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Abstract

Allergic rhinitis is a chronic inflammatory condition caused by an exaggerated response of
the immune system to common allergens. Most pharmacological therapies tend to be
palliative and in some cases are associated with adverse effects. There is a growing tendency
for people to self-medicate with health supplements as they are generally considered safe,
however clinical studies relating to their efficacy and safety are limited. This mixed-methods
systematic review aims to synthesise the available evidence relating to the treatment of
allergic rhinitis with a variety of health supplements. A total of 57 062 articles were derived
from searching seven online databases and evidence from 48 RCTs and 10 observational
studies were reviewed for methodological quality and risk of bias. No qualitative studies
meeting the inclusion criteria could be found, therefore only a quantitative review was
performed. Promising evidence for the following single supplements were found: apple
polyphenols, tomato extract, spirulina, chlorophyll c2, honey, conjugated linoleic acid, MSM,
isoquercitrin, vitamins C, D and E, as well as probiotics. Combination formulas may also be
beneficial, particularly specific probiotic complexes, a mixture of vitamin D3, quercetin and
Perilla frutescens, as well as the combination of vitamin D3 and L. reuteri. Owing to the
paucity of good quality evidence, recommendations pertaining to the use of health
supplements for allergic rhinitis should involve a shared decision-making process between
the healthcare provider and the patient, taking into account their efficacy, safety and cost.
Further good quality clinical studies and qualitative research would further our understanding
of the role these health supplements may play in future treatment protocols.

Keywords: health supplements, hay fever, allergic rhinitis, mixed-methods systematic review

1. Introduction
Allergic rhinitis is a common condition affecting around 20-30% of adults and up to 40% of
children worldwide. Characteristic symptoms of this condition include sneezing, rhinorrhoea,
nasal congestion and nasal pruritus. While not considered to be life threatening, this condition
has a significant impact on quality of life, and is linked to increased rates of absenteeism
from work and school, poor cognitive performance and rising healthcare costs. Conventional
treatment options include a variety of pharmacotherapy options, such as antihistamines,
corticosteroids and decongestants, which tend to be palliative and may be associated with
adverse effects. Specific immunotherapy (SIT) is considered a viable option in the long-term
management of allergic rhinitis, as it has a modulating effect on the immune system, however
it can be costly and time-consuming [1]. Health supplements have a nutritional physiological
effect on the body and may be used to supplement the person’s diet; they include probiotics
and prebiotics, vitamins, minerals, amino acids, animal extracts, fatty acids, carotenoids,
bioflavonoids, and enzymes [2]. Easy access, relatively low cost, dissatisfaction with
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conventional treatment and a desire to have control over their own healthcare are just some of
the reasons why people may choose to self-medicate with health supplements for their
chronic conditions [3,4]. This mixed-methods systematic review aims to provide a
comprehensive synthesis of the evidence relating to the treatment of allergic rhinitis with a
variety of health supplements.

2. Materials and Methods

2.1 Study Procedure

The mixed-methods systematic review was conducted according to the guidelines stated in
the Joanna Briggs Institute (JBI) Reviewers’ Manual [5], and was accomplished using the
segregated methodology described by Sandelowski et al. [6], whereby individual, single
method reviews were conducted according to the type of evidence, and the findings then
combined in a ‘mixed-methods’ synthesis.

2.2 Inclusion and exclusion criteria

Published research evaluating the treatment of allergic rhinitis using health supplements were
considered eligible. Randomised controlled trials (RCTs), non-controlled trials (cohort, case
reports, case-control and case series studies) and qualitative studies were included. Clinical
studies comparing these interventions with placebo and/or conventional treatment were
considered. Studies where conventional medicines were allowed as ‘rescue medication” were
also eligible for inclusion. Filters for date and language were not applied.

2.3 Types of participants
Participants of all age groups suffering from acute and/or chronic allergic rhinitis, whether
previously diagnosed or included based on presenting symptoms and history.

2.4 Types of interventions

Health supplements administered orally as either liquid, tablets, capsules or powders, or
through nasal inhalation, or intravenously, as either a single medicine or combination
product.

2.5 Outcome measures

Primary outcomes included: an improvement (severity and/or duration) of condition-specific
symptoms recorded in validated questionnaires, e.g. a symptom diary, visual analogue scales
(VAS), quality of life (QoL) scales, or individual symptom scores. Secondary outcomes
included: adverse events/aggravations requiring conventional ‘rescue’ medication (frequency
and quantity), and objective measures (peak nasal inspiratory flow rate (PNIF), the
appearance of nasal mucosa, immunoglobulin E (IgE) levels and other allergy and
inflammatory serum or nasal markers).

2.6 Sources of information

Published journal articles were sourced from seven online databases, namely PubMed,
Science Direct, Springer Link, Scopus, Academic Search Complete, MEDLINE, and
CINAHL. A final search update was performed on the 1* of December 2018.

2.7 Search strategy

The search strategy included free text and MeSH terms, and combinations of these (A + B)
were used to conduct the online search (Table 1). Lastly, additional studies were identified
from the reference lists of previously found articles.
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2.8 Assessment of methodological quality

After duplicate studies were excluded, potentially relevant studies were identified based on
their title and abstract. Full-text articles were assessed independently by two reviewers for
eligibility, methodological quality, reliability and validity prior to inclusion into the review
using the Mixed-Methods Appraisal Tool (MMAT). The MMAT consists of five sections,
each relating to a specific study type (qualitative, RCTs, non-randomised studies, descriptive
and mixed-methods studies). Each study was rated using descriptors and the criteria used to
determine the score varies by design. The overall methodological quality score is calculated
as a percentage [7]. Risk of bias was assessed in RCTs by means of the Cochrane
Collaboration’s tool [8]. The risk of bias tool covers six domains of bias, namely selection
bias, performance bias, detection bias, attrition bias, reporting bias, and ‘other’ sources of
bias. Within each domain, the risk of bias was rated as low, high or unclear. The RTI item
bank was used to assess the quality of observational studies (case-control, case series/reports
and cohort studies), and consists of 13 items that assess the risk of bias and confounding [9].
In order to establish confidence in the findings of the qualitative studies, the ConQual
approach was utilised, which assesses quality based on the dependability and credibility of
the findings [10].

2.9 Data extraction and synthesis

Data extraction forms [5, 11] were used to systematically extract study data, including the
year of publication, author, setting, population/sample, the aim, study design/methodology,
analysis, findings, limitations and conclusions. Information on outcome measures from
quantitative studies and the author-derived themes from qualitative studies were extracted. A
mixed-methods synthesis was conducted, where all studies were first synthesised according
to their design (that is, qualitative versus quantitative), followed by an overarching synthesis
across methodologies [11]. For the quantitative synthesis, the number and quality of studies
regarding each condition were assessed, and common associations between studies were
summarised as themes. The data were collected and graphically represented via tables.

For the qualitative studies, a thematic synthesis was conducted, which involved an iterative
process of the coding of text; the development of descriptive themes; and the generation of
analytical themes which formed the conclusions. Finally, an aggregative mixed-methods
synthesis was conducted whereby the quantitative synthesis was converted into qualitative
themes, and these were combined with the findings of the initial qualitative synthesis [5].

3. Results

A total of 57 062 articles were derived from the search strategy (Table 2), and after duplicate
records were removed and the articles evaluated for relevance, 48 RCTs and 10 observational
studies were included in the review (Figure 1). No qualitative studies meeting the inclusion
criteria could be found, therefore only the quantitative review was conducted.

The studies were methodologically heterogeneous, making use of a variety of means of
implementing treatment strategies and assessing clinical outcomes. The results of these
studies are summarised in Table 3 and the MMAT and risk of bias results are presented in
Tables 4 and 5. The majority of these studies investigated the effects of single health
supplement preparations, while combination formulas were investigated in nine studies.
Fourteen studies received a 100% MMAT rating, indicating good methodological quality.
While eight RCTS and two observational studies received a high risk of bias rating, a low
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risk of bias rating was awarded to six RCTs and five observational studies. The remaining
studies were deemed to have an unclear risk of bias. Rater agreement was 85.1% between the
two reviewers, and a third reviewer was consulted when necessary to resolve disagreements.

3.1 Synthesis of related studies

Apple polyphenols

Apples are a rich source of polyphenols, most notably flavan-3-ols, hydroxycinnamic acids,
flavonols, dihydrochalcones and anthocyanidins. Apple polyphenols have various
physiological functions and pre-clinical studies have demonstrated its anti-allergic effects,
primarily through its ability to inhibit the release of histamine from mast cells and basophils
[13, 70, 71]. Enomoto et al. [12] conducted a four-week RCT to investigate the effect of a
drink containing apple polyphenols (50mg or 200mg daily) on the clinical symptoms of
patients with persistent allergic rhinitis. Significant improvements in nasal symptoms and
signs occurred, particularly sneezing attacks, nasal discharge and swelling of the nasal
turbinates. Only minor adverse effects were noted. The study by Kishi et al. [13] further
supports these findings. In this study, patients with Japanese cedar pollinosis who consumed
500mg of apple polyphenols before and during the pollen season were shown to have a
significant reduction in sneezing attacks.

Chlorophyll c2

Sargassum horneri (S. horneri) is a brown macroalgae that is a rich source in the chlorophyll
derivative, chlorophyll c2, as well as other active compounds such as polyphenols,
flavonoids, terpenoids, sterols, and sulfated polysaccharides. These compounds exhibit
diverse biological activities particularly anti-allergic, anti-inflammatory and antioxidant
effects [72]. Pre-clinical studies have demonstrated that S. horneri inhibits degranulation of
mast cells and basophils and reduces nasal symptoms in allergy-induced mice [73]; however
human clinical studies are limited. Fujiwara et al. [14] conducted a twelve-week RCT which
showed that use of chlorophyll c2 extract significantly reduces the need for ‘rescue’
medications such as antihistamines, in adults with allergic rhinitis. Although this study
received a high risk of bias rating due to a high attrition rate, it received a low rating in all
other domains.

Conjugated linoleic acid (CLA)

CLAs are naturally occurring fatty acids derived from fatty tissues of ruminant animals. Most
commercially available CLAs are however produced by the alkaline isomerization of plant
oils, such as sunflower oil, and tend to contain a mixture of 9- and 10-CLAs as well as other
CLA isomers. Animal studies have demonstrated that CLA has immune-modulating effects,
with the ability to affect both humoral and cellular immune responses, indicating that it may
be of benefit in allergic conditions [74]. Only one clinical study could be found relating to its
use for allergic rhinitis, which demonstrated that consuming CLA before and during the birch
pollen season improves sneezing and induces a feeling of wellbeing in patients. It also
appears to produce modest anti-inflammatory effects, reducing specific inflammatory and
allergy markers [15].

Honey

Honey has been used as a medicine since ancient times, and remains a popular food
worldwide. Its nutritional composition is affected by several factors such as floral source,
geographical location and season; however its main constituents include sugars, vitamins,
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minerals, amino acids, proteins, enzymes, organic acids, volatile substances, and
polyphenols. Honey’s many health properties include antioxidant, anti-inflammatory and
immune-modulating effects [75], however there is contradictory evidence regarding its use
for the treatment of allergic rhinitis. Rajan et al. [17] showed that consuming one tablespoon
of either unpasteurised or pasteurised honey daily was not beneficial in reducing nasal
symptoms, while more recently Asha’ari et al. [16] demonstrated that honey actually further
improves allergic rhinitis symptoms when used as an adjunct to loratadine rather than the use
of the antihistamine alone. Also, Saarinen et al. [18] showed that patients with birch pollen
allergy who consumed honey containing birch pollen prior to the onset of the pollen season,
had positive clinical changes, namely a significant improvement in symptoms and reduction
in the use of antihistamines. Both Rajan et al [17] and Saarinen et al. [18] received a high risk
of bias rating; the former due to a high attrition rate and the latter as it was a single-blinded
trial design.

Isoquercitrin

Quercetin supplements are widely used for their various health benefits and have been known
to have anti-inflammatory and anti-allergic properties. Despite its poor bioavailability, pre-
clinical studies have shown that this flavonoid has the ability to suppress mast cell activation,
inhibiting the release of several inflammatory and allergy-related chemical mediators, such as
histamine, leukotrienes and prostaglandins. Quercetin glucosides such as isoquercitrin have
been shown to exhibit similar therapeutic effects in vivo as quercetin itself, and appear to
have better bioavailability [76]. Both Hirano et al. [19] and Kawai et al. [20] performed
clinical studies assessing the effect of enzymatically modified isoquercitrin on patients with
Japanese cedar pollinosis. Significant improvements in ocular symptoms and certain
inflammatory markers were found in both studies, however little difference in nasal
symptoms occurred.

Methylsulfonylmethane (MSM)

MSM is a naturally occurring organosulfur compound whose anti-inflammatory properties
have been validated in both in vitro and in vivo studies. MSM is well-tolerated in dosages of
up to 4g a day in adults, with few adverse effects being reported [77]. Clinical studies relating
to its efficacy for allergic rhinitis are however limited. Barrager et al. [21] conducted a multi-
centre observational study which showed that use of 2,6g daily for one month significantly
reduces symptoms of seasonal allergic rhinitis, while the clinical trial by Hewlings and
Kalman [22] demonstrated that a daily dose of 3g for two weeks appears most effective in
relieving rhinitis symptoms and nasal obstruction. The study by Barrager et al. [21] received
100% rating on the MMAT and a low risk of bias rating.
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Probiotics

Commercially available probiotics are sold worldwide and usually contain one or more
beneficial bacterial genera, such as Lactobacillus, Bifidobacteria or Bacillus; yeast strains
such as those of the Saccharomyces genus have also demonstrated health promoting effects.
Probiotic micro-organisms play a significant role in balancing the gut microbiome, which in
turn promotes immunological tolerance in allergic-related conditions [78]. Various different
types of probiotics have been investigated as a treatment option for allergic rhinitis, and will
be discussed according to bacterial genus.

Bacillus: The addition of Bacillus claussi (B. claussi) to antihistamine treatment was shown
to significantly reduce nasal eosinophils and the need for antihistamines in children [24].

Bifidobacteria: Use of Bifidobacterium longum (B. longum) strain BB536 was shown to
improve ocular symptoms and reduce the need for ‘rescue’ medication in patients with
Japanese cedar pollinosis in three separate trials [51-53], one of which received a low risk of
bias rating [51]. Another study showed that the probiotic B. lactis NCC2818 significantly
lowers nasal symptom scores, IL-5 and IL-13, as well as percentages of activated CD63
expressing basophils in patients with seasonal allergic rhinitis [45].

Clostridium: In a twelve-month RCT, six-month use of Clostridium butyricum (C. butyricum)
was found to enhance the efficacy of specific immunotherapy (SIT) for house dust mite-
sensitive patients, reducing nasal symptoms, the need for ‘rescue’ medication, and
modulating serum allergy markers. This effect was maintained in the six-month observation
period [54].

Enterococcus: In one good quality observational study with a low risk of bias, lysed
Enterococcus faecalis (E. faecalis) FK-23 use significantly reduced nasal symptoms, signs
and serum eosinophils in house dust mite-sensitive patients [44].

Escherichia: One RCT showed that use of Escherichia coli strain Nissle 1917 for six months
was not superior to placebo in relieving symptoms of allergic rhinitis [27].

Lactococcus: Supplementation with Lactococcus lactis subsp. cremoris YRC3780 (1g, 0.1g
or 0.01g) for a period of twelve weeks has a tendency to decrease the need for ‘rescue’
medication and thymus- and activation-regulated chemokine (TARC) levels in patients with
birch pollinosis [47].

Lactobacillus: Several studies relating to the use of Lactobacillus (L.) strains have been
conducted, many with positive findings. In one study, consumption of milk fermented with L.
acidophilus 1.-92 was shown to improve the symptoms of Japanese cedar pollinosis and
reduce the need for ‘rescue’ medications [29], while L. johnsonii EM1 use in combination
with levocetirizine proved more effective than the antihistamine alone in relieving symptoms
in children; this amelioration continued for at least three months after discontinuation of the
probiotic [36]. Both these studies received a high risk of bias rating due to insufficient
blinding in their study designs. Seven studies investigated the effects of L. paracasei
specifically. In 2004, Wang et al. [48] reported that children sensitised to house dust mite
who consumed yogurt containing live L. paracasei-33 (LP-33) for one month had a
significantly improved quality of life. Similar results were shown for heat-killed LP-33 [42].
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Costa et al. [25] showed that LP-33 use for seven weeks produced a significant improvement
in quality of life and ocular symptoms in patients sensitive to grass pollen, who were using an
oral antihistamine (loratadine), while the L. paracasei strain KW3110 also appears to have
some benefits in improving rhinitis control in patients allergic to cedar pollen [55]. In another
study, four-week consumption of L. paracasei ST11-fermented milk resulted in significantly
lower nasal congestion and pruritus scores after a nasal provocation test, and down-regulated
IL-5 and allergen-specific IgG4 in grass pollen-sensitive patients [49].

Nagata et al. [38] performed two six-week RCTs on female students allergic to Japanese
cedar pollen and found that L. plantarum LP14 taken daily significantly improves ocular
symptoms and induces the gene expression of Thl-type cytokines. Similarly, consumption of
L. plantarum YIT 0132 also significantly improves symptoms, quality of life and reduces
eosinophils in patients with Japanese cedar pollinosis [28]. This study received a high risk of
bias due to its single-blinded design. Lastly, one good quality RCT showed that L. salivarius
PM-A0006 taken for twelve weeks significantly reduces allergic rhinitis symptoms and
‘rescue’ medication use in children with perennial allergic rhinitis [34].

Despite these positive results, several Lactobacillus-related studies did not show statistically
significant results. Use of L. casei Shirota failed to provide clinical benefit to seasonal
allergic rhinitis sufferers [30, 46], while L. rhamnosus use for twelve weeks does not appear
to further improve symptoms in children [31]. Lastly, L. paracasei strain NCC 2461 and
HF.A00232 do not provide additional therapeutic benefits to patients using conventional
treatment, however the latter strain may continue to induce improvements in symptoms after
discontinuation of antihistamine therapy [35, 39].

Tetragenococcus: Consumption of Tetragenococcus halophilus (T. halophilus) Th221 in a
daily dose of either 20.4mg or 60mg for eight weeks does not appear to produce a significant
therapeutic benefit, however participants receiving the higher dose in this trial showed trends
for improvement over time [40].

Probiotic complex: Probiotic supplements found on the market typically consist of a
combination of two or more bacterial genera or strains. A number of good quality, low risk
of bias studies relating to specific complexes were found. The probiotic complex containing
L. acidophilus NCFM (ATCC 700396) and B. lactis BI-04 (ATCC SD5219) was shown to
reduce nasal eosinophilia and modulate rhinitis symptoms [41]. Perrin et al. [43] however
found that use of L. paracasei NCC2461 on its own produced superior results to a blend of L.
acidophilus ATCC SD5221 and B. lactis ATCC SD5219 in a crossover trial; while no effect
was observed on nasal congestion, four weeks of treatment with NCC2461 was shown to
significantly decrease nasal pruritus, reduce nasal leukocytes and IL-5, and enhance serum
IL-5, IL-13 and IL-10 levels. In the RCT by Dennis-Wall et al. [26], daily use of a complex
of L. gasseri KS-13, B. bifidum G9-1, and B. longum MM-2 for eight weeks was shown to
significantly improve rhinoconjunctivitis-specific quality of life during the allergy season,
while the combination of B. bifidum W23, L. acidophilus W55, L. casei W56, L. salivarius
W57, and L. lactis W58 was shown to significantly improve symptoms and quality of life
when taken over a two-month period [50]. In a RCT by Kawase et al. [32], the complex of
Lactobacillus GG and L. gasseri TMC0356 taken daily for ten weeks, significantly improved
nasal obstruction, reduced the need for ‘rescue’ medication and modulated cytokine
production.
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In another RCT, consumption of yoghurt fortified with L. rhamnosus GR-1 and B.
adolescentis 70007-05 had little clinical benefit; it did however produce potentially desirable
effects on the cytokine profile [33]. In a four-month observational study, use of dietary
yoghurt containing L. acidophilus and Bifidobacterium improved muco-ciliary transport time
and symptom scores, highlighting its potential benefits for allergic rhinitis sufferers [23]. The
latter two studies received an unclear risk of bias due to insufficient methodological
reporting.

Spirulina

Spirulina (Arthrospira platensis) is a microscopic filamentous cyanobacterium extensively
consumed as a health supplement for its nutritional content and health promoting benefits. It
contains essential amino acids, minerals, essential fatty acids, vitamins, and carotenoids.
Spirulina has been shown to modulate the immune system by inhibiting the release of
histamine from mast cells and lowering cytokine IL-4 levels, however there is a paucity of
human clinical trials [79, 80]. In a six-month RCT by Cingi et al. [56], daily consumption of
spirulina tablets for six months was shown to improve both symptoms and signs of allergic
rhinitis, with positive patient feedback received regarding perceived effectiveness and
satisfaction with treatment.

Tomato extract

The tomato fruit of the Solanaceae family is a popular food source worldwide. It is rich in
bioactive compounds, most notably carotenoids (lycopene, -carotene and lutein), vitamins
and phenolic compounds (flavonoids, phenolic acids and tannins), to which its antioxidant
and anti-inflammatory properties are attributed [81]. Studies on the use of tomato extract in
the treatment of allergic rhinitis are limited however promising results were found in one
RCT, which showed its potential to significantly decrease nasal symptoms and improve
quality of life of patients allergic to house dust mite [57].

Vitamin C

Vitamin C, also known as ascorbic acid, is a water-soluble antioxidant with immune-
modulating effects. Allergy sufferers tend to produce a variety of reactive oxygen species
(ROS) from the cells lining the airways, resulting in a weakened antioxidant defence
mechanism and pathological inflammatory changes of the nasal mucosa. These changes
include lipid peroxidation, heightened sensitivity and reactivity of the mucosa, production of
chemoattractant molecules, and increased vascular permeability [82]. It is therefore possible
that supplementing with antioxidants may provide clinical benefits to allergic rhinitis
sufferers, and epidemiological studies have shown that increased intake of vitamin C is
associated with fewer symptoms in children [83, 84]. Case studies conducted in the 1940s
provided conflicting anecdotal evidence regarding the use of oral vitamin C in the treatment
of allergic rhinitis [58, 59, 61], two of which received a high risk of bias rating as they failed
to report on adverse effects [58, 59]. More recently, an RCT conducted by Podoshin et al.
[60] showed that two-week use of nasal applications of ascorbic acid reduces nasal oedema,
mucous secretions and nasal obstruction, while Vollbracht et al. [62] demonstrated that high
doses of intravenous vitamin C had positive clinical benefits for patients with both acute and
chronic allergic rhinitis. The study by Vollbracht et al. [62] scored 100% on the MMAT and
was deemed to have a low risk of bias.

Vitamin D
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Vitamin D deficiency is common worldwide and may be an important environmental risk
factor in the development of allergic disease. Epidemiological studies have found an
association between low serum vitamin D levels and the incidence of allergic disorders [85].
Vitamin D exists in two main forms, namely ergocalciferol (vitamin D2) and cholecalciferol
(vitamin D3). It exerts its immunomodulatory effects through vitamin D receptors which are
found on a variety of immune cells such as B and T cells, dendrites and macrophages,
thereby influencing the allergy-related inflammatory response [86]. Clinical evidence of its
use for allergic rhinitis is unfortunately limited. Jerzynska et al. [63] demonstrated the results
of'a RCT on the effects of five-months of vitamin D supplementation in children with grass
pollen-related allergic rhinitis, and found a significant reduction in symptoms, the need for
‘rescue’ medication, as well as an immune-modulating effect. Although the study by
Jerzynska et al. [63] was of good methodological quality, it received a high risk of bias rating
due to its high attrition rate. High dosages of vitamin D given orally have been demonstrated
to enhance symptomatic relief in patients with asthma and allergic rhinitis undergoing pollen
specific immunotherapy [65]. Furthermore, the RCT by Malik et al. [64] showed that allergic
rhinitis sufferers deficient in vitamin D who receive supplementation have a highly
significant improvement in nasal symptoms.

Two health supplement complexes containing vitamin D have been studied. A proprietary
complex containing vitamin D3, as well as quercetin and the medicinal plant Perilla
frutescens, was shown to significantly reduce allergic rhinitis symptoms when used for one
month in a good quality observational study. Use of the complex decreased the need for
‘rescue’ medication [66]. Perilla frutescens, of the Lamiaceae family, is a rich source of anti-
allergic and anti-inflammatory constituents, including rosemarinic acid and quercetin, as well
as omega-3, -6, and -9 polyunsaturated fatty acids [87]. The benefits of quercetin for allergic
conditions have been previously mentioned. In a single-blinded, non-randomised controlled
study by Ciprandi and Varrichio [67], adjunctive use of a food supplement containing
vitamin D3 800iu and Lactobacillus reuteri (L. reuteri) DSM 17938) for one month, together
with specific immunotherapy for Parietaria pollinosis, improved the perceived effectiveness
of SIT by reducing symptom severity and antihistamine use.

Vitamin E

The vitamin E family refers to eight distinct isoforms, namely four tocopherols and four
tocotrienols. Vitamin E plays a significant role in immune system functioning however there
are currently conflicting reports regarding its role in the treatment of allergic diseases [88,
89]. A clinical study by Shahar et al. [69] reported that supplementation with vitamin E in
addition to conventional anti-allergy medication for two months, further improves nasal
symptoms in patients with seasonal allergic rhinitis, while Montafio Veldzquez et al. [68]
demonstrated no clinical benefits for perennial allergic rhinitis sufferers taking this
supplement.

4. Discussion
Mixed-method systematic reviews are designed to address the issue of synthesising evidence
related to a particular topic and provide a reliable basis for clinical decision-making as they
are replicable, reduce bias and resolve controversy between conflicting findings [8, 11].Very
few reviews on the use of health supplements for the treatment of allergic rhinitis have been
previously conducted. In one review, Tian & Cheng [85] found clinical evidence supporting
low serum vitamin D levels with an increased risk for developing allergic rhinitis, however
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recommended further research be conducted with regards to using vitamin D as a treatment
option. Yang et al. [90] concluded that probiotics may play an important role in the
prevention and treatment of allergic rhinitis, the benefits of which are dependent on the type
of bacterium administered and the dosage regimen used. Newman [91] conducted a
systematic review on the use of unpasteurised honey in the treatment of allergic rhinitis, and
found contradictory results from the two studies that were reviewed; therefore, no definitive
recommendations could be made.

Health supplements are widely available in pharmacies, health shops, and other retail outlets,
and are usually brought to market without the foundation of clinical trials. There is a growing
tendency for people to self-medicate with these products, seldom seeking advice from a
qualified healthcare practitioner. Although the intake of dietary supplements is generally
considered safe, the potential risk when used inappropriately is significant, as they can exert a
physiological and pharmacological effect [92]. This current review found promising evidence
for the use of several health supplements; namely apple polyphenols, tomato extract,
spirulina, chlorophyll c¢2, honey, CLA, MSM, isoquercitrin, vitamins C, D and E, as well as
various probiotics. Of these, probiotics appears to be the most widely studied with several
different micro-organism strains showing promising results, such as B. claussi, B. longum
BB536, B. lactis NCC2818, C. butyricum, E. faecalis, Lactoccus lactis subsp. cremoris
YRC3780, L. acidophilus 1L-91, L. johnsonni EM1, and several L. paracasei strains, L.
plantarum LP14 and L. salivarius PM-A0006. Specific health supplement combinations also
may be beneficial, however only a few studies relating to these could be found.

One of the main limitations of this review is the limited evidence available for each
supplement. Also, of those studies that were reviewed, many made use of a small sample
size, which may have had an impact on the statistical validity of the findings. Another major
challenge encountered was the difficulty in accurately rating the methodological quality and
risk of bias of included studies, owing to insufficient reporting in many of the research
articles reviewed. This was more evident with older publications, and led to a high number of
studies being rated as having an unclear or high risk of bias. There are a number of validated
checklists available for authors to use when publishing the results of their studies, and these
are helpful to ensure standardisation in reporting. Examples of these include the Consolidated
Standards of Reporting Trials (CONSORT) for randomised controlled trials [93]; the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement
for epidemiological studies [94]; and the Guidelines for Conducting and Reporting Mixed
Research for Counselor Researchers for mixed-methods designs [95].

Qualitative research forms a vital cornerstone in informing healthcare practices as it provides
valuable insights into patients' experiences, values and healthcare needs [96]. There were
unfortunately very few eligible qualitative studies regarding the use of health supplements for
allergic rhinitis, and this highlights a research gap that requires further investigation.

On a positive note, very few adverse effects of the evaluated health supplements were
reported overall, and these interventions could possibly be considered as low-risk treatment
options if used appropriately. Ideally, recommendations pertaining to the use of these
interventions should involve a shared decision-making process between the healthcare
provider and the patient, and potential efficacy, risks and benefits, and financial implications
of their use should be taken into account. Further large-scale studies are warranted to fully
understand the role health supplements may play in managing this condition.
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5. Conclusion
This mixed-methods systematic review provides a complete and fair representation of the
currently available evidence derived from 48 RCTs and 10 observational studies on the use of
various health supplements in the treatment of allergic rhinitis. A number of individual health
supplements were identified as having a beneficial effect on this condition, such as
probiotics, CLA, MSM, spirulina, chlorophyll c2, honey, plant-based extracts (apple
polyphenols, tomatoes and isoquercetrin) and vitamins C, D and E. Various health
supplement combinations were also investigated and found to have promising results,
particularly specific probiotic complexes, a mixture of vitamin D3, quercetin and Perilla
frutescens, as well as the combination of vitamin D3 and L. reuteri. Future research on the use
of these interventions is warranted in order to verify their efficacy and safety as potential
treatment options to address patients’ needs and preferences.
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