delayed Incidence (mean of Day 2-3):a IG n=28/36; CG n=29/36 
Severity Score (MANE Score; mean (SD); score ranges 1-7; higher score 
indicated more severe CIV): 
- Day 1: IG 1.47 (2.18); CG 0.94 (1.77); P=0.14 between groups 
- Day 2: IG 1.03 (1.89); CG 0.83 (1.84); P=0.72 between groups 
- Day 3: IG 0.80 (1.83); CG 0.92 (1.86); P=0.78 between groups 
Mortality 
Not reported 

Manusi-
rivithaya 
2004  
 

Design:  
Double blind 
crossover 
RCT 
Country: 
Thailand 

N: 48  
Attrition: n=5 
Female: 
n=43 
Age: mean 
46±10-14 
years 

Drugs: 
Cisplatin with 
one of the 
following 
agents: 
cyclophospha
mide, 

Metoclopra
mide (Day 1 
30 min 
before CTx), 
dexamethas
one and 
lorazepam 

n: 43 
Type: 0.25g 
capsule, ginger 
root powder  
Dose: 1g (0.25g 
QID) 

n: 43 
Type: 0.25g 
placebo 
capsule 
(corn starch) 
Dose: 1g 
(0.25g QID) 

CIN 
Severity (VAS Score; mean (SD); score ranges 0-10; higher score indicates 
more severe CIN; recorded daily on Days 1-5): 
- Day 1 (acute severity): IG 4.32 (3.61); CG 4.31 (3.31); P=0.875 between 
groups 
- Day 2: IG 4.23 (3.30); CG 3.84 (3.01); P=0.582 between groups 
- Day 3: IG 4.01 (3.65); CG 4.20 (3.71); P=0.865 between groups 
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Dates: Not 
specified 

Cancer: 
ovary (76%), 
cervical 
(23%) 
History of 
CINV: Not 
specified 

ifosfamide, 
etoposide, 
bleomycin, 5-
fluorouracil 
Emetogenicity
: High 
Single or multi 
day: Unclear 
Commencing 
Cycle: Not 
specified 
Cycle length: 
Not specified 

(Day 1 30 
min before 
and 6 h after 
CTx) 

Duration: 5 days 
then a 3-4 week 
washout period 
prior to cross 
over 

Duration: 5 
days then a 
3-4 week 
washout 
period prior 
to cross over  

- Day 4: IG 2.67 (3.23); CG 2.99 (3.30); P=0.294 between groups 
- Day 5: IG 2.14 (2.89); CG 1.89 (2.73); P=0.554 between groups 
- Overall Severity (mean of Day 1-5 scores):a IG 3.47 (3.34); CG 3.45 (3.21) 
- Delayed Severity (mean of Day 2-5 scores):a IG 3.26 (3.27); CG 3.23 (3.19) 
CIV  
Incidence (recorded daily on Days 1-5) 
- >5 episodes: IG n=8/43; CG n=9/43; P=0.754 
- 3-5 episodes: IG n=4/42; CG n=5/43; P=0.754 
- 1-2 episodes: IG n=15/43; CG n=11/43; P=0.754 
- Overall Incidence (sum of 1->5 episodes):a IG 27/43; CG 25/43 
Side Effects 
Incidence: 
- Any relatable side effects: IG n=12/43; CG n=8/43; P=0.503 between groups 
- Restlessness: IG n=8/46; n=CG 2/46; P=0.109 between groups 
- Diarrhoea: IG n=2/46; CG n=6/46; P=0.289 between groups 
- Constipation: IG n=6/46; CG n=3/46; P=0.508 between groups 
- Headache: IG n=3/46; CG n=1/46; P=0.625 between groups 
- Dizziness: IG n=5/46; CG n=6/46; P=1.000 between groups 
- Heartburn: IG n=3/46; CG n=3/46; P=1.000 between groups 
- Palpitation: IG n=1/46; CG n=1/46; P=1.000 between groups 
- Akathisia: IG n=1/46; CG n=0/46 
- Acute Dystonic Reaction: CG n=1/46; CG n=0/46 
Mortality 
Not reported 

Panahi 
2012  
 

Design: 
Open pilot 
RCT  
Country: Iran 
Study 
Duration 
Dates: July 
2008 to 
November 
2009 

N: 100  
Attrition: 
n=22 
Female: 
n=78 
Age: mean 
58.1±9.2 
years 
Cancer: 
Mainly 
advanced 
breast 
History of 
CINV: Not 
specified 

Drugs: 
Predominately 
TEC  
(docetaxel, 
epirubicin,  
cyclophospha
mide) 
Emetogenicity
: Moderate or 
High  
Single or multi 
day: Not 
specified 
Commencing 
Cycle: Mainly 
Cycle 1 
Cycle length: 
Not specified 

Standard 
antiemetic 
regimen 
(granisetron 
and 
dexamethas
one) 

 

n: 37 
Type: 0.5g 
capsule 
powdered ginger 
root 
Dose: 1.5g (0.5g 
TID) 
Duration: 5 days 
from the day of  
CTx. Number of 
Cycles 
unspecified 
 

n: 41 
Type: Usual 
care 
 
 

CIN 
Incidence: 
- <6 hours: IG n=9/37; CG n=17/41; P=0.11 between groups 
- 6-24 hours: IG n=13/37; CG n=24/41; P=0.04 between groups 
- Day 2: IG n=17/37; CG n=22/41; P=0.43 between groups 
- Day 3: IG n=20/37; CG n=22/41; P=0.93 between groups 
- Day 4: IG n=21/37; CG n=19/41; P=0.42 between groups 
- Overall Incidence (mean of <6hrs, 6-24hrs and Day 2-4):a IG n=16/37; CG 
n=21/41 
- Acute Incidence (mean of <6hrs and 6-24hrs):a IG n=11/37; CG n=21/41 
- Delayed Incidence (mean of Day 2-4):a IG n=19/37; CG n=31/57 
CIV  
Incidence (combined with retching): 
- <6 hours: IG n=9/37; CG n=11/41; P=0.80 between groups 
- 6-24 hours: IG n=7/37; CG n=12/41; P=0.26 between groups 
- Day 2: IG n=13/37; CG n=11/41; P=0.47 between groups 
- Day 3: IG n=13/37; CG n=12/41; P=0.63 between groups 
- Day 4: IG n=16/37; CG n=14/41; P=0.46 between groups 
- Overall Incidence (mean of <6hrs, 6-24hrs and Day 2-4):a IG 12/37; CG 12/41 
- Acute Incidence (mean of <6hrs and 6-24hrs):a IG n=8/37; CG n=12/41 
- Delayed Incidence (mean of Day 2-4):a IG n=14/37; CG n=12/57 
CINV 
RINVR (Mean Score (SD); score ranges 0-24; higher score indicates more 
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severe CINV): 
- <6 hours: IG 3.22 (4.45); CG 2.98 (3.95); P=0.80 between groups 
- 6-24 hours: IG 3.11 (4.04); CG 4.10 (4.42); P=0.31 between groups 
- Day 2: IG 4.35 (4.84); CG 4.32 (4.36); P=0.98 between groups 
- Day 3: IG 4.78 (4.82); CG 4.22 (5.06); P=0.62 between groups 
- Day 4: IG 5.70 (5.60); CG 4.47 (5.45); P=0.33 between groups 
Mortality 
Not reported 

Ryan 
2012  
 

Design: 
Double blind, 
placebo RCT 
Country: 
USA 
Recruitment 
Dates: June 
2002 to 
December 
2008 

N: 371 
 Attrition: 
n=88 (IG 
n=49; CG 
n=39) 
Female: 
n=257 
Age: mean 
53-54 (S.E. 
1) 
Cancer: 
Breast 
(56%); GI 
(7%); lung 
(5%)  
History of 
CINV: Yes  

Drugs: Not 
specified 
Emetogenicity
: Any 
Single or multi 
day: Not 
specified 
Commencing 
Cycle: ≥ Cycle 
2 
Cycle length: 
Not specified 
 

5-HT3 
receptor 
antagonist. 
dexamathas
one at all 
CTx Cycles 

 

n: 134 
Type 1: 0.25g 
capsule ginger 
liquid extract of 
ginger root 
(8.5mg of 
combined 
gingerols, 
zingerone and 
shogoal) with 
olive oil 
containing other 
unspecified 
excipients to 
improve 
solubilisation 
and increase 
bioavailability 
Type 2: Placebo 
capsule with 
olive oil and 
excipients 
Dose: 
0.5g/d (0.25g 
and x4 placebo) 
Duration: 6 
days, starting 
three days 
before CTx 

n: 149 
Type: 0.25g 
placebo 
capsule with 
olive oil and 
excipients 
Dose: 1.5g 
(3x0.25g 
BD) 
Duration: 6 
days, 
starting 
three days 
before CTx. 

CIN 
Severity Score (LS mean change (SE); score ranges 1-7; higher score 
indicated more severe CIN; measured at 4 times daily from Days 1-4 of each 
Cycle): 
- Average Nausea All IG’s vs CG: -0.350 (-0.140); P=0.013 
- Average Nausea: IG -0.441 (0.127); CG 0.015 (0.121); P=0.046 between 
groups 
Quality of Life  
FACIT-G Score (score ranges 0-108; higher score indicates better QoL; 
measured at Day 1 and Day 4 of each Cycle): 
- no significant difference between groups 
Adverse Events  
Time point not specified: 
- n=24/745 (all four groups). Related to study intervention (n=9/557) (GI 
symptoms: Grade 2 heartburn, bruising/flushing, rash; not delineated between 
treatment doses) 
- Gastrointestinal symptoms: IG n=5/183; CG n=5/188 
Mortality 
Not reported 
 

N: 375 
 Attrition: 
n=95 (IG 
n=49; CG 
n=46) 
Female: 
n=257 
Age: mean 
52-53 (S.E. 
1) 

As per above As per 
above 

n: 141 
Type 1: 0.25g 
capsule ginger 
liquid extract of 
ginger root 
(8.5mg of 
combined 
gingerols, 
zingerone and 
shogoal) with 

As per 
above. 

CIN  
Severity Score (score ranges 1-7; higher score indicated more severe CIN; 
measured at 4 times daily from days 1-4 of each Cycle): 
- Average Nausea: IG LS Mean Change -0.402, SE 0.124; CG 0.015, SE 
0.121; P=0.076 between groups 
Quality of Life  
FACIT-G Score (score ranges 0-108; higher score indicates better QoL; 
measured at day 1 and day 4 of each Cycle): 
- no significant difference between groups 
Adverse Events  
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Cancer: 
Breast 
(56%); GI 
(6%); 
gynecologic 
(5%)  
History of 
CINV: Yes 

olive oil 
containing other 
unspecified 
excipients to 
improve 
solubilisation 
and increase 
bioavailability 
Type 2: Placebo 
capsule with 
olive oil and 
excipients 
Dose: 1g/d of 
ginger (x4 0.25g 
and x2 placebo) 
Duration: 6 
days, starting 
three days 
before CTx 

Time point not specified: 
- n=24/745 (all four groups). Related to study intervention (n=9/557) (GI 
symptoms: Grade 2 heartburn, bruising/flushing, rash; not delineated between 
treatment doses) 
- Gastrointestinal symptoms: IG n=7/187; CG n=5/188 
Mortality 
Not reported 
 

N: 375 
 Attrition: 
n=74 (IG 
n=35; CG 
n=39) 
Female: 
n=277 
Age: mean 
52-53 (S.E. 
1) 
Cancer: 
Breast 
(60%); GI 
(6%); lung 
(5%)  
History of 
CINV: Yes 

As per above As per 
above 

n: 152 
Type 1: 0.25g 
capsule ginger 
liquid extract of 
ginger root 
(8.5mg of 
combined 
gingerols, 
zingerone and 
shogoal) with 
olive oil 
containing other 
unspecified 
excipients to 
improve 
solubilisation 
and increase 
bioavailability 
Dose: 1.5g/d (x6 
0.25g; no 
placebo). 
Duration: 6 
days, starting 
three days 
before CTx 

As per 
above. 

CIN  
Severity Score (score ranges 1-7; higher score indicated more severe CIN; 
measured at 4 times daily from Days 1-4 of each Cycle): 
- Average Nausea: IG C LS Mean Change -0.158, SE 0.120; CG 0.015, SE 
0.121; P=0.738 between groups 
Quality of Life  
FACIT-G Score (score ranges 0-108; higher score indicates better QoL; 
measured at day 1 and day 4 of each Cycle): 
- no significant difference between groups 
Adverse Events 
Time point not specified: 
- n=24/745 (all four groups). Related to study intervention (n=9/557) (GI 
symptoms: Grade 2 heartburn, bruising/flushing, rash; not delineated between 
treatment doses) 
- Gastrointestinal symptoms: IG n=9/187; CG n=5/188 
Mortality 
Not reported 
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Zick 
2009 
 

Design:  
Double blind 
Placebo RCT 
Country: 
USA 
Study 
Duration 
Dates: June 
2003 and 
May 2006 

N: 110 
Attrition: 
n=21 (IG 
n=10; GC 
n=11) 
Female: 
n=92 
Age: mean 
53-55±11-12 
years 
Cancer: Not 
specified 
History of 
CINV: Yes 
 
 
 

Drugs: 20 
different 
regimens 
specified in 
publication 
Emetogenicity
: 17% high; 
65% 
moderate. 
Single or multi 
day: Single 
Commencing 
Cycle: ≥ Cycle 
2 
Cycle length: 
Not specified 
  

Apripetant, 
5-HT3 
receptor 
antagonist 
(Dolasetron, 
Granistron, 
Ondansetro
n or 
Palonosetro
n) 

n: 53 
Type: 0.25g 
capsule dry 
extract of ginger 
root (10:1 (v/v) 
extraction 
solvent (ethanol 
50%)/root) 
standardized to 
15 mg (5%) of 
total gingerols. 
5.38 mg (2.15%) 
6-gingerol, 1.80 
mg (0.72%) 8-
gingerol, 4.19 
mg (1.78%) 10-
gingerol, and 
0.92 mg (0.37%) 
6-shogaol. 
AND placebo 
capsules. 
Dose:  
1g/d (4x 0.25g + 
4x placebo) 
Duration: 3 days 
starting on day 
of CTx 
administration 

n: 57 
Type: 
Placebo 
capsules 
with lactose 
powder 
Dose: 8/day 
Duration: 3 
days starting 
on day of 
CTx 
administratio
n 
 

CIN 
Incidence: 
- <24hr post CTx (acute incidence): IG n=33/53; CG n=31/57; P=0.86 between 
groups 
- 24-48hr post CTx (delayed incidence): IG n=37/53; CG n=31/57; P=0.16 
between groups 
- Overall (mean of <24hrs and 24-48hrs):a IG n=35/53; CG n=31/57 
Severity (MANE Score; mean (SD); score ranges 1-7; higher score indicated 
more severe CIN): 
- <24hr post CTx, no aprepitant: IG 3.1 (1.2) CG 2.8 (1.3); P=0.47 
- <24hr post CTx, aprepitant: IG 2.8 (1.1); CG 3.1 (1.5); P=0.55 
- 24-48hr post CTx, no aprepitant: IG 3.0 (1.1); CG 3.0 (1.3); P=0.69 
- 24-48hr post CTx, aprepitant: IG 2.9 (1.3); CG 2.2 (0.7); P=0.01 
- Overall (mean of <24hr and 24-48hr scores):a IG 2.95 (1.18); CG 2.78 (1.2) 
- Acute Severity (mean of <24hr scores):a IG 2.95 (1.15); CG 2.95 (1.4) 
- Delayed Severity (mean of 24-48hr scores):a IG 2.95 (1.2); CG 2.6 (1) 
CIV 
Incidence: 
- <24hr post CTx (acute incidence): IG n=19/53; CG n=14/57; P=0.47 between 
groups 
- 24-48hr post CTx (delayed incidence): IG n=19/53; CG n=9/57; P=0.07 
between groups 
- Overall Incidence (mean of <24hrs and 24-48hrs):a IG n=19/53; CG n=12/57 
Severity (MANE Score; mean (SD); score ranges 1-7; higher score indicated 
more severe CIV): 
- 24hr post CTx, no aprepitant: IG 3.1 (1.4); CG 3.6 (1.4); P=0.61 
- 24hr post CTx, aprepitant: IG IG 3.4 (0.6); CG 4.0 (1.7); P=0.91 
- 24-48hr post CTx, no aprepitant: IG 2.7 (0.9); CG 4.0 (1.3); P=0.88 
- 24-48hr post CTx, aprepitant: IG 3.0 (1.4); CG 3.0 (0.0); P=0.77 
Adverse Events  
Occurring within the 3-day study period: 
- Fatigue: IG n=1/53; CG n=5/57; P=0.03 
- Laboratory abnormalities: IG n=8/53; CG n=8/57; P=0.06 
- Miscellaneous: IG n=3/53; CG n=8/57; P=0.02 
Mortality 
Not reported 

N: 109 
Attrition: 
n=23 (IG 
n=12; GC 
n=11) 
Female: 
n=83 
Age: mean 
55-58±11-12 
years 

As per above. 
Emetogenicity
: 19% high; 
63% 
moderate 
 

As per 
above 

n: 52 
Type: As per 
above, no 
placebo. 
Dose: 2g/d (8x 
0.25g) 
Duration: 3 days 
starting on day 
of CTx 
administration 
 

As per 
above 

CIN 
Incidence: 
- <24hr post CTx (acute incidence): IG n=30/52; CG n=31/57; P=0.86 between 
groups 
- 24-48hr post CTx (delayed incidence): IG n=27/52; 31/57; P=0.16 between 
groups 
- Overall (mean of <24hrs and 24-48hrs):a IG n=29/52; CG n=31/57 
Severity (MANE Score; mean (SD); score ranges 1-7; higher score indicated 
more severe CIN): 
- <24hr post CTx, no aprepitant: IG 3.0 (1.1); CG 2.8 (1.3); P=0.47 
- <24hr post CTx, aprepitant: IG 2.8 (1.5); CG 3.1 (1.5); P=0.55 



APPENDIX III: Chapter 5.2 Supplementary Materials 

545 
 

Cancer: Not 
specified 
History of 
CINV: Yes 

- 24-48hr post CTx, no aprepitant: IG 3.2 (1.1); CG 3.0 (1.3); P=0.69 
- 24-48hr post CTx, aprepitant: IG 3.9 (0.9); CG 2.2 (0.7); P=0.01 
- Overall (mean of <24hr and 24-48hr scores):a IG 3.23 (1.15); CG 2.78 (1.2) 
- Acute Severity (mean of <24hr scores):a IG 2.9 (1.3); CG 2.95 (1.4) 
- Delayed Severity (mean of 24-48hr scores):a IG 3.55 (1); CG 2.6 (1) 
CIV 
Incidence: 
- 24hr post CTx (acute incidence): IG n=17/53; CG n=14/57; P=0.47 between 
groups 
- 24-48hr post CTx (delayed incidence): IG n=12/53; CG n=9/57; P=0.07 
between groups 
- Overall Incidence (mean of <24hrs and 24-48hrs):a  IG n=15/53; CG n=12/57 
Severity (MANE Score; mean (SD); score ranges 1-7; higher score indicated 
more severe CIV): 
- 24hr post CTx, no aprepitant: IG 2.9 (0.9); CG 3.6 (1.4); P=0.61 
- 24hr post CTx, aprepitant: IG 3.7 (1.5); CG 4.0 (1.7); P=0.91 
- 24-48hr post CTx, no aprepitant: IG 3.7 (1.0); CG 4.0 (1.3); P=0.88 
- 24-48hr post CTx, aprepitant: IG 3.6 (1.3); CG 3.0 (0.0); P=0.77 
Adverse Events  
Occurring within the 3-day study period: 
- Fatigue: IG n=0/52; CG n=5/57; P=0.03 between groups 
- Laboratory abnormalities: IG n=1/52; CG n=8/57; P=0.06 between groups 
- Miscellaneous: IG n=1/52; CG n=8/57; P=0.02 between groups 
Mortality 
Not reported 

 
CIN: chemotherapy induced nausea; CIV: chemotherapy induced vomiting; CINV: chemotherapy induced nausea and vomiting; CTx: chemotherapy; ESAS: 
Edmonton’s Symptom Assessment Scale; FACT-G: Functional Assessment of Cancer Therapy-General; GI: gastrointestinal; LS Mean: least squares mean; 
MANE: Morrow Assessment of Nausea and Emesis; N: number; RCT: Randomised Controlled Trial; RINVR: Rhodes Index of Nausea, Vomiting, and 
Retching; VAS: Visual Analogue Score 
a This was calculated by review authors to generate a number used for meta analyses. 
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Online Supplementary Material 5: GRADE Assessment 
 
Table S7. GRADE assessment of ginger supplementation compared to placebo or standard care for chemotherapy-induced 

nausea and vomiting and related outcomes. 
 
 

Certainty assessment № of patients Effect 

Certainty № of 
studies 

Study 
design 

Risk of 
bias 

Inconsistenc
y 

Indirectnes
s 

Imprecisio
n 

Other 
consideration

s 
Ginger Placeb

o 

Relativ
e 

(95% 
CI) 

Absolut
e 

(95% CI) 

Nausea Overall Incidence - Sensitivity Analysis (low risk of bias only, any duration, any dose) – Figure 5 of Online Supplementary Material  

8 
intervention
s (n=7 
studies)  

randomize
d trials  

not 
serious  

not serious  not serious  serious d none  246/43
0 

(57.2%)  

261/45
3 

(57.6%)  

OR 
0.97 

(0.74 to 
1.28)  

7 fewer 
per 

1,000 
(from 75 
fewer to 

59 
more)  

⨁⨁⨁◯ 
MODERAT

E  

Nausea Acute Incidence (any duration, any dose) – Figure 8 of Online Supplementary Material  

6 
intervention
s (n=5 
studies) 

randomize
d trials  

serious 
b 

serious c not serious  serious d none  158/28
9 

(54.7%)  

173/30
1 

(57.5%)  

OR 
0.81 

(0.47 to 
1.42)  

52 
fewer 
per 

1,000 
(from 
186 

fewer to 
83 

more)  

⨁◯◯◯ 
VERY LOW 
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Certainty assessment № of patients Effect 

Certainty № of 
studies 

Study 
design 

Risk of 
bias 

Inconsistenc
y 

Indirectnes
s 

Imprecisio
n 

Other 
consideration

s 
Ginger Placeb

o 

Relativ
e 

(95% 
CI) 

Absolut
e 

(95% CI) 

Nausea Delayed Incidence (any duration, any dose) – Figure 9 of Online Supplementary Material 

7 
intervention
s (n=6 
studies)  

randomize
d trials  

not 
serious  

not serious  not serious  serious d none  238/41
0 

(58.0%)  

252/42
4 

(59.4%)  

OR 
0.92 

(0.65 to 
1.30)  

20 
fewer 
per 

1,000 
(from 
107 

fewer to 
61 

more)  

⨁⨁⨁◯ 
MODERAT

E  

Nausea Overall Severity - Sensitivity Analysis (low risk of bias only, any duration, any dose) – Figure 11 of Online Supplementary Material 

4 
intervention
s (n=3 
studies) 

randomize
d trials  

not 
serious  

not serious  not serious  very 
serious a 

none  142  150  -  SMD 
0.18 

higher 
(0.02 

lower to 
0.38 

higher)  

⨁⨁◯◯ 
LOW  

Nausea Acute Severity - Sensitivity Analysis (low risk of bias only, any duration, any dose) – Figure 10 of Online Supplementary Material 4 

4 
intervention
s (n=3 
studies)  

randomize
d trials  

not 
serious  

not serious  not serious  very 
serious a 

none  185  193  -  SMD 
0.03 SD 
higher 
(0.17 

lower to 
0.23 

higher)  

⨁⨁◯◯ 
LOW  
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Certainty assessment № of patients Effect 

Certainty № of 
studies 

Study 
design 

Risk of 
bias 

Inconsistenc
y 

Indirectnes
s 

Imprecisio
n 

Other 
consideration

s 
Ginger Placeb

o 

Relativ
e 

(95% 
CI) 

Absolut
e 

(95% CI) 

Nausea Delayed Severity - Sensitivity Analysis (low risk of bias only, any duration, any dose) – Figure 15 of Online Supplementary Material 

4 
intervention
s (n=3 
studies) 

randomize
d trials  

not 
serious  

serious c not serious  very 
serious a 

none  185  193  -  SMD 
0.35 SD 
higher 
(0.07 

lower to 
0.77 

higher)  

⨁◯◯◯ 
VERY LOW  

Vomiting Overall Incidence (any duration, any dose) – Figure 16 of Online Supplementary Material  

9 
intervention
s (n=8 
studies) 

randomize
d trials  

not 
serious 

serious c not serious  very 
serious d 

none  130/40
7 

(31.9%)  

150/41
8 

(35.9%)  

OR 
0.78 

(0.44 to 
1.36)  

55 
fewer 
per 

1,000 
(from 
163 

fewer to 
74 

more)  

⨁◯◯◯ 
VERY LOW 

Vomiting Acute Incidence (any duration, any dose) – Figure 18 of Online Supplementary Material  
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Certainty assessment № of patients Effect 

Certainty № of 
studies 

Study 
design 

Risk of 
bias 

Inconsistenc
y 

Indirectnes
s 

Imprecisio
n 

Other 
consideration

s 
Ginger Placeb

o 

Relativ
e 

(95% 
CI) 

Absolut
e 

(95% CI) 

7 
intervention
s (n=6 
studies) 

randomize
d trials  

Seriou
s b  

serious e not serious  very 
serious d 

none  79/330 
(23.9%)  

100/34
1 

(29.3%)  

OR 
0.69 

(0.38 to 
1.24)  

71 
fewer 
per 

1,000 
(from 
157 

fewer to 
47 

more)  

⨁◯◯◯ 
VERY LOW 

Vomiting Acute Incidence – Subgroup Analysis (>3-days duration, ≤1g/day) – Figure 24 of Manuscript 

3 
intervention
s (n=3 
studies) 

randomize
d trials  

not 
serious  

not serious  not serious  serious a none  14/151 
(9.3%) 

33/150 
(22.0%) 

OR 
0.37 

(0.17 to 
0.81) 

126 
fewer 
per 

1,000 
(from 
174 

fewer to 
34 

fewer) 

⨁⨁⨁◯ 
MODERAT

E 

Vomiting Delayed Incidence (any duration, any dose) – Figure 19 of Online Supplementary Material  

7 
intervention
s (n=6 
studies) 

randomize
d trials  

serious 
b 

serious e not serious  serious a none  101/33
0 

(30.6%)  

113/34
1 

(33.1%)  

OR 
0.83 

(0.39 to 
1.79)  

1 fewer 
per 

1,000 
(from 2 
fewer to 
0 fewer)  

⨁◯◯◯ 
VERY LOW 
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Certainty assessment № of patients Effect 

Certainty № of 
studies 

Study 
design 

Risk of 
bias 

Inconsistenc
y 

Indirectnes
s 

Imprecisio
n 

Other 
consideration

s 
Ginger Placeb

o 

Relativ
e 

(95% 
CI) 

Absolut
e 

(95% CI) 

Quality of Life Score (any duration, any dose) – Figure 21 of Online Supplementary Material  

3 
intervention
s (n=3 
studies) 

randomize
d trials  

not 
serious  

serious c not serious  serious a none  117  111  -  SMD 
0.47 SD 
higher 
(0.07 

lower to 
1.01 

higher)  

⨁⨁◯◯ 
LOW 

Fatigue Incidence (Sensitivity Analysis - ≤3-days, any dose) – Figure 25 of Manuscript 

2 
intervention
s (n=1 
study) 

randomize
d trials  

not 
serious  

not serious  not serious  very 
serious a 

none  1/105 
(1.0%)  

10/114 
(8.8%)  

OR 
0.15 

(0.03 to 
0.87)  

74 
fewer 
per 

1,000 
(from 85 
fewer to 

65 
more)  

⨁⨁◯◯ 
LOW  

Any Adverse Effects Incidence (any duration, any dose) – Figure 26 of Manuscript 

5 
intervention
s (n=3 
studies) 

randomize
d trials  

not 
serious  

not serious  not serious  serious a none  96/725 
(13.2%)  

58/733 
(7.9%)  

OR 
2.03 

(1.39 to 
2.99)  

69 more 
per 

1,000 
(from 28 
more to 

125 
more)  

⨁⨁⨁◯ 
MODERAT

E  
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Certainty assessment № of patients Effect 

Certainty № of 
studies 

Study 
design 

Risk of 
bias 

Inconsistenc
y 

Indirectnes
s 

Imprecisio
n 

Other 
consideration

s 
Ginger Placeb

o 

Relativ
e 

(95% 
CI) 

Absolut
e 

(95% CI) 

Heartburn Incidence (any duration, any dose) – Figure 22 of Online Supplementary Material 

3 
intervention
s (n=3 
studies) 

randomize
d trials  

not 
serious  

not serious  not serious  very 
serious a 

none  13/157 
(8.3%)  

6/155 
(3.9%)  

OR 
1.88 

(0.68 to 
5.18)  

32 more 
per 

1,000 
(from 12 
fewer to 

134 
more)  

⨁⨁◯◯ 
LOW  

CI: Confidence interval; OR: Odds ratio; SMD: Standardised mean difference 
 
Explanations 
a. Wide CI; small sample size and small number of events.  
b. 2/6 studies rated 'unclear' and 1/6 'high' for random sequence generation bias; 4/6 'unclear' and 1/6 'high' for allocation concealment bias.  
c. Large variation in effect size; minimal overlap in confidence intervals; I2 high; P<0.05.  
d. Moderately wide CI's  
e. 5/5 studies rated 'unclear' risk of bias and 1/5 'high' for allocation concealment, however, unlikely to largely affect outcomes.  
f. 1/4 studies rated 'unclear' and 1/4 studies rated 'high' for random sequence generation bias; 2/4 rated 'unclear' and 1/4 rated 'high' for allocation 
concealment bias.  
g. 1/4 studies rated 'unclear' and 1/4 'high' for random sequence generation bias; 3/4 'unclear' and 1/4 'high' for allocation concealment bias.
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Chapter 5.3 The Efficacy of Ginger for Chemotherapy-induced Nausea and 
Vomiting: A Randomised Controlled Trial  

 
Crichton M, Marshall S, Isenring E, Lohning A, Koh A, McCarthy A, Molassoitis A, 

Bird R, McPherson I, Shannon C, Marx W. Effect of a standardized ginger root 

powder regimen on chemotherapy-induced nausea and vomiting: a multi-center 

double-blind placebo-controlled randomized trial.  

Under first review at Journal of the Academy of Nutrition and Dietetics.
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Supplementary File 1.  Manufacturer’s compositional analysis of interventional ginger 

supplements used to assess the effect of ginger supplementation compared to 

placebo on chemotherapy-induced nausea and vomiting. 

 

Active Ingredient Amount per 300mg capsule (% of total 
weight) 

6-gingerol 10.8 mg (3.6%) 
8-gingerol A 1.6 mg (0.5%) 
8-gingerol B 0.7 mg (0.2%) 
10-gingerol 2.4 mg (0.8%) 
6-gingerdiol  0.3 mg (0.1%) 
6-gingerdione Not detected 
8-gingerdione Not detected  
Total gingerols 15.8 mg (5.2%) 
6-shogaol  4.7 mg (1.6%) 
8-shogaol 0.6 mg (0.2%) 
10-shogaol Not detected 
Total shogaols 5.3 mg (1.8%) 
Total gingerols & shogaols 21.1 mg (7.0%) 
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Supplementary File 2. Additional information about primary and secondary outcome measurement tools used to determine the effect 

of ginger supplementation compared to placebo on chemotherapy-induced nausea and vomiting and related outcomes. 

Outcome Tool Timepoint Assessment Interpretation 
Nausea-related 
QoL, 
Vomiting-related 
QoL, 
CINV-related QoL 

FLIE-5DR: 
total score 
and subscale 
scores 
(nausea and 
vomiting) 

T1, T3 There were nine questions in each nausea and vomiting 
subscale, which used a 7-point Likert scale.  
A score ranging from 9 to 63 was generated for each nausea 
and vomiting subscale and a total CINV-related QoL score was 
summed from all 18 questions, with scores ranging from 18-
126. 

Higher scores indicated less hardship and less 
impact of nausea and/or vomiting. 
No or minimal impact on daily living was defined 
as a subscale score of ≥54/63 or total score of 
≥108/126. 

Nausea and 
vomiting 
symptoms  
(incidence and 
severity/frequency 
of anticipatory, 
acute, and delayed 
nausea and 
vomiting   

MAT T1, T2, T3 Questions measured the incidence of nausea and vomiting as 
well as the severity of nausea and number of episodes of 
vomiting using a Likert scale (0-10). 

Higher scores indicated more severe nausea and 
frequent vomiting.  
Clinically significant nausea was considered as a 
severity score of ≥3. 

Health-related 
quality of life 

EQ-5D-5L: 
total score 
and VAS 
rating 

T1, T3 A total global wellbeing score ranging from 5 to 25 was 
generated by summing responses to the five questions. 
Participants were also asked to rate their health on a visual 
analogue scale from 0 to 100.  

Higher global wellbeing scores indicated poorer 
QoL. 
Visual analogue health rating score ranged from 0 
(worst health imaginable) to 100 (best health 
imaginable). 

Fatigue  FACIT-F T2, T4 The 13-item scale using a 5-point Likert scale generated a 
total score ranging from 0 to 52. 

Lower scores indicated more fatigue. 
Clinically significant fatigue was classified as a 
score of ≤34 and a difference of three points 
between groups was considered a clinically 
meaningful difference 

Anxiety and 
depression 

HADS T2 Responses to the seven anxiety-specific and seven 
depression-specific questions were summed to generate total 
scores ranging from 0 to 21 for anxiety and depression. 

Higher scores indicated worst symptoms and a 
score of ≥11/21 represented abnormal anxiety or 
depression and was flagged to nursing staff as an 
incidental finding for follow-up care. 
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FACIT-F: Functional Assessment of Chronic Illness Therapy Fatigue Scale; FLIE-5DR: Functional Living Index Emesis 5 Day Recall; HADS: Hospital Anxiety 
and Depression Scale; MAT: the Multinational Association of Supportive in Cancer Anti-emesis; PG-SGA: Patient-Generated Subjective Global Assessment. 
 
T0: prior to chemotherapy; T1: one day prior to chemotherapy or day of their chemotherapy (PG-SGA); T2: 12-24 hours after chemotherapy; T3: four days after 
chemotherapy; T4: 5-8 days after chemotherapy. Timepoints 1-4 were repeated for three chemotherapy cycles (Cycles 1-3). 
 

 

Nutrition status PG-SGA T1 PG-SGA was conducted by the research assistant, an 
accredited practicing dietitian.  
The PG-SGA generated a total score typically ranging from 0 
to 30. 

Higher scores indicated greater risk of malnutrition 
as well as a global rating of A (well nourished), B 
(suspected or moderately malnourished), or C 
(severely malnourished). 
Participants identified as malnourished (PG-SGA 
rating B or C) were flagged to nursing staff and/or 
usual care dietitian as an incidental finding for 
follow-up care. 



APPENDIX III: Chapter 5.3 Supplementary Materials 

556 
 

Supplementary File 3. Adverse events reported by participants, classified according 

to the National Institute of Health Adverse Event and Serious Adverse Event 

Guidelines.  

Adverse event Incidence Severity Expectedness Relatedness 

Reflux  n=10 (10%) 
- Ginger: n=9 (18%) 
- Placebo: n=1 (2%) 

Mild (n=9) 
Moderate (n=1, 
ginger group) 

Expected Possibly 
related 

Constipation n=5 (5%) 
Ginger: n=2 (4%) 
Placebo: n=3 (6%) 

Mild Unexpected Possibly 
related 

Diarrhea n=2 (2%) 
Ginger: n=1 (2%) 
Placebo: n=1 (2%) 

Mild Unexpected Possibly 
related 

Abdominal pain n=3 (3%) 
Ginger: n=1 (2%) 
Placebo: n=2 (4%) 

Mild Unexpected Possibly 
related 

Mucositis n=2 (2%) 
Ginger: n=1 (2%) 
Placebo: n=1 (2%) 

Mild Unexpected Not related 

Peripheral 
neuropathy 

n=1 (1%) 
Ginger: n=0 (0%) 
Placebo: n=1 (2%) 

Mild Unexpected Not related 

Wound infection n=3 (3%) 
Ginger: n=1 (2%) 
Placebo: n=2 (4%) 

Moderate Unexpected Not related 

Oral thrush n=1 (1%) 
Ginger: n=0 (0%) 
Placebo: n=1 (2%) 

Moderate Unexpected Not related 

Urinary tract 
infection 

n=1 (1%) 
Ginger: n=0 (0%) 
Placebo: n=1 (2%) 

Moderate Unexpected Not related 

Upper respiratory 
tract infection 

n=2 (2%) 
Ginger: n=2 (4%) 
Placebo: n=0 (0%) 

Moderate Unexpected Not related 

Neutropenic n=4 (4%) 
Ginger: n=3 (6%) 
Placebo: n=1 (2%) 

Moderate Unexpected Not related 

Emergency room 
admission due to 
neutropenic fever 

n=2 (2%) 
Ginger: n=0 (0%) 
Placebo: n=2 (2%) 

Severe Unexpected Not related 

Emergency room 
visit due to fever 

n=3 (3%) 
Ginger: n=1 (2%) 
Placebo: n=2 (4%) 

Severe Unexpected Not related 

Pneumonia n=2 (2%) 
Ginger: n=0 (0%) 
Placebo: n=2 (4%) 

Severe Unexpected Not related 

 

Severity: Mild (tolerable, transient symptoms, minor irritant, no interference with 

normal activities, symptoms do not require therapy); moderate (Low level of 

inconvenience, might interfere with normal activities and functioning, usually improved 
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with simple therapeutic measures); or severe (interruption to normal activities, 

generally require systemic drug therapy, incapacitating). 

Expectedness: Expected (event known to be associated with the intervention) or 

unexpected (nature or severity of the event is not consistent with information about 

the intervention). 

Relatedness: Definitely related (event clearly related to the investigational 

agent/protocol), possibly related (event shows some consistency with the onset of the 

study procedure but could have been produced by a number of other factors), or not 

related (clearly not related to investigational agent/protocol and another cause of the 

event is plausible).  
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Chapter 6.3 The Effect of Ginger on Gastrointestinal Bacteria: A Randomised 
Controlled Trial  
 

Crichton M, Marshall S, Marx W, Isenring E, Vázquez-Campos X, Dawson S, 

Lohning A. Effect of standardized ginger root powder on gastrointestinal bacteria 

composition, gastrointestinal symptoms, mental health, fatigue, and quality of life: A 

double-blind placebo-controlled randomized trial.  
Under review at American Journal of Clinical Nutrition.
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Table S1. Eligibility criteria for participation in the randomized controlled trial 

comparing ginger root powder and placebo. 
Inclusion Criteria  
Aged 18-30 years 
Willing to have no drugs/medications for three weeks a,b  
If person of childbearing potential, use of non-hormonal contraception, sterile partner, or abstinence 
Gastrointestinal symptom rating scale (GSRS) total score of ≤30 (slight or no symptoms of nausea, 
reflux, indigestion, diarrhea, constipation, or gastrointestinal pain)  
Willing to have no probiotic supplements or probiotic-fortified foods for three weeks b  
Willing to have no ginger-containing supplements or ingestion of any amount of fresh, dried, or liquid 
ginger for 3 weeks b 
Willing to use no tobacco products for 3 weeks b 
Regular coffee/tea consumption of <5 per day, and willing to have ≤2 coffees/teas per day for three 
weeks b 
Willing to have ≤2 standard alcohol drinks per day for 3 weeks b 
Willing to have no artificial sweeteners or artificial sweetener containing foods and beverages for 
three weeks b 
Within a three-hour driving radius of the research facility in Southeast Queensland 
Exclusion Criteria 
Any known medical condition or syndrome 
Routine drug/medication use 
Habitual tobacco user (daily tobacco user of any amount) 
Habitual alcohol drinker (>2 standard alcohol drinks per day) 
Use of hormonal contraception in the previous two weeks, and/or use of other contraception (e.g., 
Implanon, injection, IUS) in the previous three months 
Antibiotic use within the previous six months 
Illness or injury in the previous two weeks (e.g., common cold, food poisoning, bone fracture) 
Any known biochemistry abnormalities during the previous six months 
History of ingestion of probiotic supplements of any amount (e.g., capsules, powders) in the previous 
two weeks and/or history of any probiotic-fortified foods (e.g., probiotic drinks, fortified yoghurts) in 
the previous week 
No written informed consent 
People with cognitive impairment which impacts on ability to provide informed consent or 
understand multiple-step instructions 
History of adverse reactions to ginger or ginger-containing products 
Swallowing difficulties preventing supplement ingestion 
Any type of dietary restriction currently or within the past two weeks 

Any other reason the investigator deems the participant to be unsuitable to participate. 
Pregnant or breastfeeding 

 

a Participants were advised not to avoid medications if medically required for unforeseen reasons. 
 
b Once consented and commenced the intervention period, participants who consumed any 
confounding products were not excluded from the study and consumption was reported. 
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Table S2. Active ingredient composition per 300mg ginger capsule. 

 
Active Ingredient Amount per 300mg capsule (% of total 

weight) 
6-gingerol 10.8 mg (3.6%) 
8-gingerol A 1.6 mg (0.5%) 
8-gingerol B 0.7 mg (0.2%) 
10-gingerol 2.4 mg (0.8%) 
6-gingerdiol  0.3 mg (0.1%) 
6-gingerdione Not detected 
8-gingerdione Not detected  
Total gingerols 15.8 mg (5.2%) 
6-shogaol  4.7 mg (1.6%) 
8-shogaol 0.6 mg (0.2%) 
10-shogaol Not detected 
Total shogaols 5.3 mg (1.8%) 
Total gingerols & shogaols 21.1 mg (7.0%) 
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Figure S1.  Summary of MiSeq standard operating procedure (SOP) version 1.42.3 

developed by Kozich and colleagues (47) used for analysing amplicon sequence data. 

• Paired end reads means each sample consisted of forward (F) and reverse 
(R) reads (two separate. fastq files). N=178 files received (F and R) from 
n=89 samples. 

• There is considerable overlap between F and R reads, so these were 
combined (make.contigs command) and a quality score was assigned. 
Quality score cut-off (>25) was used to screen acceptable sequences. Most 
reads were between 243-253 base pairs (bp). Reads were screened for 
ambiguity and uniqueness. 

• All sequences were combined into a single fastq file. A group file was 
created retaining information about which reads originated from which 
sample. 

• Ambiguous sequences were removed, and a threshold sequence length 
established (275bp). 

• Total sequences = 1041948. 
• Sequences were screened for uniqueness (unique.seqs) and duplicates 

removed to reduce the total file size. The total sequence information was 
retained in the summary.seqs file. 

• A count table was created summarising the number of times each unique 
sequence was observed in each sample. 

 
• Unique sequences were aligned to the SILVA reference database with the 

align.seqs command. 
• SILVA Reference Alignment (silva.bacteria.fasta) to V4 region (11894 to 

25319). 
• Aligned sequences were further cleaned by removing poorly aligned 

sequences and any with long homopolymer sequences (screen.seqs, 
filter.seqs). Pre-clustering (pre.cluster) grouped near-identical sequences 
together (differing by only 1 or 2 bp). 

• Chimera’s were removed (these are artefacts created by combining of 
unrelated sequences during amplification). 

• Sequences were assigned to OTUs with the Bayesian classifer 
(classify.seqs). 

• Any non-bacterial sequences were removed e.g., 18S rRNA or 16S rRNA 
from archaea, chloroplasts and mitochondria (remove.seqs). 

• A total of 151893 unique sequences were produced from a total of 8117473 

• OTUs are clusters of similar sequence variants of the 16S rDNA marker 
gene sequence. Each cluster is designed to represent a taxonomic unit of a 
bacteria species or genus depending on the sequence similarity threshold. 
OTUs with >10 individuals in it are considered abundant. 

• Typically, OTU clusters are defined by a 97% identity threshold of the 16S 
gene sequence variants at species level (98% or 99% identity is suggested 
for strain separation). 

• There are two approaches for clustering. The traditional approach is using 
dist.seqs and cluster tools (classify.otu). 

• Taxonomy output for level 0.03 means 97% similarity for species level. 
• Because some samples may have contained more sequences than others, 

normalisation was performed (count.groups; make.shared). 
• Count.groups showed how many sequences in each sample. This 

represented the observed abundances of taxa in the sample. 

 

Sequence Clean-up 

Sequence 
Alignment & 
Taxonomic 
Classification 

 

OTU clustering 

Diversity analysis 
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Supplementary Methods 1. R Software Code used for conducting analyses. 

 

Statistical analysis of community composition and alpha diversity 
 
# Following MinimalR Tutorial Workflow  https://riffomonas.org/minimalR/04_combining_data_frames.html  
# 
# Step 1 - Set working dir to C:\Documents\R\Gingadata in which data files are stored 
 
setwd("~/Desktop/ginga_gut_analysis") 
 
# Step 2: Install libraries 
library(tidyverse) 
library(dplyr) 
library(phyloseq) 
library(readxl) 
library(ggplot2) 
library(RColorBrewer) 
library(purrr) 
library(broom) 
library(skimr) 
 
# 
# Step 3: Read in metadata file and create the dataframe called metadata2 
# 
metadata2 <- read_excel(path="Ginga_metadata_final2.xlsx") 
 
# Step 4: Change these vars to numeric in new metadata2 file 
metadata2$age <- as.numeric(metadata2$age) 
metadata2$bmi <- as.numeric(metadata2$bmi) 
metadata2$coffee_serves <- as.numeric(metadata2$coffee_serves) 
metadata2$fluid_l <- as.numeric(metadata2$fluid_l) 
metadata2$t_pro_g <- as.numeric(metadata2$t_pro_g) 
metadata2$animal_pro_g <- as.numeric(metadata2$animal_pro_g) 
metadata2$plant_pro_g <- as.numeric(metadata2$plant_pro_g) 
metadata2$supp_pro_g <- as.numeric(metadata2$supp_pro_g) 
metadata2$fat_g <- as.numeric(metadata2$fat_g) 
metadata2$alcohol_drinks <- as.numeric(metadata2$alcohol_drinks) 
metadata2$fibre_g <- as.numeric(metadata2$fibre_g) 
metadata2$S1_sleep_score <- as.numeric(metadata2$S1_sleep_score) 
metadata2$exercise_metmins <- as.numeric(metadata2$exercise_metmins) 
metadata2$S1_stool_consistency <- as.numeric(metadata2$S1_stool_consistency) 
# 
# to see the tibble dataframe created called metadata2, type  
metadata2 
 
# Step 5: Rename to arm so different from the pcoa 'group' column 
metadata2 <- rename(.data=metadata2, 
                    arm=group) 
# Step 6: Rearrange order and check var type for arm is factor 
metadata2 <- mutate(metadata2, arm = factor(arm, levels=c("Placebo", "Ginger"))) 
# 
 
# Session 4: Combining and Exploring Data Frames 
# 
# Step 7: The next bit of code reads in the summary.single results file, joins to metadata and makes a plot 
# colors by arm, x axis is age and y axis is alpha diversity inv_simpson 
#  
read_tsv(file="stability.opti_mcc.groups.ave-std.summary", col_types=cols(group = col_character())) %>% 
  filter(method=='ave') %>% 
  select(group, sobs, invsimpson, coverage) %>% 
  inner_join(metadata2, ., by=c("id"="group")) %>% 
  ggplot(aes(x=age, y=invsimpson, color=arm)) + 
  geom_point(shape=19, size=2) + 
  coord_cartesian(xlim=c(15,39), ylim=c(0,48)) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between community diversity, age and arm", 
       x="Age", 
       y="Inverse Simpson Diversity Index") + 
  theme_classic() 

https://riffomonas.org/minimalR/04_combining_data_frames.html
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#  
# Step 8: Now we will filter out cols we dont need and select out rows to plot only POST SAMPLES. 
# This will filter only the post samples and create a new df called metadata2_post 
metadata2_post <- metadata2 %>% 
  filter(str_detect(id, '_Swab')) 
# seemed to work, created a df called metadata2_post 
 
# Step 9: Now plot just the POST samples 
read_tsv(file="stability.opti_mcc.groups.ave-std.summary", col_types=cols(group = col_character())) %>% 
  filter(method=='ave') %>% 
  select(group, sobs, invsimpson, coverage) %>% 
  inner_join(metadata2_post, ., by=c("id"="group")) %>% 
  ggplot(aes(x=age, y=invsimpson, color=arm)) + 
  geom_point(shape=19, size=2) + 
  coord_cartesian(xlim=c(15,39), ylim=c(0,48)) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between community diversity POST, age and arm", 
       x="Age", 
       y="Inverse Simpson Diversity Index") + 
  theme_classic() 
 
# Step 10: Next try to select out based on Pre and Post timeline 
# 
# James Todd helped me with this code: 
# writes a new column 
metadata_J <- metadata2 #James 
metadata_J$PrePost <- ifelse(str_detect(string = metadata_J$id,pattern = "Swab"), "Post", "Pre") 
 
# Select out rows for the 2 arms and create two new dfs 
metadata_J_placebo <- metadata_J %>% 
  filter(str_detect(arm, 'Placebo')) 
metadata_J_ginger <- metadata_J %>% 
  filter(str_detect(arm, 'Ginger')) 
 
# Convert Pre_Post var from char to categorical factor column 
metadata_J_placebo <- mutate(metadata_J_placebo, PrePost = factor(PrePost, levels=c("Pre", "Post"))) 
metadata_J_ginger <- mutate(metadata_J_ginger, PrePost = factor(PrePost, levels=c("Pre", "Post"))) 
 
#view the two new dfs and check the prepost var is a factor type 
metadata_J_ginger 
metadata_J_placebo 
#  
# Now try graphing the Ginger group data 
read_tsv(file="stability.opti_mcc.groups.ave-std.summary", col_types=cols(group = col_character())) %>% 
  filter(method=='ave') %>% 
  select(group, sobs, invsimpson, coverage) %>% 
  inner_join(metadata_J_ginger, ., by=c("id"="group")) %>% 
  ggplot(aes(x=age, y=invsimpson, color=PrePost)) + 
  geom_point(shape=19, size=2) + 
  coord_cartesian(xlim=c(15,39), ylim=c(0,48)) + 
  scale_color_manual(name=NULL, 
                     values=c("red", "blue"), 
                     breaks=c("Pre", "Post"), 
                     labels=c("Pre", "Post")) + 
  labs(title="Relationship between community diversity in Ginger group, age & timing", 
       x="Age", 
       y="Inverse Simpson Diversity Index") + 
  theme_classic() 
 
# now try graphing the Placebo Group Data 
read_tsv(file="stability.opti_mcc.groups.ave-std.summary", col_types=cols(group = col_character())) %>% 
  filter(method=='ave') %>% 
  select(group, sobs, invsimpson, coverage) %>% 
  inner_join(metadata_J_placebo, ., by=c("id"="group")) %>% 
  ggplot(aes(x=age, y=invsimpson, color=PrePost)) + 
  geom_point(shape=19, size=2) + 
  coord_cartesian(xlim=c(15,39), ylim=c(0,48)) + 
  scale_color_manual(name=NULL, 
                     values=c("red", "blue"), 
                     breaks=c("Pre", "Post"), 
                     labels=c("Pre", "Post")) + 
  labs(title="Relationship between community diversity in Placebo group, age & timing", 
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       x="Age", 
       y="Inverse Simpson Diversity Index") + 
  theme_classic() 
# 
# can repeat the above for the 'PRE' group 
# 
# Filter rows for the 2 time period and create two new dfs 
metadata_J_pre <- metadata_J %>% 
  filter(str_detect(PrePost, 'Pre')) 
metadata_J_post <- metadata_J %>% 
  filter(str_detect(PrePost, 'Post')) 
# Convert Pre_Post var from char to categorical factor column 
metadata_J_pre <- mutate(metadata_J_pre, PrePost = factor(PrePost, levels=c("Pre", "Post"))) 
metadata_J_post <- mutate(metadata_J_post, PrePost = factor(PrePost, levels=c("Pre", "Post"))) 
# 
# ------------------------------------------------ 
# Session 5 Aggregating Data 
# Note these lines separate the two actions of creating the alpha diversity df and then joining with the metadata_J file 
# which is the unfiltered version 
 
alpha <- read_tsv(file="stability.opti_mcc.groups.ave-std.summary", col_types=cols(group = col_character())) %>% 
  filter(method=='ave') %>% 
  select(group, sobs, invsimpson, coverage) 
   
meta_alpha <- inner_join(metadata_J, alpha, by=c("id"="group")) 
 
# QUestion 1: What is the mean diversity across the 2 arms? 
# Breaking down into steps: 
# First group df by a categorical var (eg arm) and then, within each value (placebo/ginger) we can calculate the summary stat on 
another column (eg inv_simpson) 
group_by(meta_alpha, arm) 
#can rewrite like this for same result 
meta_alpha %>%  
           group_by(arm) 
# or if wanting to select some rows out try 
meta_alpha %>%  
  select(arm, invsimpson) %>% 
  group_by(arm) 
# to summarise the diversity values within the arms: 
meta_alpha %>% 
  group_by(PrePost) %>% 
  summarize(mean_invsimpson = mean(invsimpson)) 
# the above should give you means for Placebo 16.8 and Ginger 14.2 
 
# Now in case invsimpson is not normally distributed, we can use median instead 
meta_alpha %>% 
  group_by(arm) %>% 
  summarize(median_invsimpson = median(invsimpson)) 
# the above should give you means for Placebo 14.9 and Ginger 11.4 
# 
# We can present various summary stats and add # individuals per group 
meta_alpha %>% 
  group_by(arm) %>% 
  summarize(mean_invsimpson = mean(invsimpson), sd_invsimpson = sd(invsimpson), N=n()) 
# the above should give you means for Placebo 16.8 (37) and Ginger 14.2 (52), 
# 
# can add other summary stats like n, sum, first, last, nth, quantile, min, max, IQR, var 
 
# QUestion 2: What is the mean diversity among males and females across the two arm 
meta_alpha %>% 
  group_by(arm, sex) %>% 
  summarize(mean_invsimpson = mean(invsimpson), sd_invsimpson = sd(invsimpson), N=n()) 
 
# Question 3: What is the richness among people taking supplements? (note sobs = richness indicator) 
meta_alpha %>% 
  group_by(supp_use) %>% 
  summarize(mean_sobs = mean(sobs), sd_sobs = sd(sobs), N=n()) 
 
# Next, sorting Data Frames 
# Could try seeing which group pre or post had highest mean diverstiy, arrange in decreasing order 
 
meta_alpha %>% 
  group_by(PrePost) %>% 
  summarize(mean_invsimpson = mean(invsimpson), sd_invsimpson = sd(invsimpson), N=n()) %>% 
  arrange(desc(mean_invsimpson))  
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# the results show Post mean (14.6 sd 6.54, N=44) and Pre mean (15.9, sd 9.53, N=45) sd is huge 
# use the pipe (%>%) cmd to add functions.  
# If you just wanted to see the highest include the top_n cmd  
meta_alpha %>% 
  group_by(PrePost) %>% 
  summarize(mean_invsimpson = mean(invsimpson), sd_invsimpson = sd(invsimpson), N=n()) %>% 
  top_n(n=1, mean_invsimpson) 
# You can pull out the name of the timing (pre/post) which gave the highest like this: 
meta_alpha %>% 
  group_by(PrePost) %>% 
  summarize(mean_invsimpson = mean(invsimpson), sd_invsimpson = sd(invsimpson), N=n()) %>% 
  top_n(n=1, mean_invsimpson) %>% 
  pull(PrePost) 
   
# Creating new Columns - say you'd like to compare diversity in 2 arms that have high or low fibre 
# let's say normal daily fibre is >20g. Need to create another column 
meta_alpha <- meta_alpha %>%  
  mutate(high_fibre = fibre_g>=50) 
 
meta_alpha %>%  
  mutate(fibre_category = if_else(fibre_g>=50, "high fibre", "low fibre")) 
# if there are more than 2 cases, uses 'case_whmeanen' cmd 
 
# Now add on the diversity information 
meta_alpha %>%  
  mutate(fibre_category = if_else(fibre_g>=50, "high fibre", "low fibre") 
         ) %>% 
  group_by(fibre_category) %>% 
  summarize(mean_invsimpson = mean(invsimpson), sd_invsimpson = sd(invsimpson), N=n()) %>% 
  arrange(desc(mean_invsimpson))  
#running this showed higher diversity with high fibre but sd is high and only 10 people in this category 
 
#Session 6: Analysing Continuous data across discrete categories 
# check distribution 
meta_alpha %>% 
  group_by(arm) %>% 
  summarize(mean=mean(fibre_g), sd=sd(fibre_g)) 
 
# Plot a strip chart 
ggplot(meta_alpha, aes(x=arm, y=fibre_g, color=arm)) + 
  geom_jitter(shape=19, size=2, width=0.2) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  scale_x_discrete(limits=c("Placebo", "Ginger"), 
                   labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between Daily fibre (g) and arm", 
       x=NULL, 
       y="Fibre (g)") + 
  theme_classic() 
 
#next this strip plot shows InvSimpson diversity for each arm 
 
ggplot(meta_alpha, aes(x=arm, y=invsimpson, color=arm)) + 
  geom_jitter(shape=19, size=2, width=0.2) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  scale_x_discrete(limits=c("Placebo", "Ginger"), 
                   labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between Inverse Simpson diversity and arm", 
       x=NULL, 
       y="Inverse Simpson Diversity Index") + 
  theme_classic() + 
  coord_cartesian(ylim=c(0,50))          
                  
          
#Now compare fibre_g with pre/post and arm 
 
ggplot(meta_alpha, aes(x=arm, y=fibre_g, color=PrePost)) + 
  geom_jitter(shape=19, size=2, position=position_jitterdodge(dodge.width=0.7,jitter.width=0.2)) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
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                     breaks=c("Pre", "Post"), 
                     labels=c("Pre", "Post")) + 
  scale_x_discrete(limits=c("Placebo", "Ginger"), 
                   labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between Daily Fibre, arm - pre and post intervention", 
       x=NULL, 
       y="Fibre (g)") + 
  theme_classic() 
 
#Compare InvSimpson diversity for each arm and Timing 
ggplot(meta_alpha, aes(x=arm, y=invsimpson, color=PrePost)) + 
  geom_jitter(shape=19, size=2, position=position_jitterdodge(dodge.width=0.7,jitter.width=0.2)) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Pre", "Post"), 
                     labels=c("Pre", "Post")) + 
  scale_x_discrete(limits=c("Placebo", "Ginger"), 
                   labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between Inverse Simpson Diversity Index, arm & Timing", 
       x=NULL, 
       y="Fibre (g)") + 
  theme_classic() 
  coord_cartesian(ylim=c(0,50)) 
 
#BOX PLOTS  - this is a notched boxplot  
ggplot(meta_alpha, aes(x=arm, y=fibre_g, color=arm)) + 
    geom_boxplot(notch=TRUE) + 
    scale_color_manual(name=NULL, 
                       values=c("blue", "red"), 
                       breaks=c("Placebo", "Ginger"), 
                       labels=c("Placebo", "Ginger")) + 
    scale_x_discrete(limits=c("Placebo", "Ginger"), 
                       labels=c("Placebo", "Ginger")) + 
    labs(title="Relationship between Daily fibre and arm", 
         x=NULL, 
         y="Fibre (g)") + 
    theme_classic() 
 
# Now include Inv Simpson Diversity  
# first group by arm    
meta_alpha %>% 
  mutate(PrePost = factor(PrePost, levels=c("Pre", "Post"))) %>% 
ggplot(aes(x=arm, y=invsimpson, color=PrePost)) + 
  geom_boxplot() + 
  scale_color_manual(name=NULL, 
                     values=c("lightgreen", "orange"), 
                     breaks=c("Pre", "Post"), 
                     labels=c("Pre", "Post")) + 
  scale_x_discrete(limits=c("Placebo", "Ginger"), 
                   labels=c("Placebo", "Ginger")) + 
  labs(title="Relationship between Inverse Simpson diversity, Arm & Timing", 
       x=NULL, 
       y="Inverse Simpson diversity index") + 
  theme_classic() 
 
# now grouped by timing   
ggplot(meta_alpha, aes(x=PrePost, y=invsimpson, color=arm)) + 
  geom_boxplot() + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  scale_x_discrete(limits=c("Pre", "Post"), 
                   labels=c("Pre", "Post")) + 
  labs(title="Relationship between Shannon diversity, Arm and Timing", 
       x=NULL, 
       y="Inverse Simpson diversity index") + 
  theme_classic() 
 
# repeat above with fill color on box 
ggplot(meta_alpha, aes(x=PrePost, y=invsimpson, color=arm, fill=arm)) + 
  geom_boxplot(alpha=0.3) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
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                     labels=c("Placebo", "Ginger")) + 
  scale_fill_manual(name=NULL, 
                    values=c("blue", "red"), 
                    breaks=c("Placebo", "Ginger"), 
                    labels=c("Placebo", "Ginger")) + 
  scale_x_discrete(limits=c("Pre", "Post"), 
                   labels=c("Pre", "Post")) + 
  labs(title="Relationship between Shannon diversity, Arm and Timing", 
       x=NULL, 
       y="Inverse Simpson diversity index") + 
  theme_classic() 
 
#SESSION 7 - LINE PLOTS 
# 
#create code dir 
dir.create("code", showWarnings=FALSE) 
# If you close out of R and restart you can run the following 2 lines of code to reload libraries and read in the the metadata2 
# file 
source('code/Ginga_startup.R') 
ls() 
 
# You can add other lines of code from this script file into the Startup script if needed. 
 
# you can convert the reading in of the initial excel file into a function which can be called 'get_metadata' 
 
#SESSION 8 - STATISTICAL SIGNIFICANCE 
library(purrr) 
library(broom) 
meta_alpha %>%  
  nest(data = -arm) %>% 
  mutate(summary_data=map(data, ~summary(.x$invsimpson) %>% tidy),  
                          N = map(data, ~nrow(.x))) %>% 
  unnest(cols=c(summary_data,N)) %>% #this un-nests the summary data columns 
  select(-data) #this removes the 'data' column which is not really needed 
# so the above worked ok but warning around tidy being deprecated to skim. Dont worry about that. 
# 
# repeat for time period 
# 
meta_alpha %>%  
  nest(data = -PrePost) %>% 
  mutate(summary_data=map(data, ~summary(.x$invsimpson) %>% tidy),  
                          N = map(data, ~nrow(.x))) %>% 
  unnest(cols=c(summary_data, N)) %>% #this un-nests the summary data columns 
  select(-data) #this removes the 'data' column which is not really needed 
  
#Testing Significance 
#First, test for normal distribution 
ggplot(meta_alpha, aes(sample=invsimpson, group=arm, color=arm)) + geom_qq() + stat_qq_line() + 
   labs(title="Test for Normal Distribution",  
          x="normally distributed quartiles", y="Observed data") + 
  theme_classic() 
#if not norm. dist then try scaling by raising it to a power 
meta_alpha <- mutate(meta_alpha, scaled_invsimp=invsimpson^0.1) 
 
##Added to get mean invsimp and SD from line 195: 
meta_alpha %>% 
  group_by(arm) %>% 
  summarize(mean_scaled_invsimp = mean(scaled_invsimp), sd_scaled_invsimp = sd(scaled_invsimp), N=n()) 
# Mean of 1.32 vs.1.31 Placebo 
 
ggplot(meta_alpha, aes(sample=scaled_invsimp, group=PrePost, color=PrePost)) + 
  geom_qq() + stat_qq_line() + 
  labs(title="Test for Normal Distribution",  
     x="normally distributed quartiles", y="Observed data") + 
  theme_classic() 
 
#Now compare raw invsimpson using Histogram 
ggplot(meta_alpha, aes(x=invsimpson)) + geom_histogram() 
#or using the scaled values 
ggplot(meta_alpha, aes(x=scaled_invsimp)) + geom_histogram() 
 
# Run Shapiro Test 
meta_alpha %>% pull(invsimpson) %>% shapiro.test() 
#or on scaled data 
meta_alpha %>% pull(scaled_invsimp) %>% shapiro.test() 
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#THis showed us the scaled data is normally distributed and can do parametric tests 
 
# Run the 'aov' test and summary function 
PrePost_invsimpson_aov <- aov(scaled_invsimp~PrePost, data=meta_alpha) 
summary(PrePost_invsimpson_aov) 
#the above asks R to test for a relationship where arm explains scaled invsimpson (alpha diversity) 
# the p value for this was 0.135 so its telling us it does not. 
# If p<0.05 then could use Tukey's Honest Sig Diff test: TukeyHSD(diagnosis_shannon_aov) 
# but not in our case 
 
#If instead we used raw invsimpson data, use Kruskal-Wallis test 
kruskal.test(invsimpson~arm, data=meta_alpha) 
# the result was p=0.06829 Just over the sig level. 
 
#or with scaled data 
kruskal.test(scaled_invsimp~PrePost, data=meta_alpha) 
#gave same result as above 
#If it was under 0.05 then we could use pairwise Wilcoxon rank sum tests with correction for multiple comparisons.  
 
#to capture the p-value output 
result <- kruskal.test(invsimpson~PrePost, data=meta_alpha) 
result 
 
#To run t test for example on pre and post groups (note variable must have exactly levels) 
t.test(scaled_invsimp~PrePost, data=meta_alpha) 
# result was very similar 
 
# or try difference in mean for sex variable 
t.test(scaled_invsimp~sex, data=meta_alpha) 
 
# or try Wilcox test (data must have only 2 levels) 
wilcox.test(invsimpson~sex, data=meta_alpha) 
 
#Is #OTUs normally distributed? 
ggplot(meta_alpha, aes(sample=sobs, group=arm, color=arm)) + geom_qq() + stat_qq_line() 
 
meta_alpha <- mutate(meta_alpha, scaled_sobs=sobs^0.5) 
 
ggplot(meta_alpha, aes(sample=scaled_sobs, group=arm, color=arm)) + 
  geom_qq() + stat_qq_line() 
 
# or histograms 
ggplot(meta_alpha, aes(x=sobs)) + geom_histogram() 
ggplot(meta_alpha, aes(x=scaled_sobs)) + geom_histogram() 
 
# run aov test 
arm_sobs_aov <- aov(scaled_sobs~arm, data=meta_alpha) 
summary(arm_sobs_aov) 
 
# COMPARING MULTIPLE VARIABLES AT ONCE 
 
meta_alpha %>% 
  select(id, high_fibre, arm, PrePost) %>% 
  nest(data = -PrePost) %>% 
  mutate(tests = map(data, ~tidy(kruskal.test(high_fibre ~ arm, data=.x)))) %>% 
  unnest(cols=tests) %>% 
  select(-data) %>% 
  mutate(p.value.adj = p.adjust(p.value, method="BH")) 
 
#Test for correlations (Note must be continuour var) 
  cor.test(meta_alpha$invsimpson, meta_alpha$fibre_g) 
 
  # fit a regression line 
lm_invsimpson_fibre_g <- lm(invsimpson~fibre_g, data=meta_alpha) 
summary(lm_invsimpson_fibre_g) 
 
#see if it changes by arm 
lm_invsimpson_fibre_g <- lm(invsimpson~fibre_g + arm, data=meta_alpha) 
summary(lm_invsimpson_fibre_g) 
#answer no 
 
#For non-linear correlations 
cor.test(meta_alpha$invsimpson, meta_alpha$fat_g, method="spearman") 
 
cor.test(meta_alpha$invsimpson, meta_alpha$t_pro, method="spearman") 
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#get warning re cant compare p values with ties - happens bc multiple subjects have a value of 0 
 
#plot associations 
ggplot(meta_alpha, aes(x=fibre_g, y=invsimpson, color=arm)) + 
  geom_point() + 
  geom_smooth(method="lm") + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  labs(title="Is there a significant association between a person's Fibre (g) \nand their Inv Simpson diversity", 
       x="Body Mass Index (BMI)", 
       y="Inverse Simpson Diversity Index") + 
  theme_classic() 
 
#Is there a sig assoc bw # OTUs and total protein (g) and sex? 
lm_sobs_t_pro_sex <- lm(sobs~t_pro_g+sex, data=meta_alpha) 
summary(lm_sobs_t_pro_sex) 
 
ggplot(meta_alpha, aes(x=t_pro_g, y=sobs, color=sex)) + 
  geom_point() + 
  geom_smooth(method="lm", color="gray") + 
  scale_color_manual(name=NULL, 
                     values=c("lightgreen", "orange"), 
                     breaks=c("Female", "Male"), 
                     labels=c("Female", "Male")) + 
  labs(title="Is a significant association between a person's total protein and the number of OTUs in their feces", 
       x="Total Protein (g)", 
       y="Number of observed OTUs") + 
  theme_classic() 
 
#Discrete variable comparisons 
 
chisq.test(x=meta_alpha[["sex"]], y=meta_alpha[["allergies"]]) 
 
ggplot(meta_alpha, aes(x=sex, y=allergies)) + 
  geom_count() + 
  scale_x_discrete(name=NULL, 
                   breaks=c("Female", "Male"), 
                   labels=c("Female", "Male")) + 
  scale_y_discrete(name=NULL, 
                   breaks=c("Yes", "No"), 
                   labels=c("Yes", "No")) + 
  scale_size_continuous(name=NULL) + 
  labs(title="Is significant variation in the likelihood that men or women will have allergies", 
       x="sex", 
       y="allergies") + 
  theme_classic() 
 
#Write out meta-alpha file to excel for invs simpson raw data 
write.csv(meta_alpha, file = "AlphaDiversityAll.csv") 
 
## Plotting Inverse Simp for ginger vs. placebo: 
ggplot(meta_alpha, aes(x=PrePost, y=scaled_invsimp, color=arm, fill=arm)) + 
  geom_boxplot(alpha=0.3) + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  scale_fill_manual(name=NULL, 
                    values=c("blue", "red"), 
                    breaks=c("Placebo", "Ginger"), 
                    labels=c("Placebo", "Ginger")) + 
  scale_x_discrete(limits=c("Pre", "Post"), 
                   labels=c("Pre", "Post")) + 
  labs(title="Relationship between scaled inverse simpson, Arm and Timing", 
       x=NULL, 
       y="Scaled Inverse Simpson diversity index") + 
  theme_classic() 
 
#SESSION 9 - TAXONOMIC DIVERSITY - DRILLING DOWN INTO BACTERIAL SPECIES 
#create a df from the taxonomy file from mothur 
taxonomy <- 
read_tsv(file="stability.trim.contigs.good.unique.good.filter.unique.precluster.pick.pick.opti_mcc.0.03.cons.taxonomy") %>% 
  rename_all(tolower) %>% 



   
APPENDIX III: Chapter 6.3 Supplementary Materials 

   
 

  mutate(taxonomy=str_replace_all(string=taxonomy, pattern="\\(\\d*\\)", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern=";$", replacement="")) %>% 
  separate(taxonomy, into=c("kingdom", "phylum", "class", "order", "family", "genus"), sep=";") 
 
# the following code will return only the deepest taxonomic level  
read_tsv(file="stability.trim.contigs.good.unique.good.filter.unique.precluster.pick.pick.opti_mcc.0.03.cons.taxonomy") %>% 
  rename_all(tolower) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern="\\(\\d*\\)", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern="unclassified;", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern=";$", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern=".*;", replacement="")) 
 
# NOW create a box plot showing rel abundance of each phylum in each pt segregated by arm. 
 
# First get OTU data  (DO NOT CLICK ON THIS DF - IT IS VERY LARGE AND WILL CRASH R) 
otu_data <- read_tsv("stability.opti_mcc.0.03.subsample.shared", col_types=cols(Group=col_character())) %>% 
  select(-label, -numOtus) %>% 
  rename(sample=Group) %>% 
  pivot_longer(cols=-sample, names_to="otu", values_to="count") %>% 
  mutate(rel_abund=count/42012) 
# the next line was done after the pivot longer cmd only to get the min # otus then repeated with mutate 
otu_data %>% group_by(sample) %>% summarize(n=sum(count)) %>% summary() 
 
# The next code will combine otu_data and taxonomy dfs linked by the column called 'otu' 
source('code/Ginga_startup.R')  
 
agg_phylum_data <- inner_join(otu_data, taxonomy) %>% 
  group_by(sample, phylum) %>% 
  summarize(agg_rel_abund=sum(rel_abund)) %>% 
  inner_join(., metadata_J, by=c("sample"="id")) %>% 
  ungroup() 
 
###Write out agg-phylum_data file to excel for abundance of phylum 
write.csv(agg_phylum_data, file = "BetaDiversityPhylum.csv") 
 
#if wanting to use one arm only 
agg_phylum_data_ginger <- inner_join(otu_data, taxonomy) %>% 
  group_by(sample, phylum) %>% 
  summarize(agg_rel_abund=sum(rel_abund)) %>% 
  inner_join(., metadata_J_ginger, by=c("sample"="id")) %>% 
  ungroup() 
 
# group by phylum 
agg_phylum_data %>% 
  group_by(phylum) %>% 
  summarize(median=median(agg_rel_abund)) %>% 
  arrange((desc(median))) 
 
# group by phylum for ginger only 
agg_phylum_data_ginger %>% 
  group_by(phylum) %>% 
  summarize(median=median(agg_rel_abund)) %>% 
  arrange((desc(median))) 
 
# group by genus 
agg_genus_data %>% 
  group_by(genus) %>% 
  summarize(median=median(agg_rel_abund)) %>% 
  arrange((desc(median))) 
 
#spits out topi 5 
top_phyla <- agg_phylum_data %>% 
  group_by(phylum) %>% 
  summarize(median=median(agg_rel_abund)) %>% 
  arrange((desc(median))) %>% # keep this so that the phyla are sorted properly 
  top_n(5, median) %>% 
  pull(phylum) # use pull to convert the names from a data frame to a vector of names 
 
#For Ginger group only - spits out topi 5 
top_phyla <- agg_phylum_data_ginger %>% 
  group_by(phylum) %>% 
  summarize(median=median(agg_rel_abund)) %>% 
  arrange((desc(median))) %>% # keep this so that the phyla are sorted properly 
  top_n(5, median) %>% 
  pull(phylum) # use pull to convert the names from a data frame to a vector of names 
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#box plot on phylum 
agg_phylum_data_ginger %>% 
  filter(phylum %in% top_phyla) %>% 
  mutate(phylum=factor(phylum, levels=top_phyla)) %>% 
  ggplot(aes(x=phylum, y=agg_rel_abund, color=PrePost)) + 
  geom_boxplot() + 
  scale_color_manual(name=NULL, 
                                        values=c("blue", "red"), 
                                        breaks=c("Pre", "Post"), 
                                        labels=c("Pre", "Post")) + 
  labs(title="Looking for phylum-level differences between time periods for Ginger", 
       x=NULL, 
       y="Relative abundance") + 
  theme_classic() 
 
#Hypothesis Testing 
 
phylum_tests <- agg_phylum_data_ginger %>% 
  nest(sample_data = c(-phylum)) %>% 
  mutate(test=map(sample_data, ~tidy(kruskal.test(agg_rel_abund~PrePost, data=.)))) %>% 
  unnest(test) %>% 
  mutate(p.value.adj=p.adjust(p.value, method="BH")) %>% 
  arrange(p.value.adj) 
 
sig_phyla <- phylum_tests %>% 
  filter(p.value.adj <= 0.05) %>% 
  pull(phylum) 
 
#Activity 6 in Session 9 
deep_taxonomy <- 
read_tsv(file="stability.trim.contigs.good.unique.good.filter.unique.precluster.pick.pick.opti_mcc.0.03.cons.taxonomy") %>% 
  rename_all(tolower) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern="\\(\\d*\\)", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern="unclassified;", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern=";$", replacement="")) %>% 
  mutate(taxonomy=str_replace_all(string=taxonomy, pattern=".*;", replacement="")) 
 
agg_deep_data <- inner_join(otu_data, deep_taxonomy) %>% 
  group_by(sample, taxonomy) %>% 
  summarize(agg_rel_abund=sum(rel_abund)) %>% 
  inner_join(., metadata_J, by=c("sample"="id")) %>% 
  ungroup() #without this, the sample and phylum columns remain grouped 
 
deep_tests <- agg_deep_data %>% 
  nest(sample_data = c(-taxonomy)) %>% 
  mutate(test=map(sample_data, ~tidy(kruskal.test(agg_rel_abund~arm, data=.)))) %>% 
  unnest(test) %>% 
  mutate(p.value.adj=p.adjust(p.value, method="BH")) %>% 
  arrange(p.value.adj) 
 
sig_deep <- deep_tests %>% 
  filter(p.value.adj <= 0.05) %>% 
  pull(taxonomy) 
 
agg_deep_data %>% 
  filter(taxonomy %in% sig_deep) %>% 
  mutate(taxonomy=factor(taxonomy, levels=sig_deep)) %>% 
  mutate(agg_rel_abund=agg_rel_abund + 1/42012) %>% 
  ggplot(aes(x=taxonomy, y=agg_rel_abund, color=arm)) + 
  geom_boxplot() + 
  scale_color_manual(name=NULL, 
                     values=c("blue", "red"), 
                     breaks=c("Placebo", "Ginger"), 
                     labels=c("Placebo", "Ginger")) + 
  labs(title="Deep Taxonomy Ginger Vs Placebo", 
       x=NULL, 
       y="Relative abundance (%)") + 
  scale_y_log10(breaks=c(1e-4, 1e-3, 1e-2, 1e-1, 1), labels=c(1e-2, 1e-1, 1, 10, 100)) + 
  theme_classic() 
 
# Write out file with species 
write.csv(agg_deep_data, file = "BetaDiversityGenus.csv") 
 
#To get top genera 
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top_genus <- agg_deep_data %>% 
  group_by(taxonomy) %>% 
  summarize(mean=mean(agg_rel_abund)) %>% 
  arrange((desc(mean))) %>% # keep this so that the phyla are sorted properly 
  top_n(20, mean)%>% 
  pull(taxonomy) 
top_genus 
 
write.csv(taxonomy, file = "DeppTaxonomy.csv") 
 
write.csv(meta_alpha, file = "AlphaDiversity.csv")
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Statistical analysis of beta diversity 
 
library(vegan) 
library(patchwork) 
 
mytree <- read_tree("Gingadata.FastTree.tree") 
 
myphyseq <- phyloseq(otu_table(myphyseq), 
                     tax_table(myphyseq), 
                     sample_data(myphyseq), 
                     phy_tree(mytree)) 
 
## rarefy and Check number of seqs per sample after rarefaction 
myphyseqR <- rarefy_even_depth(myphyseq) 
sample_sums(myphyseqR)[1] 
 
# Adonis ---- 
## Bray-Curtis ---- 
## create distance matrix 
dist.bray = phyloseq::distance(myphyseqR, "bray") 
 
## get meta table to fix NA values 
meta.df <- as.data.frame(meta(myphyseqR))  
meta.df[meta.df == "NA"] <- NA 
 
## loop over all the vars in the metadata 
mypermanova <- list() 
for (i in colnames(meta.df)) { 
  form <- as.formula(paste("dist.bray", i, sep="~")) 
  mypermanova[[i]] <- adonis2(form, data = meta.df, permutations = 10000, na.action = na.omit) 
} 
 
results <- mypermanova 
names(results) <- colnames(meta.df) 
results <- do.call(rbind, results) 
 
results %>% 
  as.data.frame() %>% 
  rownames_to_column() %>% 
  write.table(file = "all_adonis.bc.tsv", sep = "\t", quote = F, row.names = F) 
 
results %>% 
  as.data.frame() %>% 
  rownames_to_column() %>% 
  filter(!str_detect(rowname, "Residual"), ! str_detect(rowname, "Total")) %>% 
  write.table(file = "all_adonis.bc.reduced.tsv", sep = "\t", quote = F, row.names = F) 
 
## Unifrac (Unweighted) ---- 
## create distance matrix 
dist.uf = phyloseq::distance(myphyseqR, "unifrac") 
 
## get meta table to fix NA values 
meta.df <- as.data.frame(meta(myphyseqR))  
meta.df[meta.df == "NA"] <- NA 
 
## loop over all the vars in the metadata 
mypermanova <- list() 
for (i in colnames(meta.df)) { 
  form <- as.formula(paste("dist.uf", i, sep="~")) 
  mypermanova[[i]] <- adonis2(form, data = meta.df, permutations = 10000, na.action = na.omit) 
} 
 
results <- mypermanova 
names(results) <- colnames(meta.df) 
results <- do.call(rbind, results) 
 
results %>% 
  as.data.frame() %>% 
  rownames_to_column() %>% 
  write.table(file = "all_adonis.unifrac.tsv", sep = "\t", quote = F, row.names = F) 
results %>% 
  as.data.frame() %>% 
  rownames_to_column() %>% 
  filter(!str_detect(rowname, "Residual"), ! str_detect(rowname, "Total")) %>% 
  write.table(file = "all_adonis.unifrac.reduced.tsv", sep = "\t", quote = F, row.names = F) 
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## Unifrac (Weighted) ---- 
## create distance matrix 
dist.wuf = phyloseq::distance(myphyseqR, "wunifrac") 
 
## get meta table to fix NA values 
meta.df <- as.data.frame(meta(myphyseqR))  
meta.df[meta.df == "NA"] <- NA 
 
## loop over all the vars in the metadata 
mypermanova <- list() 
for (i in colnames(meta.df)) { 
  form <- as.formula(paste("dist.wuf", i, sep="~")) 
  mypermanova[[i]] <- adonis2(form, data = meta.df, permutations = 10000, na.action = na.omit) 
} 
 
results <- mypermanova 
names(results) <- colnames(meta.df) 
results <- do.call(rbind, results) 
 
results %>% 
  as.data.frame() %>% 
  rownames_to_column() %>% 
  write.table(file = "all_adonis.wunifrac.tsv", sep = "\t", quote = F, row.names = F) 
 
results %>% 
  as.data.frame() %>% 
  rownames_to_column() %>% 
  filter(!str_detect(rowname, "Residual"), ! str_detect(rowname, "Total")) %>% 
  write.table(file = "all_adonis.wunifrac.reduced.tsv", sep = "\t", quote = F, row.names = F) 
 
# PCoA ---- 
prepostshapes <- c("Pre" = 22, 
               "Post" = 21) 
prepostcols <- c("Pre" = "#ff0000", 
             "Post" = "#0000ff") 
 
groupshapes <- c("Ginger" = 22, 
               "Placebo" = 21) 
groupcols <- c("Ginger" = "#ff0000", 
               "Placebo" = "#0000ff") 
 
theme_set(theme_bw()) 
## Bray-Curtis ---- 
 
ordi = ordinate(myphyseqR, method = "PCoA", distance = dist.bray) 
 
mypcoa.bc <- as.data.frame(ordi$vectors) #extract the components of the PCoA 
 
mypcoa.bc.ext <- cbind(meta(myphyseqR), mypcoa.bc) #join with the metadata 
 
### group ---- 
 
pcoa.bc.group <- 
  ggplot(data = mypcoa.bc.ext) + 
  geom_point(aes(x = Axis.1, y = Axis.2, group = group, fill = group, shape = group), 
             stroke = .25, size = .75, alpha = 0.5) + 
  stat_ellipse(aes(x = Axis.1, y = Axis.2, color = group, linetype = group), 
               type = "norm", size = .5, alpha = .8, show.legend = T) + 
  scale_discrete_manual(values = groupshapes, aesthetics = "shape") + 
  scale_discrete_manual(values = groupcols, aesthetics = "fill") + 
  ##this will print the % of variance explained by each component 
  labs(#title = "Bray-Curtis | PCoA", 
       x = paste("PC1 [", round(ordi$values$Relative_eig[1] * 100, 2), "%]", sep = ""), 
       y = paste("PC2 [", round(ordi$values$Relative_eig[2] * 100, 2), "%]", sep = ""), 
       fill = "group", shape = "group", colour = "group") + 
  guides(fill = guide_legend(override.aes=list(shape=c(22,21), linetype = 0), 
                             order = 1, title = "Group"), 
         linetype = "none", 
         color = "none", 
         shape = "none") + 
  theme(legend.position = "right", 
        legend.text = element_text(size = 10))  
pcoa.bc.group 
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### prepost ---- 
 
pcoa.bc.prepost <- 
  ggplot(data = mypcoa.bc.ext) + 
  geom_point(aes(x = Axis.1, y = Axis.2, group = prepost, fill = prepost, shape = prepost), 
             stroke = .25, size = .75, alpha = 0.5) + 
  stat_ellipse(aes(x = Axis.1, y = Axis.2, color = prepost, linetype = prepost), 
               type = "norm", size = .5, alpha = .8, show.legend = T) + 
  scale_discrete_manual(values = prepostshapes, aesthetics = "shape") + 
  scale_discrete_manual(values = prepostcols, aesthetics = "fill") + 
  ##this will print the % of variance explained by each component 
  labs(#title = "Bray-Curtis | PCoA", 
       x = paste("PC1 [", round(ordi$values$Relative_eig[1] * 100, 2), "%]", sep = ""), 
       y = paste("PC2 [", round(ordi$values$Relative_eig[2] * 100, 2), "%]", sep = ""), 
       fill = "prepost", shape = "prepost", colour = "prepost") + 
  guides(fill = guide_legend(override.aes=list(shape=c(22,21), linetype = 0), 
                             order = 1, title = "Pre/Post"), 
         linetype = "none", 
         color = "none", 
         shape = "none") + 
  theme(legend.position = "right", 
        legend.text = element_text(size = 10))  
pcoa.bc.prepost 
 
### join plots ---- 
 
(pcoa.bc.group + pcoa.bc.prepost )+ 
  plot_annotation(tag_levels = 'A') & 
  theme(axis.text = element_text(size = 4), 
        axis.text.x = element_text(angle = 0, hjust = 0.5), 
        axis.title = element_text(size = 4), 
        title = element_text(size = 5), 
        legend.direction = "horizontal", 
        legend.position = "bottom", 
        legend.key.size = unit(10, "mm"), 
        legend.key = element_rect(size = 5), 
        legend.spacing.y = unit(0.1, "mm"), 
        legend.margin=margin(t = -11, b = -10, l = 0), 
        legend.title = element_text(size = 5), 
        legend.text = element_text(size = 4, margin = margin(l = -10, r = -10))) 
 
ggsave("betadiv.bc.png", width = 90, height = 50, units = "mm") 
ggsave("betadiv.bc.svg", width = 90, height = 50, units = "mm") 
ggsave("betadiv.bc.pdf", width = 90, height = 50, units = "mm") 
 
## Unifrac (unweighted) ---- 
 
ordi = ordinate(myphyseqR, method = "PCoA", distance = dist.uf) 
 
mypcoa.uf <- as.data.frame(ordi$vectors) #extract the components of the PCoA 
 
mypcoa.uf.ext <- cbind(meta(myphyseqR), mypcoa.uf) #join with the metadata 
 
### group ---- 
 
pcoa.uf.group <- 
  ggplot(data = mypcoa.uf.ext) + 
  geom_point(aes(x = Axis.1, y = Axis.2, group = group, fill = group, shape = group), 
             stroke = .25, size = .75, alpha = 0.5) + 
  stat_ellipse(aes(x = Axis.1, y = Axis.2, color = group, linetype = group), 
               type = "norm", size = .5, alpha = .8, show.legend = T) + 
  scale_discrete_manual(values = groupshapes, aesthetics = "shape") + 
  scale_discrete_manual(values = groupcols, aesthetics = "fill") + 
  ##this will print the % of variance explained by each component 
  labs(#title = "Unifrac (unweighted) | PCoA", 
       x = paste("PC1 [", round(ordi$values$Relative_eig[1] * 100, 2), "%]", sep = ""), 
       y = paste("PC2 [", round(ordi$values$Relative_eig[2] * 100, 2), "%]", sep = ""), 
       fill = "group", shape = "group", colour = "group") + 
  guides(fill = guide_legend(override.aes=list(shape=c(22,21), linetype = 0), 
                             order = 1, title = "Group"), 
         linetype = "none", 
         color = "none", 
         shape = "none") + 
  theme(legend.position = "right", 
        legend.text = element_text(size = 10))  
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pcoa.uf.group 
 
### prepost ---- 
 
pcoa.uf.prepost <- 
  ggplot(data = mypcoa.uf.ext) + 
  geom_point(aes(x = Axis.1, y = Axis.2, group = prepost, fill = prepost, shape = prepost), 
             stroke = .25, size = .75, alpha = 0.5) + 
  stat_ellipse(aes(x = Axis.1, y = Axis.2, color = prepost, linetype = prepost), 
               type = "norm", size = .5, alpha = .8, show.legend = T) + 
  scale_discrete_manual(values = prepostshapes, aesthetics = "shape") + 
  scale_discrete_manual(values = prepostcols, aesthetics = "fill") + 
  ##this will print the % of variance explained by each component 
  labs(#title = "Unifrac (unweighted) | PCoA", 
       x = paste("PC1 [", round(ordi$values$Relative_eig[1] * 100, 2), "%]", sep = ""), 
       y = paste("PC2 [", round(ordi$values$Relative_eig[2] * 100, 2), "%]", sep = ""), 
       fill = "prepost", shape = "prepost", colour = "prepost") + 
  guides(fill = guide_legend(override.aes=list(shape=c(22,21), linetype = 0), 
                             order = 1, title = "Pre/Post"), 
         linetype = "none", 
         color = "none", 
         shape = "none") + 
  theme(legend.position = "right", 
        legend.text = element_text(size = 10))  
pcoa.uf.prepost 
 
### join plots ---- 
 
(pcoa.wuf.group + pcoa.wuf.prepost )+ 
  plot_annotation(tag_levels = 'A') & 
  theme(axis.text = element_text(size = 4), 
        axis.text.x = element_text(angle = 0, hjust = 0.5), 
        axis.title = element_text(size = 4), 
        title = element_text(size = 5), 
        legend.direction = "horizontal", 
        legend.position = "bottom", 
        legend.key.size = unit(10, "mm"), 
        legend.key = element_rect(size = 5), 
        legend.spacing.y = unit(0.1, "mm"), 
        legend.margin=margin(t = -11, b = -10, l = 0), 
        legend.title = element_text(size = 5), 
        legend.text = element_text(size = 4, margin = margin(l = -10, r = -10))) 
 
 
ggsave("betadiv.wuf.png", width = 90, height = 50, units = "mm") 
ggsave("betadiv.wuf.svg", width = 90, height = 50, units = "mm") 
ggsave("betadiv.wuf.pdf", width = 90, height = 50, units = "mm") 
 
## Unifrac (weighted) ---- 
 
ordi = ordinate(myphyseqR, method = "PCoA", distance = dist.wuf) 
 
mypcoa.wuf <- as.data.frame(ordi$vectors) #extract the components of the PCoA 
 
mypcoa.wuf.ext <- cbind(meta(myphyseqR), mypcoa.wuf) #join with the metadata 
 
### group ---- 
 
pcoa.wuf.group <- 
  ggplot(data = mypcoa.wuf.ext) + 
  geom_point(aes(x = Axis.1, y = Axis.2, group = group, fill = group, shape = group), 
             stroke = .25, size = .75, alpha = 0.5) + 
  stat_ellipse(aes(x = Axis.1, y = Axis.2, color = group, linetype = group), 
               type = "norm", size = .5, alpha = .8, show.legend = T) + 
  scale_discrete_manual(values = groupshapes, aesthetics = "shape") + 
  scale_discrete_manual(values = groupcols, aesthetics = "fill") + 
  ##this will print the % of variance explained by each component 
  labs(#title = "Unifrac (weighted) | PCoA", 
       x = paste("PC1 [", round(ordi$values$Relative_eig[1] * 100, 2), "%]", sep = ""), 
       y = paste("PC2 [", round(ordi$values$Relative_eig[2] * 100, 2), "%]", sep = ""), 
       fill = "group", shape = "group", colour = "group") + 
  guides(fill = guide_legend(override.aes=list(shape=c(22,21), linetype = 0), 
                             order = 1, title = "Group"), 
         linetype = "none", 
         color = "none", 
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         shape = "none") + 
  theme(legend.position = "right", 
        legend.text = element_text(size = 10))  
pcoa.wuf.group 
 
### prepost ---- 
 
pcoa.wuf.prepost <- 
  ggplot(data = mypcoa.wuf.ext) + 
  geom_point(aes(x = Axis.1, y = Axis.2, group = prepost, fill = prepost, shape = prepost), 
             stroke = .25, size = .75, alpha = 0.5) + 
  stat_ellipse(aes(x = Axis.1, y = Axis.2, color = prepost, linetype = prepost), 
               type = "norm", size = .5, alpha = .8, show.legend = T) + 
  scale_discrete_manual(values = prepostshapes, aesthetics = "shape") + 
  scale_discrete_manual(values = prepostcols, aesthetics = "fill") + 
  ##this will print the % of variance explained by each component 
  labs(#title = "Unifrac (weighted) | PCoA", 
       x = paste("PC1 [", round(ordi$values$Relative_eig[1] * 100, 2), "%]", sep = ""), 
       y = paste("PC2 [", round(ordi$values$Relative_eig[2] * 100, 2), "%]", sep = ""), 
       fill = "prepost", shape = "prepost", colour = "prepost") + 
  guides(fill = guide_legend(override.aes=list(shape=c(22,21), linetype = 0), 
                             order = 1, title = "Pre/Post", stroke = .25), 
         linetype = "none", 
         color = "none", 
         shape = "none") + 
  theme(legend.position = "right", 
        legend.text = element_text(size = 10)) 
pcoa.wuf.prepost 
 
### join plots ---- 
 
(pcoa.uf.group + pcoa.uf.prepost )+ 
  plot_annotation(tag_levels = 'A') & 
    theme(axis.text = element_text(size = 4), 
          axis.text.x = element_text(angle = 0, hjust = 0.5), 
          axis.title = element_text(size = 4), 
          title = element_text(size = 5), 
          legend.direction = "horizontal", 
          legend.position = "bottom", 
          legend.key.size = unit(10, "mm"), 
          legend.key = element_rect(size = 5), 
          legend.spacing.y = unit(0.1, "mm"), 
          legend.margin=margin(t = -11, b = -10, l = 0), 
          legend.title = element_text(size = 5), 
          legend.text = element_text(size = 4, margin = margin(l = -10, r = -10))) 
 
ggsave("betadiv.uf.png", width = 90, height = 50, units = "mm") 
ggsave("betadiv.uf.svg", width = 90, height = 50, units = "mm") 
ggsave("betadiv.uf.pdf", width = 90, height = 50, units = "mm") 
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Statistical analysis of differential abundance (ANCOM-BC) 
 
setwd("/home/xabi/Desktop/SBI_projects/megan_ginga") 
 
library(readxl) 
library(dplyr) 
library(tidyr) 
library(stringr) 
library(phyloseq) 
library(speedyseq) 
library(ANCOMBC) 
library(microbiome) 
library(tibble) 
library(ggplot2) 
library(doParallel) 
library(patchwork) 
library(forcats) 
library(svglite) 
 
#______________________________________________ 
#added by Anna - if using R V4.1 use this code to install ANCOMBC 
if (!require("BiocManager", quietly = TRUE)) 
  install.packages("BiocManager") 
 
BiocManager::install(version = "3.14") # this ensure correct BC version for R4.1 
BiocManager::install("ANCOMBC") 
BiocManager::install("phyloseq") 
BiocManager::install("speedyseq") 
 
#can also downloaded speedyseq directly from GITHUB using the following:- 
install.packages("remotes") 
remotes::install_github("mikemc/speedyseq") 
# 
#___________________________________________ 
 
#Xabier's fix for data mismatches 
dim(myotus) 
dim(mytaxonomy) 
dim(metadata) 
 
#------------------------------------------------------------ 
## otu table 
myotus <- read.table("Gingadata.opti_mcc.shared", 
                     sep = "\t", header = TRUE) 
myotus$label <- NULL 
myotus$numOtus <- NULL 
rownames(myotus) <- myotus$Group 
myotus$Group <- NULL 
 
## tax table 
mytaxonomy <- 
read.table("Gingadata.trim.contigs.good.unique.good.filter.unique.precluster.pick.pick.opti_mcc.0.03.cons.taxonomy", 
                         sep = "\t", header = TRUE, row.names = 1) 
mytaxonomy <- mytaxonomy %>% 
  select(-Size) %>% 
  separate(Taxonomy, ";", into = c("Domain", "Phylum", "Class", "Order", "Family", "Genus"), remove = TRUE ) %>% 
  mutate_all(~str_remove(., "\\(\\d+\\)$")) 
 
## meta 
metadata <-as.data.frame(read_excel("Ginga_metadata_final2.xlsx")) 
rownames(metadata) <- metadata$id 
metadata <- metadata %>% 
  mutate(prepost = ifelse(str_detect(id, "Swab"), "Post", "Pre")) 
metadata$id <- NULL 
 
#check dimensions of matrices 
dim(myotus) 
dim(mytaxonomy) 
dim(metadata) 
# ------------------------------------------------ 
# did above to create the data for the phyloseq object - skip down to line 272 
 
## make phyloseq object 
myphyseq <- phyloseq(otu_table(as.matrix(myotus), taxa_are_rows = FALSE), 
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                     tax_table(as.matrix(mytaxonomy)), 
                     sample_data(metadata)) 
myphyseq <- prune_taxa(taxa_sums(myphyseq) > 0, myphyseq) # remove any potential taxa with zero total counts 
 
## make phyloseq object  THIS IS TO REMOVE 'as.matrix' part suggested by Xabi to troubleshoot errors 
#myphyseq <- phyloseq(otu_table(myotus, taxa_are_rows = FALSE), 
#                     tax_table(mytaxonomy), 
#                     sample_data(metadata)) 
#myphyseq <- prune_taxa(taxa_sums(myphyseq) > 0, myphyseq) # remove any potential taxa with zero total counts 
 
## DEFINE COLORS ## 
phycols <- c( 
  "Bacteroidota" = "#66c2a5", 
  "Firmicutes" = "#fc8d62", 
  "Proteobacteria" = "#8da0cb" 
) 
 
# ANCOM-BC ---- 
## by "group" ---- 
### Genus level---- 
 
myphyseq.gen = aggregate_taxa(myphyseq, "Genus") 
out.gen = ancombc(phyloseq = myphyseq.gen, formula = "group",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "group", struc_zero = TRUE, neg_lb = FALSE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
 
res = out.gen$res 
res_global = out.gen$res_global 
 
###get bias-corrected abundances 
samp_frac = out.gen$samp_frac 
# Replace NA with 0 
samp_frac[is.na(samp_frac)] = 0  
 
# Add pesudo-count (1) to avoid taking the log of 0 
log_obs_abn = log(abundances(myphyseq.gen) + 1)  
# Adjust the log observed abundances 
log_obs_abn_adj = t(t(log_obs_abn) - samp_frac) 
 
log_obs_abn_adj <- as.data.frame(log_obs_abn_adj) 
log_obs_abn_adj$Genus = rownames(log_obs_abn_adj) 
 
metadata$id <- rownames(metadata) 
data4plot <- log_obs_abn_adj %>% 
  pivot_longer(!Genus, names_to = "id", values_to = "Log abundance") %>% 
  inner_join(metadata, by = "id") 
 
data4plot %>% 
  filter(Genus %in% (rownames(as.data.frame(res$diff_abn) %>% filter(groupPlacebo == TRUE)))) %>% 
ggplot() + 
  geom_boxplot(aes(x = group, y = `Log abundance`, fill = Genus)) + 
 # coord_cartesian(ylim = c(0,5)) + 
  theme(legend.position = "none") + 
  facet_wrap(.~Genus)  
 
 
summary.gen <- as_tibble(out.gen$res) 
# %>% 
#   rename(.keep = "unused", 
#          `beta$groupPlacebo` = ) 
colnames(summary.gen) <- c("beta", "se", "W", "p_val", "q_val", "diff_abn") 
summary.gen$Genus <- rownames(out.gen$res$beta) 
 
# summary.gen %>% 
#   ggplot(aes()) + 
#   geom_bar(orientation = x, aes(x = group, y = `Log abundance`, fill = Genus)) + 
#   coord_cartesian(ylim = c(0,5)) + 
#   theme(legend.position = "none") + 
#   facet_wrap(.~Genus, nrow = 2)  
 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
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  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, groupPlacebo, groupPlaceboSD) %>% 
  filter(groupPlacebo != 0) %>%  
  mutate(groupPlacebo = groupPlacebo * (-1)) %>% # it's taking Placebo as the test so we invert the sign of the LFC thus 
Ginger is + 
  arrange((groupPlacebo)) %>% 
  mutate(group = ifelse(groupPlacebo > 0, "g1", "g2")) %>% 
  left_join(as.data.frame(tax_table(myphyseq.gen)), by = c("taxon_id" = "unique")) 
 
##fix tax 
df_fig <- df_fig %>% 
  mutate(taxon_id = ifelse(taxon_id == "Incertae_Sedis", paste(Family, Genus), Genus), 
         taxon_id = str_replace_all(taxon_id, "_", " ")) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
p.gen.group = 
  ggplot(data = df_fig,  
         aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") +  
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change",  
       title = "Plot for the Treatment Effect") +  
  theme_bw() +  
  theme(legend.position = "right", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.gen.group 
 
### OTU level ---- 
mytaxtable <- as.data.frame(tax_table(myphyseq)) 
mytaxtable$OTU <- rownames(mytaxtable) 
out.noagg = ancombc(phyloseq = myphyseq, formula = "group",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "group", struc_zero = TRUE, neg_lb = FALSE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
res = out.noagg$res 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, groupPlacebo, groupPlaceboSD) %>% 
  filter(groupPlacebo != 0) %>%  
  mutate(groupPlacebo = groupPlacebo * (-1)) %>%# it's taking Placebo as the test so we invert the sign of the LFC thus 
Ginger is + 
  arrange((groupPlacebo)) %>% 
  mutate(group = ifelse(groupPlacebo > 0, "g1", "g2")) %>% 
  left_join(mytaxtable, by = c("taxon_id" = "OTU")) %>% 
  mutate(taxon_id = paste(Genus, "|", taxon_id)) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
p.noagg.group = 
  ggplot(data = df_fig,  
         aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") +  
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change",  
       title = "Plot for the Treatment Effect") +  
  theme_bw() +  
  theme(legend.position = "right", 
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        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.noagg.group 
 
### Family level ---- 
myphyseq.fam = aggregate_taxa(myphyseq, "Family") 
out.fam = ancombc(phyloseq = myphyseq.fam, formula = "group",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "group", struc_zero = TRUE, neg_lb = TRUE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
res = out.fam$res 
 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, groupPlacebo, groupPlaceboSD) %>% 
  filter(groupPlacebo != 0) %>%  
  mutate(groupPlacebo = groupPlacebo * (-1)) %>% 
  arrange((groupPlacebo)) %>% 
  mutate(group = ifelse(groupPlacebo > 0, "g1", "g2"))%>% 
  left_join(as.data.frame(tax_table(myphyseq.fam)), by = c("taxon_id" = "unique")) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
##fix tax adn order 
df_fig <- df_fig %>% 
  mutate(taxon_id = ifelse(taxon_id == "Bacilli_unclassified", "Unclassified Bacilli", Family)) %>% 
  arrange(groupPlacebo) %>% 
  mutate(taxon_id = factor(taxon_id, levels = unique(taxon_id))) 
 
p.fam.group = 
  ggplot(data = df_fig, 
         aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") +  
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change",  
       title = "Plot for the Treatment Effect") +  
  theme_bw() +  
  theme(legend.position = "right", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.fam.group 
 
## by pre/post ---- 
### Genus level---- 
#myphyseq.gen = aggregate_taxa(myphyseq, "Genus") 
out.gen = ancombc(phyloseq = myphyseq.gen, formula = "prepost",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "prepost", struc_zero = TRUE, neg_lb = FALSE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
 
res = out.gen$res 
res_global = out.gen$res_global 
 
###get bias-corrected abundances 
samp_frac = out.gen$samp_frac 
# Replace NA with 0 
samp_frac[is.na(samp_frac)] = 0  
 
# Add pesudo-count (1) to avoid taking the log of 0 
log_obs_abn = log(abundances(myphyseq.gen) + 1)  
# Adjust the log observed abundances 
log_obs_abn_adj = t(t(log_obs_abn) - samp_frac) 
 
log_obs_abn_adj <- as.data.frame(log_obs_abn_adj) 
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log_obs_abn_adj$Genus = rownames(log_obs_abn_adj) 
 
metadata$id <- rownames(metadata) 
data4plot <- log_obs_abn_adj %>% 
  pivot_longer(!Genus, names_to = "id", values_to = "Log abundance") %>% 
  inner_join(metadata, by = "id") 
 
summary.gen <- as_tibble(out.gen$res) 
colnames(summary.gen) <- c("beta", "se", "W", "p_val", "q_val", "diff_abn") 
summary.gen$Genus <- rownames(out.gen$res$beta) 
 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, prepostPre, prepostPreSD) %>% 
  filter(prepostPre != 0) %>%  
  mutate(prepostPre = prepostPre * (-1)) %>% # it's taking Placebo as the test so we invert the sign of the LFC thus Ginger is + 
  arrange((prepostPre)) %>% 
  mutate(group = ifelse(prepostPre > 0, "g1", "g2")) %>% 
  left_join(as.data.frame(tax_table(myphyseq.gen)), by = c("taxon_id" = "unique")) 
 
## NO SIGNIFICANT GENERA 
 
### OTU level ---- 
out.noagg = ancombc(phyloseq = myphyseq, formula = "prepost",  
                    p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                    group = "prepost", struc_zero = TRUE, neg_lb = FALSE, tol = 1e-5,  
                    max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
res = out.noagg$res 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, prepostPre, prepostPreSD) %>% 
  filter(prepostPre != 0) %>%  
  mutate(prepostPre = prepostPre * (-1)) %>%# it's taking Placebo as the test so we invert the sign of the LFC thus Ginger is + 
  arrange((prepostPre)) %>% 
  mutate(group = ifelse(prepostPre > 0, "g1", "g2")) %>% 
  left_join(mytaxtable, by = c("taxon_id" = "OTU")) %>% 
  mutate(taxon_id = paste(Genus, "|", taxon_id)) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
p.noagg.prepost = ggplot(data = df_fig, 
                       aes(x = taxon_id, y = prepostPre, fill = group, color = group)) + 
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = prepostPre - prepostPreSD, ymax = prepostPre + prepostPreSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") + 
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change", 
       title = "Plot for the Treatment Effect") + 
  theme_bw() + 
  theme(legend.position = "none", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.noagg.prepost 
 
### Family level ---- 
out.fam = ancombc(phyloseq = myphyseq.fam, formula = "prepost",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "prepost", struc_zero = TRUE, neg_lb = TRUE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
res = out.fam$res 
 
## extract significant LFC taxa 
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df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, prepostPre, prepostPreSD) %>% 
  filter(prepostPre != 0) %>%  
  mutate(prepostPre = prepostPre * (-1)) %>% 
  arrange((prepostPre)) %>% 
  mutate(group = ifelse(prepostPre > 0, "g1", "g2"))%>% 
  left_join(as.data.frame(tax_table(myphyseq.fam)), by = c("taxon_id" = "unique")) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
##fix tax adn order 
df_fig <- df_fig %>% 
  mutate(taxon_id = ifelse(taxon_id == "Bacilli_unclassified", "Unclassified Bacilli", Family)) %>% 
  arrange(prepostPre) %>% 
  mutate(taxon_id = factor(taxon_id, levels = unique(taxon_id))) 
 
p.fam.prepost = ggplot(data = df_fig, 
                     aes(x = taxon_id, y = prepostPre, fill = group, color = group)) + 
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = prepostPre - prepostPreSD, ymax = prepostPre + prepostPreSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") + 
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change", 
       title = "Plot for the Treatment Effect") + 
  theme_bw() + 
  theme(legend.position = "right", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.fam.prepost 
 
# to get the firmicute to bacteriodetes ratio 
phyl.df <- myphyseq %>% 
  speedyseq::tax_glom(taxrank = "Phylum") %>%                     # agglomerate at phylum level 
  transform_sample_counts(function(x) {x/sum(x)} ) %>% # Transform to rel. abundance 
  speedyseq::psmelt() %>%                                         # Melt to long format 
  select(Sample, group, Abundance, Phylum) %>% 
  pivot_wider(names_from = Phylum, values_from = Abundance) %>% 
  mutate(FBratio = Firmicutes / Bacteroidota)    
 
wilcox.test(FBratio ~ group, data = phyl.df) 
 
#write summary.gen df as .csv file 
summary.gen <- purrr::reduce(out.gen$res, data.frame) 
colnames(summary.gen) <- c("beta", "se", "W", "p_val", "q_val", "diff_abn") 
summary.gen$Genus <- rownames(out.gen$res$beta) 
summary.gen %>% 
  select(Genus, everything()) %>% 
  write.csv("test.csv", row.names = F) 
# 
# 
# 
#25Mar22 - From Xabi - How to create the phylogenic tree to do Beta Analays in R using Phyloseq 
# sent him the fasta, count table and list file from the get.oturep() cmd 
# he sent back this tree file generated using FastTree2 v2.1.10 under the GTR+gamma substitution method 
 
#import tree 
mytree <- read_tree("Gingadata.FastTree.tree") 
#include this tree in creation of phyloseq object by adding 'phy_tree(mytree)' inside the phyloseq() call 
 
myphyseq <- phyloseq(otu_table(myotus), tax_table(mytaxonomy), sample_data(metadata), phy_tree(mytree)) 
 
 
## by "group + prepost" ---- 
 
### OTU level ---- 
out.noagg = ancombc(phyloseq = myphyseq, formula = "group + prepost",  
                    p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
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                    group = "group", struc_zero = TRUE, neg_lb = FALSE, tol = 1e-5,  
                    max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
res = out.noagg$res 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, groupPlacebo, groupPlaceboSD) %>% 
  filter(groupPlacebo != 0) %>%  
  mutate(groupPlacebo = groupPlacebo * (-1)) %>%# it's taking Placebo as the test so we invert the sign of the LFC thus 
Ginger is + 
  arrange((groupPlacebo)) %>% 
  mutate(group = ifelse(groupPlacebo > 0, "g1", "g2")) %>% 
  left_join(mytaxtable, by = c("taxon_id" = "OTU")) %>% 
  mutate(taxon_id = paste(Genus, "|", taxon_id)) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
df_fig_noagg <- df_fig %>% mutate(level = "OTU") %>% select(level, everything()) 
 
p.noagg.groupprepost = 
  ggplot(data = df_fig, 
         aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") + 
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change", 
       title = "OTU") + 
  theme_bw() + 
  theme(legend.position = "right", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.noagg.groupprepost 
 
 
###Genus level---- 
 
#myphyseq.gen = aggregate_taxa(myphyseq, "Genus") 
out.gen = ancombc(phyloseq = myphyseq.gen, formula = "group + prepost",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "group", struc_zero = TRUE, neg_lb = FALSE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
 
res = out.gen$res 
res_global = out.gen$res_global 
 
###get bias-corrected abundances 
samp_frac = out.gen$samp_frac 
# Replace NA with 0 
samp_frac[is.na(samp_frac)] = 0  
 
# Add pesudo-count (1) to avoid taking the log of 0 
log_obs_abn = log(abundances(myphyseq.gen) + 1)  
# Adjust the log observed abundances 
log_obs_abn_adj = t(t(log_obs_abn) - samp_frac) 
 
log_obs_abn_adj <- as.data.frame(log_obs_abn_adj) 
log_obs_abn_adj$Genus = rownames(log_obs_abn_adj) 
 
metadata$id <- rownames(metadata) 
data4plot <- log_obs_abn_adj %>% 
  pivot_longer(!Genus, names_to = "id", values_to = "Log abundance") %>% 
  inner_join(metadata, by = "id") 
 
summary.gen <- as_tibble(out.gen$res) 
colnames(summary.gen) <- c("beta", "se", "W", "p_val", "q_val", "diff_abn") 
summary.gen$Genus <- rownames(out.gen$res$beta) 
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## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, groupPlacebo, groupPlaceboSD) %>% 
  filter(groupPlacebo != 0) %>%  
  mutate(groupPlacebo = groupPlacebo * (-1)) %>% # it's taking Placebo as the test so we invert the sign of the LFC thus 
Ginger is + 
  arrange((groupPlacebo)) %>% 
  mutate(group = ifelse(groupPlacebo > 0, "g1", "g2")) %>% 
  left_join(as.data.frame(tax_table(myphyseq.gen)), by = c("taxon_id" = "unique")) 
 
##fix tax 
df_fig <- df_fig %>% 
  mutate(taxon_id = ifelse(taxon_id == "Incertae_Sedis", "Ruminococcaceae\nincertae sedis", Genus), 
         taxon_id = str_replace_all(taxon_id, "_", " ")) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
df_fig_gen <- df_fig %>% mutate(level = "Genus") %>% select(level, everything()) 
 
p.gen.groupprepost = 
  ggplot(data = df_fig, 
         aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), width = 0.2, 
                position = position_dodge(0.05), color = "black") + 
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change", 
       title = "Genus") + 
  theme_bw() + 
  theme(legend.position = "right", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.gen.groupprepost 
 
### Family level---- 
out.fam = ancombc(phyloseq = myphyseq.fam, formula = "group + prepost",  
                  p_adj_method = "BH", zero_cut = 0.90, lib_cut = 1000,  
                  group = "group", struc_zero = TRUE, neg_lb = TRUE, tol = 1e-5,  
                  max_iter = 100, conserve = FALSE, alpha = 0.05, global = TRUE) 
res = out.fam$res 
 
## extract significant LFC taxa 
df_fig1 = data.frame(res$beta * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
df_fig2 = data.frame(res$se * res$diff_abn, check.names = FALSE) %>%  
  rownames_to_column("taxon_id") 
colnames(df_fig2)[-1] = paste0(colnames(df_fig2)[-1], "SD") 
df_fig = df_fig1 %>% left_join(df_fig2, by = "taxon_id") %>% 
  transmute(taxon_id, groupPlacebo, groupPlaceboSD) %>% 
  filter(groupPlacebo != 0) %>%  
  mutate(groupPlacebo = groupPlacebo * (-1)) %>% 
  arrange((groupPlacebo)) %>% 
  mutate(group = ifelse(groupPlacebo > 0, "g1", "g2"))%>% 
  left_join(as.data.frame(tax_table(myphyseq.fam)), by = c("taxon_id" = "unique")) 
 
df_fig$taxon_id = factor(df_fig$taxon_id, levels = df_fig$taxon_id) 
 
##fix tax adn order 
df_fig <- df_fig %>% 
  mutate(taxon_id = ifelse(taxon_id == "Bacilli_unclassified", "Unclassified Bacilli", Family)) %>% 
  arrange(groupPlacebo) %>% 
  mutate(taxon_id = factor(taxon_id, levels = unique(taxon_id))) 
 
df_fig_fam <- df_fig %>% mutate(level = "Family") %>% select(level, everything()) 
 
p.fam.groupprepost = 
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  ggplot(data = df_fig, 
         aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), 
                width = 0.2, position = position_dodge(0.05), color = "black") + 
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change", 
       title = "Family") + 
  theme_bw() + 
  theme(legend.position = "right", 
        plot.title = element_text(hjust = 0.5), 
        panel.grid.minor.y = element_blank(), 
        axis.text.x = element_text(angle = 60, hjust = 1)) 
p.fam.groupprepost 
 
### facet 
all.df_fig <- rbind(df_fig_noagg[,1:9], df_fig_gen[,1:9], df_fig_fam[,1:9]) %>% 
  mutate(level = fct_relevel(level, "OTU", "Genus", "Family")) 
 
ggplot(data = all.df_fig, 
       aes(x = taxon_id, y = groupPlacebo, fill = Phylum, color = Phylum)) +  
  geom_bar(stat = "identity", width = 0.7, orientation = "x", 
           position = position_dodge(width = 0.4), alpha = .7) + 
  geom_errorbar(aes(ymin = groupPlacebo - groupPlaceboSD, ymax = groupPlacebo + groupPlaceboSD), 
                width = 0.2, size = .3, position = position_dodge(0.05), color = "black") + 
  scale_discrete_manual(values = phycols, aesthetics = c("fill", "color"), 
                        guide = guide_legend(nrow = 1, title.position = "top", direction = "vertical")) + 
  coord_flip() + 
  labs(x = NULL, y = "Log fold change", x = "Taxa") + 
  theme_bw() + 
  theme(legend.position = "bottom", 
        legend.direction = "horizontal", 
        axis.text = element_text(size = 6), 
        axis.text.x = element_text(angle = 0, hjust = 0.5), 
        axis.title = element_text(size = 8), 
        title = element_text(size = 8), 
        legend.key.size = unit(3, "mm"), 
        legend.text = element_text(size = 6), 
        legend.margin=margin(t = -3,), 
        strip.text = element_text(size = 8), 
        panel.grid.minor.y = element_blank()) + 
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Table S3. Number and percentage of participants who used dietary supplements 

during the trial. 
 

 Ginger Group (n=28) 
Number that used (%) 

Placebo Group (n=22) 
Number that used (%) 

Any Supplement use 7 (25%) 8 (36%) 
Multivitamins 0 (0%) 3 (14%) 
B vitamins 4 (14%) 1 (5%) 
Vitamin C 1 (4%) 1 (5%) 
Protein powder 3 (11%) 1 (5%) 
Iron 1 (4%) 3 (14%) 
Zinc 1 (4%) 1 (5%) 
Evening Primrose 2 (7%) 0 (0%) 
Other   
- Hair and nail, turmeric, and/or 

magnesium 
2 (7%)  0 (0%) 

- Seaweed, saw palmetto 
berries, melatonin, 
tryptophan, and/or pre-
workout 

0 (0%) 3 (14%) 
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Table S4. Adverse events, classified according to the National Institute of Health 

Adverse Event and Serious Adverse Event Guidelines, reported by participants.  

 
Adverse event Incidence Severity Expectedness Relatedness 

Heartburn  n=5 (10%) 
- Ginger: n=5 (17%) 
- Placebo: n=0 (0%) 

Mild Expected Possibly 
related 

Firmer stool n=1 (2%) 
Ginger: n=1 (3%) 
Placebo: n=0 (0%) 

Mild Unexpected Possibly 
related 

Bloating  n=1 (2%) 
Ginger: n=0 (0%) 
Placebo: n=1 (5%) 

Mild Unexpected Possibly 
related 

Feeling unwell 
after ingesting 
the 
supplements 

n=1 (2%) 
Ginger: n=0 (0%) 
Placebo: n=1 (5%) 

Mild Unexpected Possibly 
related 

 

Severity: Mild (tolerable, transient symptoms, minor irritant, no interference with 

normal activities, symptoms do not require therapy); moderate (Low level of 

inconvenience, might interfere with normal activities and functioning, usually improved 

with simple therapeutic measures); or severe (interruption to normal activities, 

generally require systemic drug therapy, incapacitating). 

Expectedness: Expected (event known to be associated with the intervention) or 

unexpected (nature or severity of the event is not consistent with information about 

the intervention). 

Relatedness: Definitely related (event clearly related to the investigational 

agent/protocol), possibly related (event shows some consistency with the onset of the 

study procedure but could have been produced by a number of other factors), or not 

related (clearly not related to investigational agent/protocol and another cause of the 

event is plausible.  
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Table S5. Compliance to dietary and lifestyle factors during the run-in and intervention periods.  
 Run-in period (T0-T1) Intervention period (T1-T2) 

Outcome Within group  
Ginger 

Within group  
Placebo 

Between groups Within group  
Ginger 

Within group  
Placebo 

Between groups 

Body weight 
 

Self-reported no changes Self-reported no changes 

Physical Activity Self-reported no changes MD: 526.2, p=0.059 MD: 78.4, 
p=0.730 

MD: 450, p=0.252 

Sleep 
 

Self-reported no changes MD: 0.3, p=0.738 MD: 0.5, p=0.164 MD: 0.2, p=0.641 

Energy (kJ/day) Self-reported no dietary changes MD: 40.3, p=0.565 MD: -70.0, 
p=0.214 

MD: 110.2, 
p=0.333 

Fat (g/day) 
 

MD: 6.2, p=0.658 MD: 5.4, p=0.754 MD: 0.8, p=0.972 

Protein (g/day) MD: -3.2, p=0.768 MD: -19.9, 
p=0.388 

MD: 16.7, 
p=0.448 

Carbohydrate 
(g/day) 

MD: -8.9, p=0.235 MD: -11.2, p=530 MD: 3.1, p=0.848 

Dietary fiber (g/day) 
 

MD: -2.1, p=0.601 MD: -4.1, p=0.420 MD: 2.0, p=0.767 

Fluid (mL/day) MD: 68.1, p=0.820 MD: 122.1, 
p=0.865 

MD: -54.0, 
p=0.933 

Coffee or tea 
(serves per day) 

MD: 0.0, p=0.933 MD: 0.2, p=0.531 MD: 0.1, p=0.427 MD: 0.1, p=0.484 MD: 0.0, p=1.000 MD: 0.1, p=0.618 

Alcohol (standard 
drinks per day) 

MD: 0.0, p=1.000 MD: 0.1, p=0.922 MD: 0.0, p=0.932 MD: 0.0, p=0.902 MD: 0.0, p=1.000 MD: 0.0, p=0.929 

Average GSRS 
 

MD 0.1, p=0.407 MD 0.2, p=0.162 MD: -0.1, p=0.424 Assessed as secondary outcome 

 

GSRS: Gastrointestinal Symptom Rating Scale; MD: mean difference in change. 
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APPENDIX IV: THE EFFICACY OF GINGER FOR CHEMOTHERAPY-INDUCED 

NAUSEA AND VOMITING: A PROTOCOL PAPER  

The published protocol paper in Appendix IV outlines the methodology for the 

randomised controlled trial assessing the efficacy of a standardised ginger supplement 

for chemotherapy-induced nausea and vomiting presented in Chapter 5. This paper 

was co-authored and thus did not meet the requirements for inclusion in the thesis 

body.  

 

Marx W, McCarthy AL, Marshall S, Crichton M, Molassiotis A, Reid K, Bird R, 

Lohning A, Isenring E. Supplemental prophylactic intervention for chemotherapy-

induced nausea and emesis (SPICE) trial: Protocol for a multicentre double-blind 

placebo-controlled randomised trial. Nutrition and Dietetics, 2020. 77(1). DOI: 

10.1111/1747-0080.12446.  

Copyright © 2018 Dietitians Association of Australia.  

https://onlinelibrary.wiley.com/doi/10.1111/1747-0080.12446   

Reproduced with permission from Dietitians Association of Australia (Appendix I).
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APPENDIX V:  ADDITIONAL INFORMATION ABOUT 16S RRNA ANALYSIS 
 

Additional information about 16S rRNA analysis and outcomes pertaining to 

gastrointestinal bacteria is provided to aid in the understanding of the randomised 

controlled trial presented in Chapter 6.3. 



APPENDIX V: Additional 16S rRNA Analysis Information 
 

   
 

599 

Quantifying the gastrointestinal microbiota with 16s rRNA analysis 
 
Two main analytic methods exist to quantify gastrointestinal microbiota of faecal 

samples, those being next generation sequencing techniques including targeted 

amplicon sequencing (or 16S ribosomal RNA (16S rRNA)) and whole genome shotgun 

(WGS) sequencing (metagenomics) (1). Metagenomics, though considerably more 

costly, provides a means to determine the DNA sequence of an organism’s genome 

including all microbiota (bacteria, viruses, fungi, and protozoa). Additionally, this 

technique can provide functional and pathway information enabling inferences around 

physiological functions of the microbiota. 16S rRNA analysis is a convenient and 

powerful technique using the Illumina sequencing platform which targets bacteria only 

and is the most common technique to investigate the microbiome composition. In high-

throughput sequencing, PCR-amplified 16S sequences are clustered based on 

similarity into operational taxonomic units (OTUs). Representative OTU sequences 

can be compared with reference databases from which taxonomy can be inferred. 

Where there is 95% similarity sequences are inferred to be within the same genus 

while 97% similarity has inferred the same species (1-4). 16S rRNA analysis involves 

selection of suitable primers to amplify short sequences of the 16S rRNA gene present 

in all bacteria and archaea (1, 5).  There are nine regions of hypervariability in the 16S 

rRNA gene (V1-V9) and different primers are chosen to target one or more of these 

regions to investigate bacteria of interest (5) (Figure S1).  

 
Figure S1. Different regions of the 16S rRNA gene (V1-V9).  
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Outcomes pertaining to gastrointestinal bacteria 
 
In addition to quantifying the community composition and abundance of different 

bacteria, alpha and beta diversity are common measures of gastrointestinal bacteria. 

Alpha diversity considers the richness (number of taxa) and evenness (relative 

abundance of taxa) within a sample, while beta diversity represents the variability in 

bacteria community composition between samples (6, 7). Figure S2 from Finotello et 

al. (8) provides examples of alpha and beta diversity, whereby higher diversity is more 

beneficial. Alpha diversity measures include Shannon index or Inverse Simpson 

diversity. Beta-diversity metrics include Bray-Curtis dissimilarity index (based on 

occurrence/abundance), Jaccard (based on presence/absence) and Unifrac 

(phylogeny-based) (6, 7). 

 
Figure S2. Explanation of alpha diversity (species in each sample) and beta diversity 

(species shared by pairs of samples) from Finotello et al. (8). Sample 2 has a lower 

number and less even spread of bacteria species in comparison the Samples 1 and 3; 

therefore, Sample 2 has lower alpha diversity. The matching components between the 

three samples can also be compared, referring to beta diversity. Samples 1 and 2 

have higher beta diversity as they have few species in common and many unique 

species, whereas Samples 1 and 3 have lower beta diversity due to having many 

shared species and only one unique species each.  
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APPENDIX VI:  SUMMARY OF COLLABORATION WITH WATERS 

INTERNATIONAL FOOD AND WATER RESEARCH CENTRE 
 

A research collaborative agreement was formed with the Waters International Food 

and Water Research Centre in Singapore to analyse the composition of four ginger 

samples using a novel compact mass spectrometer RADIAN ASAP (Rapid Direct 

Analysis Atmospheric Pressure Solids Analysis Probe) method. The four samples 

were 1). fresh Queensland ginger, 2). brined early harvest Queensland ginger, 3). 

‘naked’ ginger and 4). syrup ginger. Samples were provided by Buderim Ginger 

Limited, Australia’s leading processor and vendor of ginger and ginger-containing 

products. Results indicated that the RADIAN ASAP method was feasible for the 

analysis of ginger and offers the potential to look at different ginger varieties and 

monitor the changes in the active constituents of ginger samples during the 

manufacturing process.  
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