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Disability and Rehabilitation

Does resistance training ameliorate cancer-related fatigue in cancer survivors? 
A systematic review with meta-analysis

Luke Gray, Paul Sindall and Stephen J. Pearson

Department of Health and Social Care, University of Salford, Salford, UK

ABSTRACT
Purpose:  Cancer-related fatigue (CRF) is unrelenting. As neither rest nor sleep ameliorates cognitive, 
emotional, and physical symptoms, quality of life is diminished. This study examines resistance training 
(RT) effectiveness on CRF in cancer survivors. The secondary aims were to identify the dose-response 
relationship of RT frequency, intensity, and volume on CRF in different cancer survivor populations.
Materials and methods:  Systematic searches via numerous databases for RCTs were performed in 
June 2022. Patient-reported outcome measures (PROM), were analysed, pre-to-post intervention, using 
a random-effects model. The Physiotherapy Evidence Database (PEDro) scale informed methodological 
quality assessment.
Results:  Eight studies were included (cancer survivors: breast (BCS) = 5; endometrial (ECS) = 1; prostate 
(PCS) = 2). Overall, RT interventions ≥ 6 weeks elicited large significant reductions in CRF for FACIT-F 
(SMD = 0.932, p = <0.001) and moderate significant reductions in CRF for PFS-R (SMD = −0.622, p = 0.004).
Conclusion:  Main findings indicate that RT ameliorates CRF, especially in BCS; however, individualised 
approaches should be advocated. Supervised training elicited the greatest positive outcomes, thus 
should be a pivotal part of the cancer rehabilitation pathway. Future studies should be adequately 
powered, undertake discrete analyses of different cancer types, and investigate chronic RT effects.

hh IMPLICATIONS FOR REHABILITATION
•	 Cancer-related fatigue (CRF) is debilitating and distressing, leading to reduced quality of life and 

function in cancer survivors.
•	 Considerable heterogeneity exists in disease histology and clinical patient presentation.
•	 Individualised resistance training (RT) is an effective, safe, and accessible intervention to mitigat:e 

fatigue levels, thus aid function, most notably in breast cancer survivors

Introduction

Cancer is a leading cause of death in >100 countries [1]. Advancements 
in medicine are responsible for greater prognosis and survivorship 
rates [2]; however, the encompassing burden associated with the 
disease and survivorship is widely known and published [3–5]. 
Acutely distressing, and relentless in nature, cancer related fatigue 
(CRF) [6,7] is often associated with exhaustion inordinate with recent 
activity levels that is not relieved with rest or sleep, severely dimin-
ishing QOL; however, cognitive, and emotional fatigue also manifests 
[8,9]. Approximately 30–90% of individuals on the cancer spectrum 
suffer with CRF [10–12]. Conversely, Campos et al. [13] and Horneber 
et  al. [12] suggest CRF may be underdiagnosed, underreported, and 
overlooked, as it is commonly seen as a normal part of treatment 
by patients; yet it is a common factor in treatment cessation [14]. A 
reduction in the ability to complete activities of daily living through 
diminishing physical function [15]; CRF was reported in the top 3 
most-adverse symptoms post-treatment, 1 year on, by survivors 
[16,17]. Significant associations between increased all-cause mortality 
and reduced survivorship in individuals with a CRF diagnosis are 
reported [18]; however, when stress-related psychosocial symptoms 
of fatigue are present, the association is greater [19].

A stepwise approach to diagnosis is common practice [20]; includ-
ing exclusion or treatment of fatigue-inducing comorbidities and/or 
pathologies (e.g., anaemia, hyperthyroidism, and medication effects), 
followed by comprehensive clinical history taking, physical examina-
tion, laboratory measures, and PROMs [11,13]. Bower [21] highlighted 
the importance of PROMs (e.g., PFS-R) in distinguishing whether 
fatigue is related to cancer, and associated therapies, or secondary 
to depression, as this would alter treatment options. Furthermore, 
PROMs also allow for the assessment of individual dimensions of 
fatigue (e.g., emotional, psychological, physical, or social), thus pro-
viding the opportunity for tailored care and treatments [22,23].

Often characterised as a systemic inflammation dysfunction, it is 
proposed that CRF occurs as a result of interrupted protein and energy 
balance facilitated by various mechanisms [7]; however, the association 
exists with cancer cachexia, a multifactorial inflammatory syndrome 
characterised by loss of skeletal muscle and fat mass [24]. Gentile 
et al. [25] proposed that the complex aetiology could be divided into 
two categories; central and peripheral fatigue. O’Higgings et  al. [26] 
suggested the true pathogenesis is still unknown, yet Bower [14] and 
Yang et  al. [7] proposed inflammatory pathways, and mitochondrial 
dysfunction, are the most pragmatic rationales.
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Cancer-related fatigue is often managed utilising a biopsycho-
social approach [27]; however, exercise is regularly prescribed [28]. 
Mechanistically, there is ample evidence to suggest exercise, and 
specifically RT, can ameliorate the negative effects of CRF [29,30]. 
Resistance training has been shown to attenuate muscle cell apop-
tosis and degradation, promote mitochondrial biogenesis and 
muscle protein synthesis, and positively effect skeletal muscle 
contractile properties in cancer populations [31,32]. Resistance 
training advantageously influences inflammation [24,33]; with a 
substantial reduction in CRP and IL-6 levels being noted [34,35]. 
Additionally, RT positively influences mental health and reduces 
depressive symptoms [36], a key aspect of holistic cancer care, 
and the amelioration of fatigue [37], through the enhancement 
of the neurotransmitters, dopamine, norepinephrine, and serotonin 
[38]. In spite of RT’s known beneficial effects on CRF, the optimal 
prescription is still unknown and often vague, attributed to the 
vast heterogeneity between cancer survivors [39,40]. The American 
College of Sports Medicine (ACSM) propose 150 min/week of mod-
erate, or 75 min/week of vigorous aerobic exercise, and 2 d/week 
of moderate intensity RT for cancer survivors; however, this mirrors 
the recommendations proposed for healthy individuals [41]. More 
recently, Stout et  al. [42] proposed specific exercise guidelines for 
CRF, however, these again mirrors the aforementioned. Conversely, 
Strasser et  al. [43] proposed optimal parameters for alleviation of 
CRF through RT were twice weekly sessions, consisting of 2–6 
sets of 12–17 reps at 60–70% 1 repetition maximum (RM), per 
major muscle group. Supporting the aforementioned, Campbell 
et  al. [44] suggested twice-weekly RT sessions, consisting of 2 
sets of 12–15 reps at 60% 1RM or 12 BORG, with an unspecified 
number of exercises, for 12 weeks was also adequate at amelio-
rating CRF. However, Brown et  al. [45] reported that cancer sur-
vivors got greater amelioration of fatigue, when RT intensity 

exceeded 60% of 1RM compared to lower intensities, as a result 
of greater stimulus driving greater physiological adaptions.

The primary purpose of this systematic review and meta-analysis 
is to evaluate the effect of RT on CRF in cancer survivors utilising 
PROMs. Secondary purposes include exploring the dose-response 
relationship of RT frequency, intensity, and volume, and CRF, and 
the effects of RT on CFR on different cancer survivor 
populations.

Materials and methods

Search strategy

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA was used (Figure 1), which highlights the 
process of inclusion and exclusion of studies through a flow chart 
diagram. Articles were retrieved from MEDLINE and CINAHL via 
Ebsco, EMBASE, and the International Clinical Trials Registry 
Platform via the Cochrane Library, PubMed, and Scholar from 
inception to June 2022, in June 2022. Only studies published in 
English with human participants were included. The following 
search strategy was used for all database searches (cancer) AND 
(fatigue) AND (resistance training) OR (strength training) OR 
(weight training). An independent literature search of previous, 
related, systematic reviews and meta-analyses was also undertaken.

Inclusion and exclusion criteria

Types of studies
Only RCT’s were considered for inclusion within this systematic 
review and meta-analysis.

Figure 1.  PRISMA flow chart.
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Types of participants
Only studies where participants were aged 18 and over, and who 
had completed primary treatment for cancer were eligible. Studies 
where participants were classified as advanced or non-curative 
were excluded. There were no limitations on gender, ethnicity, or 
tumour type, location, or treatment.

Types of intervention
Only studies that included a form of resistance, strength, or weight 
training lasting >6 weeks were included within this systematic 
review and meta-analysis.

Types of outcomes
Only studies which investigated the pre-post change in fatigue 
through resistance training intervention were eligible for inclusion. 
Pre- and post-intervention measurements of fatigue from resis-
tance training and control groups were extracted for use within 
the meta-analysis. The PROMs included within the qualitative and 
quantitative analysis were the FACIT-F and PFS-R.

Selection of studies

The reviewers independently screened study titles and abstracts 
identified through the search results against pre-determined eli-
gibility criteria. If eligibility from initial screening could not be 
determined, full-text screening was utilised. A manual search of 
relevant systematic reviews and meta-analysis reference lists was 
also conducted.

Data extraction

Data extraction included study design, population (cancer type) 
and participant characteristics (mean age, gender), intervention 
type (type of resistance training i.e., free weights), intensity (e.g., 
rate of perceived exertion), volume (e.g., 3 sets of 10 repetitions), 
frequency (e.g., 3× per week for 12 weeks), comparator/control 
group, primary outcome (measure of fatigue), timepoint, and 
methodological quality score.

Methodological quality assessment

The PEDro scale was utilised to evaluate the methodological quality 
of the studies. Established as a valid measure of methodological 
assessment [46,47], the PEDro scale assesses for internal validity 
and is scored out of 10 (criteria 2–11), as criterion 1 is a measure 
of external validity. Each criterion was graded by the reviewer as; 
1 = yes; 0 = no which was determined by the information analysed 
within each study. Studies scoring 3 or below, 4 or 5, 6 to 8, or 9 
and above were deemed to have “poor”, “fair”, “good” or “excellent” 
methodological quality, respectively [48]. The scale assesses for 
random and concealed allocation, similarity of groups at baseline, 
subject, therapist, and assessor blinding, >85% follow-up for at 
least one key outcome measure, intention-to-treat analysis, 
between-group statistical comparison for at least one key outcome 
measure, and point measures and measures of variability.

Measures of treatment effect

The meta-analysis was conducted using Comprehensive 
Meta-Analysis V3 (NIH) software. Standardised mean differences 

(SMD) and confidence intervals (CI) were calculated as summary 
statistics and determined for the evaluation of resistance training 
interventions, and respective control groups. Forest plots were 
utilised to display the individual study SMD and CI along with 
the pooled overall SMD to give a description of the intervention 
effectiveness. The direction of the SMD (positive or negative) being 
indicative of “effect” and zero being no effect. Sensitivity analysis 
utilising the leave-one-out method was also completed to assess 
result robustness. As per Cohen [49], an SMD of 0.8, 0.5, and 0.2 
are indicated as “large”, “moderate” and “small” effects, respectively.

Data synthesis

Pooled effect estimates from studies comparing RT in a pre-post 
intervention design with comparable PROMs were completed 
using the Comprehensive Meta-Analysis V3 software. As a result 
of clinical and methodological heterogeneity, a random-effects 
model was used. Both, the Chi2 (if p < 0.05) and I2 statistics were 
included to further explore the true effect of the interventions. 
Rodseth and Marais [50] indicate boundaries for the I2 statistic 
and heterogeneity; 0–40% equals “non-importance”, 30–60% shows 
“moderate”, 50–90% indicates “substantial” and 75–100% is deemed 
as “significant”.

Results

Search results

Searches through electronic databases identified 30  548 articles, 
duplicates were removed returning 29  369 studies. After screening 
titles and abstracts, and exclusion of non-related studies (e.g., not 
cancer, mixed intervention), 30 articles were assessed for eligibility 
(see Figure 1). A further 22 studies were excluded as a result of 
no measures of fatigue (11), mixed exercise intervention (5), and 
required data being unavailable (6). This left 8 studies, which were 
included within the quantitative and qualitative synthesis.

Participant characteristics

The characteristics of participants and included studies are dis-
played in Table 1. Overall, 325 participants (96 males and 229 
females) were included in this review. Participant cohorts included 
female-only BCS [52–54,56,58], ECS [51], and PCS [55,57]. Sample 
sizes ranged from 14 to 66, while age ranged from 35 to 77 years 
old. The countries or region of publication were as follows; 
Australia (n = 1), Brazil (n = 1), Canada (n = 2), India (n = 1), Iran 
(n = 1), and the United States of America (n = 2). Hagstrom et  al. 
[52], Moraes et  al. [54], Norris et  al. [55] and Santa Mina et  al. 
[57] included participants on adjuvant therapies.

Resistance training interventions and control groups

The RT interventions (Table 1) included in this review lasted from 
6 to 26 weeks, the frequency of sessions ranged from 1 to 5 times 
per week, with the number of exercises varying between 5 and 
10 per session. All studies promoted progressive overload through 
sessional volume, with sets ranging from 1 to 3, and reps varying 
between 8 and 12. Two studies did not report intensity [53,58]; 
however, the remaining studies utilised relative intensity scales 
(e.g., %1RM, BORG), with four studies applying progressive over-
load through intensity [51,55–57]. Moraes et  al. [54] and Norris 
et  al. [55] provided supervised sessions, whereas the rest did not. 
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Five studies asked control groups to remain physically inactive or 
maintain usual care pathways, while Khan et  al. [53] and Santa 
Mina et  al. [57] utilised walking exercise control groups (frequency 
and session duration matched). Norris et  al. [55] altered the fre-
quency only of his control group, reducing the RT intervention 
to twice weekly. Only Hagstrom et  al. [52] and Moraes et  al. [54] 
mentioned offering the experimental intervention to the control 
group after the study completion.

Resistance training and FACIT-F

Post-intervention changes in fatigue significantly favoured the RT 
in comparison to the controls (5 comparison groups, 120 partic-
ipants, 115 controls; SMD = 0.932, CI = 0.111–1.753, p = 0.026; 
Figure 2). However, significant heterogeneity was found within 
the analysis (I2 = 88.167, p = <0.001; Figure 3) indicating a large 
variability within the sample. The sensitivity analysis highlighted 
the exclusion of Gorzelitz et  al. [51] and Norris et  al. [55] still 
resulted in significant statistical results (SMD = 1.142, CI = 0.249–
2.044, p = 0.013 and SMD = 1.118, CI = 0.182–2.053, p = 0.019, 
respectively; Figure 4); whereas, when Hagstrom et  al. [52] (SMD 
= 1.022, CI = −0.005 to 2.049, p = 0.051), Khan et  al. [53] (SMD = 

0.596, CI = −0.078 to 1.270, p = 0.083) and Santa Mina et  al. [57] 
(SMD = 0.788, CI = −0.238 to 1.814, p = 0.132) were removed, as 
part of the leave-one-out analysis, pooled results became 
non-significant (Figure 4).

Resistance training and PFS-R

Post-intervention changes in fatigue significantly favoured RT ver-
sus control groups, with non-important heterogeneity (3 compar-
ison groups, 45 participants, 45 controls; SMD = −0.622, CI = −1.050 
to −0.195, p = 0.004; I2 = 0.000, p = 0.493; Figures 5 and 6). During 
the sensitivity analysis, each study was individually removed and 
the pooled SMD was recalculated to assess the significance of 
each study; it can be seen from Figure 7 that the exclusion of 
each study did not change the significance or direction of SMD.

Methodological quality of included studies

Details and results of the methodological quality assessment can 
be found in Table 2. Methodological scoring ranged from 3 to 7, 
with a mean of 5.63 ± 1.51. One study was deemed of having 

Figure 2.  FACIT-F Forest Plot [above zero favours RT; below zero favours control].

Figure 3.  FACIT-F Heterogeneity.

Figure 4.  FACIT-F Sensitivity analysis [above zero favours RT; below zero favours control].
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“poor” [56], while two had “fair” [51,54] methodological quality; 
finally, the remaining 5 had “good” methodological quality 
[52,53,55,57,58].

All 8 studies were at risk of performance and detection bias, 
due to not fulfilling participant and assessor blinding criterion, 
respectively; however, the blinding of exercise intervention is 
impossible thus justifiable. Only Hagstrom et  al. [52], Norris et  al. 
[55], and Santa Mina et  al. [57] satisfied criterion 3, leaving the 
remaining studies at risk of selection bias; additionally, Nouri 
et  al. [56] didn’t explicitly state randomisation procedure thereby 
heightening the risk further. Attrition bias was highlighted in 
Gorzelitz et  al. [51] and Nouri et  al. [56] as neither criterion 8 
nor 9 was satisfied, whereas Moraes et  al. [54] satisfied crite-
rion 8 only.

Discussion

This systematic review and meta-analysis investigated the 
effects of RT on CRF in cancer survivors, who had completed 
primary treatment. The initial findings from this review indicate 
that there is a statistically significant reduction in CRF follow-
ing RT; however, the sensitivity analysis raises questions regard-
ing the efficacy and heterogeneity of within-group and 
-population data.

Outcome measures

Both FACIT-F and PFS-R outcome measures had a Cronbach’s α 
value greater than 0.90, indicating excellent internal consistency 
[59–61]; however, values above 0.90 can suggest redundant ques-
tions [62].

Minimally clinically important differences (MCID) indicate the 
smallest beneficial change to a patient’s symptoms and should 
be considered when interpreting the effectiveness of an interven-
tion [63,64]. Amarsheda and Bhise [65] reported a 2-point reduc-
tion was the MCID for improvement of PFS-R in breast cancer 
populations and a 2.8–6.8 increase is required for amelioration of 
symptoms for the FACIT-F measure across all cancer popula-
tions [66].

Cancer histology, resistance training and cancer-related 
fatigue

This systematic review and meta-analysis, with sensitivity analysis, 
provides some evidence that RT is beneficial for ameliorating CRF. 
The individual presentation of CRF through different fatigue con-
structs and severity potentially explains the variance in interven-
tion effectiveness.

Heterogeneity within the included studies was always going 
to be pronounced with three different cancer types being studied. 

Figure 5.  PFS-R Forest Plot [below zero favours RT; above zero favours control].

Figure 6.  PFS-R Heterogeneity.

Figure 7.  PFS-R Sensitivity analysis [below zero favours RT; above zero favours control].
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Additionally, exercise prescription varied across trials in terms of 
duration of intervention, RT modality, frequency, volume, and 
intensity, amongst other variables, making specific exercise rec-
ommendations difficult. However, supervised RT seemed to elicit 
a greater effect on CRF than unsupervised studies, as the ability 
to control training variables that help promote physiological and 
morphological adaptions to attenuate CRF are greater [67]. 
Furthermore, when exercise is within a group-setting, emotional, 
mental, and physical QOL is improved greater than in volume- and 
intensity-matched individual training in numerous populations 
[68], including cancer patients [69–71].

From the included studies, where comparable, BCS showed 
greater improvement to fatigue levels following RT versus other 
cancers, which supports previous literature [72,73]; however, 
research suggests the amelioration of fatigue is possible in numer-
ous cancer populations [29,30,74,75] adding substance to the 
effect of significant heterogeneity between and within cancer 
survivors. With skeletal muscle atrophy being common following 
primary treatment in BCS, the likelihood of CRF increases [76,77]; 
thus, placing RT in an advantageous position due to its innate 
ability to positively change body composition [78]. Furthermore, 
Leite et  al. [79] indicated low RT volume and longer recovery 
intervals were more advantageous in BCS; supported by Lopez 
et  al. [80] who reported a greater magnitude of physical recovery 
and exercise adherence following low-volume RT.

A critical factor to consider within the analysis is age; the PCS 
within the current meta-analysis were generally older than those 
in other trials, thus reportedly having less potential for hypertro-
phic changes as per Lee [81]. Despite hypertrophic changes are 
often blunted in older adults [82], supervised RT can attenuate 
cancer-related losses of muscle mass in older populations [83]. 
However, Lee [81] also reported that RT may not be effective at 
ameliorating CRF specifically in older PCS; especially when survi-
vors are utilising androgen deprivation therapy as it induces met-
abolic dysfunction, thus promoting muscle wastage [84,85]. 
Conversely, clinically meaningful, improvements to body compo-
sition were reported in Clifford et  al.’s [86] meta-analysis following 
RT after primary treatment in PCS. Furthermore, Hanson et  al. [87] 
noted significant increases in muscle volume and strength 
(p < 0.001), and reduction in fatigue (p < 0.05) following thrice 
weekly RT to volitional failure in older black prostate cancer 
patients on ADT. Overall, this suggests that RT when supervised, 
and meets minimal effective dose, it is plausible to ameliorate 
fatigue in PCS.

In ECS the co-morbidity burden is greater than with other 
histological types as age-related deterioration in health-related 
QOL can be more prevalent as diagnosis is usually made in over 
65s [88,89]. Additionally, as stated earlier, in older individuals 
the potential for hypertrophic changes following RT is diminished 

[81]. Metabolic dysfunction, presenting as type 2 diabetes mel-
litus and obesity, is often prevalent in ECS and can influence 
CRF as independent fatigue generator’s [68,90,91]. Fortunately, 
RT participation promotes unique metabolic adaptions, thus 
attenuating some of the subsequent side effects of metabolic 
dysfunction, that may also drive CRF [92–95]. Even with a lack 
of evidence suggesting the utility of RT with ECS, Maqbali et  al. 
[96] suggests it is effective at attenuating CRF; however, Zhang 
et  al. [97] suggested ~80% of ECS require supervision while 
exercising, for it to be effective, adding an additional barrier to 
effectiveness.

Limitations of the review

The limitations of this study are as follows; significant between- 
and within-group heterogeneity reduces the generalisability and 
ecological validity of the results. Additionally, the small number 
of studies across different histological diagnoses further decreases 
generalisability. Reduced precision was present as wide confidence 
intervals were reported, due to relatively small sample sizes. 
Additionally, study durations were typically short. Future research 
should endeavour to have greater sample sizes and study duration, 
across a wider range of histologically diagnosed cancer types; and 
include a follow-up to investigate the long-term effectiveness of 
RT intervention of CRF.

Conclusion

The findings of this review indicate that RT is effective at atten-
uating CRF; with BCS having the greatest response. Although 
specific RT prescription cannot be derived due to significant 
between- and within-group heterogeneity; studies with supervised 
elements typically had greater reductions versus home-based or 
non-supervised. This is likely due to the social elements and sub-
sequent ability to control the training variables that help promote 
the physiological and morphological adaptions required for the 
amelioration of CRF.
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Table 2.  Methodological quality assessment [PEDro].

Criterion  
1

Criterion  
2

Criterion  
3

Criterion  
4

Criterion  
5

Criterion  
6

Criterion  
7

Criterion  
8

Criterion  
9

Criterion 
10

Criterion 
11 Total

Gorzelitz et  al. [51] 1 1 0 1 0 0 0 0 0 1 1 4
Hagstrom et  al. [52] 1 1 1 1 0 0 0 1 1 1 1 7
Khan et  al. [53] 1 1 0 1 0 0 0 1 1 1 1 6
Moraes et  al. [54] 1 1 0 1 0 0 0 1 0 1 1 5
Norris et  al. [55] 1 1 1 1 0 0 0 1 1 1 1 7
Nouri et  al. [56] 1 0 0 1 0 0 0 0 0 1 1 3
Santa Mina et  al. [57] 1 1 1 1 0 0 0 1 1 1 1 7
Yuen and Sword [58] 1 1 0 1 0 0 0 1 1 1 1 6

Criterion 1 = Eligibility Criteria; Criterion 2 = Random Allocation; Criterion 3 = Concealed Allocation; Criterion 4 = Similar at Baseline; Criterion 5 = Subject Blinding; 
Criterion 6 = Therapist Blinding; Criterion 7 = Assessor Blinding; Criterion 8 = >85% Key Outcome Measures; Criterion 9 = Intention-to-Treat; Criterion 10 = Between-Group 
Statistical Analysis; Criterion 11 = Point Measure & Measure of Variability.
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