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R
esearch has revealed that cancer- 

related fatigue (CRF) is one of the 

most frequently reported symptoms 

in patients with cancer and survi-

vors (Agasi-Idenburg et al., 2017). 

According to a systematic review by Al Maqbali et 

al. (2021), the prevalence of CRF ranges from 11% to 

nearly 99%, depending on the patient’s clinical status. 

CRF can be experienced before treatment onset and 

can increase during treatment with radiation therapy, 

chemotherapy, and hormonal and biologic therapies 

(Bower, 2014). CRF is also frequently associated with 

psychosocial factors, such as depression and anxiety 

(Yennurajalingam et al., 2016), and other cancer- 

related symptoms, such as chronic pain, insomnia, 

and nausea (Imayama et al., 2013). Compared with 

other symptoms, CRF is more distressing and often 

longer lasting, with a substantial impact on daily liv-

ing and quality of life (Weis, 2011).

Proper assessment is the first step for managing 

CRF. However, fatigue lacks a widely accepted defi-

nition (Schvartsman et al., 2017; Veni et al., 2019). 

The limited consensus on fatigue has led to the 

development of a large number of different scales 

to measure CRF (Minton & Stone, 2009). Because 

fatigue instruments are primarily subjective in nature 

and most frequently measured using self-report 

scales (Finsterer & Mahjoub, 2014), attempts to eval-

uate CRF through objective measures remain limited 

(Veni et al., 2019). In addition, CRF may not always be 

sufficiently described and reported by patients using 

subjective scales and questionnaires (Canella et al., 

2018; Finsterer & Mahjoub, 2014). Therefore, the use 

of perceptual, objective measures can help to evaluate 

fatigue more concretely (Platt et al., 2015).

The multifactorial etiology of CRF, such as cyto-

kine dysregulation, hypothalamic-pituitary-adrenal 
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axis dysfunction, circadian rhythm disruption, sero-

tonin dysregulation, and vagal afferent nerve 

activation, has been explained in several studies 

(Barsevick et al., 2010; Morrow et al., 2002; O’Higgins 

et al., 2018; Ryan et al., 2007). Broadly, fatigue may 

arise from central and peripheral mechanisms. It has 

also been demonstrated that chemotherapy agents 

increase reactive oxygen species production as an out-

come of the redox cycling process (Moradi-Marjaneh 

et al., 2019; Yang et al., 2019), which is related to ade-

nosine triphosphate (ATP) synthesis (Bai et al., 2011). 

Most studies distinguish central fatigue—a decrease 

in the muscle’s neural activation because of numer-

ous spinal and supraspinal factors (Gandevia, 2001; 

Veni et al., 2019)—from peripheral fatigue and atten-

uated contractile response to neural input induced by 

biochemical changes at the myocyte level (Debold, 

2012). Both peripheral and central fatigue can result 

in a loss of muscle strength and muscle mass, but 

whether decreased or increased muscle strength and/

or muscle mass affects CRF is unclear (Ryan et al., 

2007; Stone & Minton, 2008).

Skeletal muscle is a highly metabolic organ 

requiring adequate ATP generation. Therefore, 

reduced ATP generation ultimately leads to skel-

etal muscle dysfunction (Yang & Hendrix, 2018). 

Failure to replenish ATP compromises muscle func-

tion and decreases the ability to perform physical 

work, resulting in fatigue (O’Higgins et al., 2018). 

Watanabe et al. (2013) further indicated that muscle 

quality represents the portion of the contractile 

structure in skeletal muscle tissue, which is related 

to strength in middle age and older adults (range = 

51–91 years). Muscle quality, including muscle mass, 

intramuscular fat, and fat mass relative to muscle 

volume, comprise body composition (Mankowski 

et al., 2015). Therefore, body composition reflects 

muscle tissue’s real functional capacity, indicating 

an essential determinant of strength (Rech et al., 

2014; Watanabe et al., 2013).

There is growing evidence that objective measures 

of muscle strength and body composition can char-

acterize physical capability and may act as effective 

markers of current and future health issues, such 

as fatigue (Cooper et al., 2011; Newton et al., 2018). 

However, evidence of muscle strength and body 

composition as indicators of fatigue in the cancer 

population is limited (Kisiel-Sajewicz et al., 2013). 

To the authors’ knowledge, no systematic review has 

examined the relationship between muscle strength 

and body composition measures and CRF to identify 

possible indicators for assessing CRF. Therefore, the 

aims of this systematic review were to: (a) identify the 

correlation between muscle strength and body com-

position measures and CRF and (b) explore potential 

objective indicators for assessing CRF.

Methods

The review protocol has been registered in the 

Prospero Centre for reviews and dissemination (ID 

CRD42020157350). The systematic review was per-

formed based on the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) 

guidelines.

Search Strategy

A literature search was conducted in the databases 

of PubMed®, MEDLINE®, CINAHL®/PsycINFO®, 

and Embase® for articles published from January 

2000 to January 2021. The search strategy was based 

on the synonyms and medical subject headings of 

the following keywords: cancer or cancer survivors 

and fatigue and muscle strength, dynamometer, hand 

strength, quadriceps muscle, muscle weakness, muscle 

fatigue, or anthropometry, and/or body composition, 

body fat distribution, or body mass index, without 

language restrictions. References of the included 

studies were screened for additional articles.

Study Selection Criteria

Studies were included if they met the following crite-

ria for eligibility: (a) the study population was limited 

to adult individuals with CRF, (b) objective methods 

of examining muscle strength and/or body composi-

tion were used, and (c) the relationship between CRF 

and muscle strength and/or body composition was 

investigated. Studies were excluded if only subjective 

self-report instruments were used and if the correla-

tions between fatigue and muscle strength and/or 

body composition measures were not reported. All 

titles and abstracts were screened for inclusion and 

exclusion criteria by one researcher (C.-C.L.). The 

full texts of relevant studies were obtained, and two 

reviewers (S.-C.S. and C.-C.L.) discussed and applied 

the defined criteria for study selection.

Quality Assessment

Quality assessment included evaluating each study’s 

methodologic quality and measurement properties 

to determine the credibility of findings, as well as its 

use of reliable, objective measures associated with 

CRF. Methodologic quality was assessed using the 

Critical Appraisals Skills Programme (CASP, 2018) 

checklist for randomized controlled trials (RCTs). 
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The CASP checklist consists of 12 questions that 

evaluate the validity of study results, the statistical 

analysis of the results, and the conclusion/impact of 

the study results, as well as measure specific criteria 

and assess each study for recruitment, study expo-

sure, bias, confounding factors, and strength of the 

results, with an overall score ranging from 0 (low 

quality) to 11 (high quality). The Strengthening the 

Reporting of Observational Studies in Epidemiology 

(STROBE) statement was used to determine the qual-

ity of reporting in the included studies (von Elm et 

al., 2014). The STROBE statement includes 34 items, 

with scores ranging from 0 (low quality) to 22 (high 

quality). A higher total score represents a higher qual-

ity. Two trained assessors examined each included 

study (C.-C.L. and Y.-J.C.), and scores were based on 

all information available from the studies.

Data Extraction and Synthesis

Data extraction was completed independently by 

the first reviewer (C.-C.L.) and then reviewed by 

the second reviewer (S.-C.S.) to ensure accuracy. 

Relevant data extracted from eligible studies included 

the study population’s demographic characteristics, 

sample size, treatment, details of the study design, 

characteristics of the measures, and outcomes. In 

addition, the correlation coefficient derived from 

the association between CRF and muscle strength 

and/or body composition was extracted when the 

result was reported. Advantages and disadvantages 

of muscle strength and body composition measures 

were compared across the studies. Any disagreements 

about study eligibility among reviewers or differences 

between the two sets of information extracted were 

resolved through discussion.

Data Analysis

Statistical analysis of correlative outcomes was con-

ducted using Comprehensive Meta-Analysis software, 

version 3.5 (Goh et al., 2016). The correlation coeffi-

cient from each study was Fisher Z, transformed to 

be suitable for pooling. Standard error and 95% con-

fidence intervals (CIs) were calculated and weighted 

(dependent on the sample size). Fisher Z and chi-

square values were then calculated to determine the 

p value of the overall effect size across the studies. 

Heterogeneity across studies was determined using a 

Cochran’s Q test, which was transformed into an I2 

percentage (0%–100%), with thresholds set at 25% for 

low heterogeneity, 50% for moderate heterogeneity, 

and 75% or higher for high heterogeneity (Borenstein 

et al., 2021). When high heterogeneity was detected, 

a random-effects model was performed; otherwise, 

a fixed-effects model was used (Barili et al., 2018). 

Publication bias could not be tested because of the 

small number of studies included in the meta-analysis 

(Goh et al., 2016).

Results

Characteristics of Included Studies

An overview of the study selection strategy and 

reasons for exclusion are shown in Figure 1. The 

abstracts of 7,459 articles on muscle strength, body 

FIGURE 1. PRISMA Flow Diagram

CRF—cancer-related fatigue; PRISMA—Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses

Records identified 

through database 

searching (N = 7,459)

 ɐ PubMed® (n = 2,418)

 ɐ MEDLINE® (n = 1,908)

 ɐ Embase® (n = 1,901)

 ɐ CINAHL®/PsycINFO® 

(n = 1,232)

Articles excluded based 

on title and abstract 

(N = 5,381)

 ɐ Not related to CRF, 

muscle strength, or 

body composition 

(n = 5,337)

 ɐ Not adult/human 

participants (n = 44)

Additional records 

identified through other 

sources (n = 450)

Full-text articles assessed 

for eligibility (n = 62)

Full-text articles 

excluded (n = 37)

Studies included in 

qualitative synthesis and 

meta-analysis (N = 25)

Titles and abstracts 

screened (n = 5,443)

Records after duplicates 

removed (n = 5,443)
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composition, and CRF were screened for eligibility. 

The full texts of 62 studies was obtained to determine 

eligibility. Thirty-seven studies did not provide results 

about the association of fatigue with muscle strength 

and body composition, and the full text of one study 

was not available. A meta-analysis of the 25 included 

studies was conducted to identify the direction of the 

correlation and its consistency.

Most studies used a cross-sectional design (n = 21), 

three studies used a longitudinal design, and one study 

was an RCT. Total sample sizes ranged from 19 to 565, 

and the mean ages of participants ranged from 40.2 to 

68 years. The majority of the studies were conducted 

in the United States (n = 11). The most frequently 

studied patient groups were those with breast (n = 13), 

gastrointestinal (n = 8), lung (n = 6), and gynecologic 

cancers (n = 3). Eleven studies focused on patients 

who were receiving cancer treatment (Guest et al., 

2013; Inglis et al., 2020; Kilgour et al., 2013; Kisiel-

Sajewicz et al., 2013; Kumar et al., 2004; Morishita 

et al., 2018; Neefjes et al., 2017; Newton et al., 2018; 

Van Weert et al., 2006; Veni et al., 2019; Wang et al., 

2020), five studies included patients who had com-

pleted chemotherapy (Basen-Engquist et al., 2009; 

Kalter et al., 2016; Tonosaki, 2012a; Winters-Stone et 

al., 2008, 2019), three studies included patients who 

were scheduled for chemotherapy (Aleixo et al., 2020; 

Coleman et al., 2011; Tonosaki, 2012b), and two stud-

ies included patients who were receiving palliative 

care (Brown et al., 2005; Schvartsman et al., 2017).

Study Quality

Study quality was assessed using the STROBE state-

ment. Quality scores for the 24 observational studies 

ranged from 14 to 18 (indicating moderate to high 

quality). The CASP checklist was used to assess the 

one RCT study, which received a score of 9 (indicating 

high quality) (see Table 1). The quality of the selected 

studies was considered to be moderate to good. 

Most of the studies adequately reported the demo-

graphics of the study population and study setting 

(Aleixo et al., 2020; Brown et al., 2005; Coleman et 

al., 2011; Dhruva et al., 2010; Inglis et al., 2020; Kalter 

et al., 2016; Kilgour et al., 2013; Morishita et al., 2018; 

Neefjes et al., 2017; Tonosaki, 2012a, 2012b; Veni et al., 

2019; Wang et al., 2020; Winters-Stone et al., 2019). 

One study had a small sample size (n = 14) (Tonosaki, 

2012b). Eight studies statistically controlled the con-

founding variables in their analysis. Eight studies were 

adjusted for age (Aleixo et al., 2020; Basen-Engquist et 

al., 2009; Dhruva et al., 2010; Inglis et al., 2020; Kalter 

et al., 2016; Kilgour et al., 2010, 2013; Neefjes et al., 

2017); four studies were adjusted for gender (Kalter 

et al., 2016; Kilgour et al., 2010, 2013; Neefjes et al., 

2017); four studies were adjusted for treatment type 

and treatment status (pre-, during, and post-) (Basen-

Engquist et al., 2009; Inglis et al., 2020; Kilgour et al., 

2013; Neefjes et al., 2017); two studies were adjusted 

for cancer stages (Basen-Engquist et al., 2009; Inglis et 

al., 2020); one study was adjusted for anxiety, depres-

sion, and sleep disturbance (Dhruva et al., 2010); 

one study was adjusted for body mass index (BMI) 

(Dhruva et al., 2010); and one study was adjusted for 

Karnofsky Performance Status scores and exercise 

status (Inglis et al., 2020).

Fatigue Subjective Measures

A total of 10 self-report outcome measures were used 

to assess fatigue among the 25 studies. The three most 

frequently used subjective fatigue assessment mea-

sures were the Brief Fatigue Inventory, which was used 

in seven studies (Basen-Engquist et al., 2009; Kilgour 

et al., 2010, 2013; Kisiel-Sajewicz et al., 2013; Morishita 

et al., 2018; Schvartsman et al., 2017; Wang et al., 

2020); the Functional Assessment of Cancer Therapy–

Fatigue, which was used in five studies (Aleixo et al., 

2020; Brown et al., 2005; Coleman et al., 2011; Guest 

et al., 2013; Neefjes et al., 2017); and the European 

Organisation for Research and Treatment of Cancer 

Quality-of-Life Questionnaire–Core 30–Fatigue, 

which was used in four studies (Brown et al., 2005; 

Newton et al., 2018; Schvartsman et al., 2017; Veni et 

al., 2019).

Meta-Analysis of Muscle Strength and Body  

Composition Measures

Nineteen different measures of muscle strength and 

body composition were used across the 25 studies 

being analyzed. Nine muscle strength measures were 

identified, including hand grip strength (HGS), knee 

extensor strength (KES), the sit-to-stand (STS) test, 

ankle strength, pounds lifted, the elbow flexion task, 

the fatigue motor task, the hand grip fatigue test, and 

the short physical performance battery. Ten body 

composition measures were identified, including 

BMI, the skeletal muscle index (SMI), body weight 

(BW), lean mass (LM), body fat percentage, hand 

grip muscle quality, quadriceps muscle quality, skel-

etal muscle density, skinfold thickness, and mid-arm 

muscle circumference. The advantages and disadvan-

tages of each measure and the association between 

each muscle strength or body composition measure 

and CRF were reviewed based on the content of the 

studies (see Table 2).
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TABLE 1. Results of Selected Studies (N = 25)

Study and Country Sample CRF Measures Findings Quality Scorea

Aleixo et al., 2020  

(United States)

99 patients with stage 0–III 

breast cancer who were sched-

uled for chemotherapy; mean 

age of 58 years (range = 24–83)

 ɐ Subjective: FACT-F

 ɐ Objective: BSA, BMI, SMI, 

SMD, SMG, and VAT area

Patients with lower SMI and 

lower BMI had lower fatigue 

levels (b = –0.26, p = 0.005 

and b = –0.17, p = 0.002, 

respectively); SMD, VAT, SMG, 

and BSA showed no significant 

association with fatigue.

18

Basen-Engquist  

et al., 2009  

(United States)

119 patients with stage I–II 

endometrial cancer who had 

completed treatment; mean age 

of 59.9 years (SD = 12.7)

 ɐ Subjective: BFI

 ɐ Objective: BMI

The results showed no signifi-

cant association between BMI 

and fatigue.

17

Brown et al., 

2005  

(United Kingdom)

38 patients with lung cancer (n = 

23 male and n = 15 female) who 

were receiving palliative care; 

mean age of 64 years

 ɐ Subjective: FACT-F, 

EORTC-QLQ-C30-F

 ɐ Objective: BMI, skinfold thick-

ness (triceps and midthigh), 

circumference (middle upper 

arm and mid-thigh), HGS, STS

There were no significant 

correlations between fatigue 

and BMI/skinfold thickness, 

circumference, and HGS. A weak 

correlation was found between 

fatigue and STS (p = 0.005).

17

Coleman et al., 

2011  

(United States)

187 patients who were newly 

diagnosed with multiple 

myeloma; mean age of 56 years 

(SD = 10.1) for male patients 

and 56.4 years (SD = 9.6) for 

female patients

 ɐ Subjective: FACT-F

 ɐ Objective: pounds lifted

There were significant positive 

associations between fatigue 

and pounds lifted (p = 0.001).

17

Dhruva et al., 

2010  

(Canada)

73 patients with breast cancer 

before, during, and after RT; 

mean age of 55.1 years (SD = 

11)

 ɐ Subjective: LFS

 ɐ Objective: BMI

Morning fatigue at baseline was 

influenced by BMI (b = –0.054, 

p = 0.021).

17

Guest et al., 2013  

(United States)

42 patients with breast cancer 

undergoing adjuvant chemo-

therapy; mean age of 53.9 years 

(SD = 9.1)

 ɐ Subjective: FACT-F

 ɐ Objective: BMI, body fat 

percentage

No significant associations were 

noted between fatigue and BMI 

and body fat percentage.

15

Inglis et al., 2020  

(United States)

565 patients (n = 294 obese; 

n = 146 overweight; n = 125 

normal body weight) with breast 

cancer undergoing chemother-

apy; mean age of 53 years (SD = 

10.6)

 ɐ Subjective: MFSI-SF

 ɐ Objective: BMI

Obesity was positively asso-

ciated with fatigue (p < 0.05) 

before chemotherapy.

18

Kalter et al., 2016  

(Netherlands)

277 patients with breast, colon, 

ovarian, or testicular cancer or 

lymphoma who had completed 

chemotherapy

 ɐ Subjective: MFI

 ɐ Objective: HGS, STS

Higher HGS was significantly 

associated with lower physical 

fatigue (b = –1.6, p < 0.05); 

better lower body muscle 

function test scores were sig-

nificantly associated with lower 

general and physical fatigue 

(b = –1.7, p < 0.05). 

9

Continued on the next page
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TABLE 1. Results of Selected Studies (N = 25) (Continued)

Study and Country Sample CRF Measures Findings Quality Scorea

Kilgour et al., 

2010  

(Canada)

84 patients with stage III–IV GI 

cancer or non-small cell lung 

cancer (n = 48 men and n = 36 

women) who were undergoing 

concurrent chemotherapy and/

or RT; mean age of 61.6 years 

(SD = 13.2)

 ɐ Subjective: BFI

 ɐ Objective: BMI, arm LM 

(kg), leg LM, SMI, HGS, KES, 

SMMI, quadriceps muscle 

quality

There was a negative association 

between BFI and BMI (b = –1.6, 

p < 0.01); BMI, arm LM, leg LM, 

HGS, and KES were negatively 

correlated with BFI; BFI decreased 

with increasing SMMI in men, but 

BFI did not change with SMI; there 

were no correlations between 

fatigue and HGS and quadriceps 

muscle quality.

17

Kilgour et al., 

2013  

(Canada)

203 patients with advanced lung 

or GI cancers during chemo-

therapy or RT; mean age of 64.3 

years (SD = 12.8)

 ɐ Subjective: BFI

 ɐ Objective: HGS

Patients in the less than 10th 

percentile for HGS had higher 

levels of fatigue (b = 18.8, 95% 

CI [4.71, 32.89], p < 0.05)

15

Kisiel-Sajewicz  

et al., 2013  

(United States)

24 patients with advanced 

lung, lymphoma, GI, and thyroid 

cancers who had not undergone 

surgery or who were receiving 

chemotherapy or RT within 4 

weeks prior to the study or a 

control group; mean age of 59.2 

years (SD = 10.4) for patient 

group and mean age of 46.6 

years (SD = 12.8) for control 

group

 ɐ Subjective: BFI

 ɐ Objective: fatigue motor 

task, elbow flexion force 

measurement, electromyog-

raphy measurement, twitch 

force measurement

Elbow flexion force was signifi-

cantly lower in patients before 

and after the fatigue motor task; 

there was no significant interac-

tion between fatigue and muscle 

regarding the main effect of 

muscle on EMG amplitude; EMG 

amplitude was significantly lower 

in patients compared to controls 

for triceps and biceps; twitch 

force change was not significant 

in patients.

18

Kumar et al., 

2004  

(United States)

198 patients with stage I–IIIB 

breast cancer undergoing chemo-

therapy; mean age of 49.7 years 

(SD = 10)

 ɐ Subjective: FSI

 ɐ Objective: body weight gain

Changes in fatigue frequency 

were significantly predictive of 

weight gain (b = –0.47928, p = 

0.0324).

17

Morgado et al., 

2016  

(Argentina)

49 patients with lung, head and 

neck, or esophageal cancer (n = 

27 in weight loss group and n = 

22 in no weight loss group); ages 

ranging from 60 to 62 years

 ɐ Subjective: FNS

 ɐ Objective: body weight loss

Fatigue scores were higher in the 

weight loss group (p = 0.047).

15

Morishita et al., 

2018  

(Japan)

36 patients with breast, GI, 

colorectal, or other cancers, or 

leukemia who had completed 

treatment and 29 controls; mean 

age of 52.1 years (SD = 10.9)

 ɐ Subjective: BFI

 ɐ Objective: HGS, KES

There was no significant correla-

tion between upper and lower 

muscle strength and fatigue in the 

cancer survivor group.

16

Neefjes et al., 

2017  

(Netherlands)

233 patients with lung, colorec-

tal, prostate, or breast cancer who 

were undergoing chemotherapy or 

RT (n = 151 in the L3 group, and 

n = 82 in the T4 group); mean age 

of 63.6 years (SD = 9.9)

 ɐ Subjective: FACT-F

 ɐ Objective: SMI

Higher SMI in the L3 group was 

significantly associated with less 

CRF for men but not for women 

(b = 0.034, p = 0.039); no signifi-

cant association between SMI and 

CRF was found in the T4 group.

16

Continued on the next page
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TABLE 1. Results of Selected Studies (N = 25) (Continued)

Study and Country Sample CRF Measures Findings Quality Scorea

Newton et al., 

2018  

(Australia)

229 patients with prostate 

cancer receiving ADT; mean 

age of 69 years (SD = 8.6)

 ɐ Subjective: 

EORTC-QLQ-C30-F

 ɐ Objective: LM, FM, body fat 

percentage

Greater fatigue was associated 

with lower total LM (r = –0.182, p = 

0.042); there were no associations 

among FM, body fat percentage, 

and fatigue.

17

Schvartsman  

et al., 2017  

(United States)

222 patients with advanced 

GI, gynecologic, or lung cancer 

receiving palliative care; mean 

age of 54.5 years

 ɐ Subjective: BFI, 

EORTC-QLQ-C30-F

 ɐ Objective: HGS, LM

BFI and EORTC-QLQ-C30-F had weak 

associations with HGS (b = –0.18, 

p = 0.007; b = –0.134, p = 0.048); 

there were no associations among 

LM, BFI, or EORTC-QLQ-C30-F. 

18

Tonosaki, 2012a 

(Japan)

19 patients with leukemia 

(n = 10 men and n = 9 women) 

before SCT and after treatment; 

mean age of 40.2 years (SD = 

11.39)

 ɐ Subjective: JCFS

 ɐ Objective: BMI

Fatigue scores correlated negatively 

with BMI; patients with lower 

body weight felt more fatigued at 

follow-up (after treatment).

14

Tonosaki, 2012b  

(Japan)

25 patients with leukemia (n = 

13 women and n = 12 men) 

who were scheduled for initial 

SCT; mean age of 40.8 years 

(SD = 10.46)

 ɐ Subjective: JCFS

 ɐ Objective: BMI, KES, ankle 

strength (ankle plantar flex-

ion and ankle dorsiflexion)

Predischarge fatigue scores showed 

strong correlations with baseline 

ankle strength (b = –0.99, p = 

0.00) and predischarge ankle 

strength (b = –0.91, p = 0.02); 

there was a significant association 

between predischarge fatigue in 

patients with a BMI greater than 

23.5 and baseline ankle strength.

14

Vance et al., 

2019  

(Canada)

28 patients with stage I–IIIA 

breast cancer during and after 

chemotherapy; mean age of 

49.8 years (SD = 8.5)

 ɐ Subjective: FSI

 ɐ Objective: BMI, body weight

There was a negative significant 

association between fatigue dura-

tion and weight changes and no 

association between other domains 

of fatigue and BMI.

17

Van Weert et al., 

2006  

(Netherlands)

62 patients with breast, head 

and neck, or gynecologic 

cancer, or lymphoma who were 

undergoing treatment (n = 

52 women and n = 10 men); 

mean age of 51.6 years (SD = 

9.6)

 ɐ Subjective: MFI

 ɐ Objective: elbow strength 

(flexion and extension), KES

Fatigue and reduced motivation 

were negatively associated with 

lower extremity force; there was no 

association with upper extremity 

force; physical fatigue was negatively 

associated with upper and lower 

extremity force; reduced activity and 

mental fatigue were not associated 

with upper and lower extremity force.

16

Veni et al., 2019  

(France)

14 patients with breast cancer 

who had received chemother-

apy within the past 3 months 

and 11 controls; mean age of 

53 years (SD = 11) for patients 

and 51.4 years (SD = 10.1) for 

healthy controls

 ɐ Subjective: 

EORTC-QLQ-C30-F

 ɐ Objective: exercise fatigabili-

ty (hand grip fatigue test)

Physical fatigue was associated with 

maximum force (b = –0.27, p < 

0.05) and critical force (b = –0.62, 

p < 0.05); emotional fatigue was 

negatively associated with maximum 

and critical force and force variability; 

cognitive fatigue was associated with 

critical force and force variability.

15

Continued on the next page
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Muscle Strength

Three muscle strength measures (HGS, KES, and the 

STS test) were examined for their correlation with 

CRF using a meta-analysis (see Table 3).

HGS was most commonly used to measure upper 

extremity strength using a hand grip dynamometer 

with an adjustable grip dynamometer. Nine stud-

ies used HGS to examine the relationship between 

fatigue and upper limb strength (Brown et al., 2005; 

Kalter et al., 2016; Kilgour et al., 2010, 2013; Morishita 

et al., 2018; Schvartsman et al., 2017; Veni et al., 2019; 

Wang et al., 2020; Winters-Stone et al., 2008). The 

mean range of HGS was 18.5–32.7 kg among patients 

with cancer. Six studies revealed a negative associa-

tion between HGS and CRF among (a) individuals 

with cancer who were undergoing chemotherapy or 

radiation therapy (Kilgour et al., 2010, 2013; Veni 

et al., 2019; Wang et al., 2020), (b) individuals who 

had completed their cancer treatments (Kalter et 

al., 2016), or (c) individuals who were receiving pal-

liative care (Schvartsman et al., 2017). Three studies 

showed no correlation between HGS and CRF among 

cancer survivors (Brown et al., 2005; Morishita et al., 

2018; Winters-Stone et al., 2019). The meta-analysis 

using a fixed-effects model showed a negative sum-

mary correlation (r = –0.199, 95% CI [–0.263, –0.135], 

p < 0.001), with low heterogeneity of effect size (Q = 

7.611, p = 0.268, I2 = 21.7).

Mean KES, which was measured with an isokinetic 

dynamometer (Kilgour et al., 2010) or isometric hand-

held dynamometer (Morishita et al., 2018; Tonosaki, 

2012a; Van Weert et al., 2006), ranged from 14.9 to 31.2 

kg. Three studies found a negative correlation between 

KES and CRF among patients who were preparing 

for or who were undergoing anticancer treatments 

(Kilgour et al., 2010; Tonosaki, 2012a; Van Weert et 

al., 2006), whereas one study revealed no correla-

tion between KES and CRF among cancer survivors 

(Morishita et al., 2018). The meta-analysis using a 

fixed-effects model revealed a negative correlation (r = 

–0.303, 95% CI [–0.446, –0.146]), with low heteroge-

neity of effect size (Q = 0.2638, p = 0.267, I2 = 24.183).

The STS test was the most commonly used 

method for examining lower extremity strength, 

TABLE 1. Results of Selected Studies (N = 25) (Continued)

Study and Country Sample CRF Measures Findings Quality Scorea

Wang et al., 2020  

(United States)

187 patients with GI, lung, 

breast, or other cancer, or 

lymphoma during treatment with 

chemotherapy or RT

 ɐ Subjective: BFI

 ɐ Objective: HGS, SMI

CRF was negatively associated 

with HGS (r = –0.266, p < 0.001) 

and SMI (r = –0.258, p < 0.001).

16

Winters-Stone  

et al., 2008 

(United States)

48 patients with breast cancer 

who had completed primary 

treatment; mean age of 68 years 

(SD = 7)

 ɐ Subjective: SCFS

 ɐ Objective: body fat percent-

age, STS

Individuals with a higher body 

fat percentage reported greater 

fatigue (b = 0.29, p < 0.05); the 

STS test was negatively associ-

ated with fatigue.

15

Winters-Stone  

et al., 2019 

(United States)

84 breast cancer survivors 

(stage I–III) who had completed 

primary treatment and 40 con-

trols; mean age of 67.9 years 

(SD = 4.4)

 ɐ Subjective: SCFS

 ɐ Objective: SPPB, STS, HGS, 

body composition (BMI, body 

fat percentage, LM, SMI)

No significant associations were 

reported between SCFS scores 

and the SPPB, HGS, and the STS 

and between SCFS scores and 

body composition.

16

a Observational studies were assessed using the STROBE statement; randomized controlled trials were assessed using the CASP checklist.
ADT—androgen-deprivation therapy; BFI—Brief Fatigue Inventory; BMI—body mass index; BSA—body surface area; CASP—Critical Appraisals Skills 
Programme; CI—confidence interval; CRF—cancer-related fatigue; EMG—electromyographic; EORTC-QLQ-C30-F—European Organisation for Research 
and Treatment of Cancer Quality-of-Life Questionnaire–Core 30–Fatigue; FACT-F—Functional Assessment of Cancer Therapy–Fatigue; FM—fat mass; 
FNS—fatigue numeric scale; FSI—Fatigue Symptom Inventory; GI—gastrointestinal; HGS—hand grip strength; JCFS—Japanese Cancer Fatigue Scale; 
KES—knee extensor strength; LFS—Lee Fatigue Scale; LM—lean mass; MFI—Multidimensional Fatigue Inventory; MFSI-SF—Multidimensional Fatigue 
Symptom Inventory–Short Form; RT—radiation therapy; SCFS—Schwartz Cancer Fatigue Scale; SCT—stem cell transplantation; SMD—skeletal muscle 
density; SMG—skeletal muscle gauge; SMI—skeletal muscle index; SMMI—skeletal muscle mass index; SPPB—short physical performance battery; 
STROBE—Strengthening the Reporting of Observational Studies in Epidemiology; STS—sit-to-stand test; VAT—visceral adipose tissue
Note. STROBE scores range from 0 to 22, with scores of 0–8 indicating low quality, scores of 9–16 indicating moderate quality, and scores greater 
than 16 indicating high quality. CASP scores range from 0 to 11, with scores of 0–3 indicating low quality, scores of 4–7 indicating moderate quality, 
and scores greater than 8 indicating high quality.
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TABLE 2. Characteristics of Muscle Strength and Body Composition Measures and Associations With CRF

Measure Equipment Advantages Disadvantages CRF Association Studies

Muscle strength

Ankle strength Isokinetic handheld dyna-

mometer

Portable and executable; 

better option for individuals 

who need to isolate their 

quads without activating 

other muscles (e.g., glutes)

Should be avoided by people 

with ligament injuries

Tonosaki, 2012b

Elbow flexion/

fatigue motor 

task

Electromyography with 

electrode stimulation

Can detect early-stage 

muscle fatigue; records 

single muscle activity

Only feasible for single 

muscles in indivduals with a 

BMI less than 30; training/

knowledge for measuring 

and interpreting required; 

invasive and painful (requires 

needle electrodes to be 

inserted through skin into 

muscle tissue); less accurate 

results because of distur-

bances in surroundings when 

surface electrodes are used

Kisiel-Sajewicz et al., 

2013; Van Weert et al., 

2006

Hand grip 

fatigue test

A hand grip dynamometer – Motivation dependent Veni et al., 2019

Hand grip 

strength

Digital isometric hand 

grip dynamometer with an 

adjustable grip

Simple and easy to complete, 

cost-effective, portable, and 

executable

Must be adjusted to the hand 

size of the individual, which 

can result in improper results 

if not done properly; does not 

isolate hand strength alone 

because it also requires the 

use of forearm strength

Brown et al., 2005; Kalter 

et al., 2016; Kilgour et al., 

2010, 2013; Morishita et 

al., 2018; Schvartsman 

et al., 2017; Veni et al., 

2019; Wang et al., 2020; 

Winters-Stone et al., 2019

Knee extensor 

strength

Isokinetic dynamometer or 

isometric handheld dyna-

mometer

Considered as a gold 

standard for strength 

measurement; provides mul-

tiple elements of measuring 

muscle strength; portable 

and executable; better option 

for individuals who need to 

isolate their quads without 

activating other muscles 

(e.g., glutes)

More expensive than a hand-

held dynamometer; only 

measured at one position in 

the range of motion; should 

be avoided by people with 

ligament injuries

Kilgour et al., 2010; 

Morishita et al., 2018; 

Tonosaki, 2012b; Van 

Weert et al., 2006

Pounds lifted A handheld dynamometer 

that compresses a steel 

spring and moves a pointer

Cost-effective; tests larger 

muscle groups; portable

Motivation dependent Coleman et al., 2011

Sit-to-stand test A chair of square design 

with arm rest and a timer/

stopwatch

Quick and easy to perform; 

minimal equipment required

Can cause injury if individual 

is not fully warmed up; 

motivation dependent

Brown et al., 2005; Kalter 

et al., 2016; Winters-Stone 

et al., 2008, 2019

SPPB A timer or stopwatch – – Winters-Stone et al., 2019

Continued on the next pageD
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TABLE 2. Characteristics of Muscle Strength and Body Composition Measures and Associations With CRF (Continued)

Measure Equipment Advantages Disadvantages CRF Association Studies

Body composition

Arm muscle 

circumference

Stretch-resistant mea-

suring tape

Simple and easy to assess; 

portable

Poor precision in obese indi-

viduals

Brown et al., 2005

Body surface 

area/SMD/

SMG/VAT

Computed tomography High resolution; can cover 

regional or whole body areas

Potential radiation exposure; 

high cost; size limitations; 

certified radiology technician 

required

Aleixo et al., 2020

BMI Wall-mounted stadiome-

ter and weight scale

Height and weight variables 

available; easy to measure

Does not differentiate between 

muscle and fat or capture 

typical changes that individuals 

go through; may not be equally 

valid across gender, race, 

ethnicity, and age

Aleixo et al., 2020; Basen- 

Engquist et al., 2009; Dhruva 

et al., 2010; Guest et al., 

2013; Inglis et al., 2020; 

Kilgour et al., 2010; Tonosaki, 

2012a, 2012b; Winters-Stone 

et al., 2019

Body fat  

percentage

DXA Wide availability, high preci-

sion, low radiation

Cannot discern skeletal muscle 

mass and quality; certified 

radiology technician required

Guest et al., 2013; Newton et 

al., 2018; Winters-Stone et 

al., 2019

Body weight Weight scale Widely available; easy to 

measure

Does not differentiate between 

muscle and fat

Kumar et al., 2004; Morgado et 

al., 2016; Vance et al., 2019

HMQ and QMQ None – – Kilgour et al., 2010

Lean mass DXA; bioelectric imped-

ance

DXA: wide availability, high 

precision, low radiation; bio-

electric impedance: variable 

cost, safe, and potentially 

portable; applicable in large 

surveys and longitudinal 

studies

DXA: costly, cannot discern 

skeletal muscle mass and 

quality, certified radiology 

technician required; bioelectric 

impedance: measurements 

are sensitive to individual con-

ditions, such as hydration and 

recent activity, and instrument 

predictions may be specific to 

population.

Kilgour et al., 2010; Newton 

et al., 2018; Schvartsman  et 

al., 2017

Skeletal 

muscle index

Axial computed tomog-

raphy

High resolution; can cover 

regional or whole body areas

Potential radiation exposure; 

high cost; size limitations; 

certified radiology technician 

required

Aleixo et al., 2020; Kilgour et 

al., 2010; Neefjes et al., 2017; 

Wang et al., 2020

Skinfold 

thickness

Skinfold calipers Simple and easy to assess; 

portable

Poor precision in obese indi-

viduals; age-related skinfold 

compressibility changes are 

related to losses in skin elastic-

ity and increases in viscoelastic 

recovery time; skinfolds often 

difficult to measure in older 

adults because of underlying 

muscle tone loss

Brown et al., 2005

BMI—body mass index; CRF—cancer-related fatiuge; DXA—dual-energy x-ray absorptiometry; HMQ—hamstring muscle quality; QMQ—quadriceps 
muscle quality; SMD—skeletal muscle density; SMG—skeletal muscle guage; SPPB—short physical performance battery; VAT—visceral adipose tissue
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with scores ranging from 8.36 to 19.1 seconds (Brown 

et al., 2005; Kalter et al., 2016; Winters-Stone et al., 

2008, 2019). Three studies indicated a significant 

negative correlation between the STS test and CRF 

among patients who had completed cancer treat-

ment (Kalter et al., 2016; Winters-Stone et al., 2008) 

or who were receiving palliative care (Brown et al., 

2005) after controlling for age and gender. One study 

revealed no correlation between the STS test and CRF 

among patients who had completed cancer treatment 

(Winters-Stone et al., 2019). The meta-analysis using 

a random-effects model revealed a negative correla-

tion (r = –0.271, 95% CI [–0.45, –0.072], p < 0.001), 

with moderate heterogeneity of effect size (Q = 8.625, 

p = 0.035, I2 =65.216).

Body Composition

Five body composition measures (BMI, SMI, BW 

change, LM, body fat percentage) were examined for 

their correlation with CRF using a meta-analysis (see 

Table 4).

BMI was most commonly used to examine the cor-

relation between body composition and CRF (Aleixo 

et al., 2020; Basen-Engquist et al., 2009; Dhruva et al., 

2010; Guest et al., 2013; Inglis et al., 2020; Kilgour et 

al., 2010; Tonosaki, 2012a, 2012b; Winters-Stone et 

al., 2019). The mean range of BMI was 19.7–36.8 kg/

m2. Of the nine studies that evaluated the correla-

tion between BMI and CFR, three studies revealed a 

significant negative correlation among mixed cancer 

groups (Dhruva et al., 2010; Kilgour et al., 2010; 

TABLE 3. Correlations Between Cancer-Related Fatigue and Muscle Strength Measures

Study Correlation 95% CI Z p

Hand grip strength

Kalter et al., 2016 –0.1 [–0.24, 0.045] –1.357 0.175

Kilgour et al., 2010 –0.34 [–0.517, –0.135] –3.187 0.001

Kilgour et al., 2013 –0.212 [0.398, –0.01] –2.056 0.039

Schvartsman et al., 2017 –0.226 [–0.348, –0.096] –3.38 0.000

Veni et al., 2019 –0.27 [–0.7, 0.304] –0.918 0.359

Wang et al., 2020 –0.266 [–0.394, –0.127] –3.697 0.000

Winters-Stone et al., 2019 –0.02 [–0.233, 0.195] –0.18 0.857

Total –0.199 [–0.263, –0.134] –5.881 0.000

Knee extensor strength

Kilgour et al., 2010 –0.2 [–0.397, 0.015] –1.825 0.068

Tonosaki, 2012b –0.505 [–0.751, –0.137] –2.609 0.009

Van Weert et al., 2006 –0.39 [–0.628, –0.085] –2.471 0.013

Total –0.303 [–0.446, –0.146] –3.688 0.000

Sit-to-stand test

Brown et al., 2005 –0.588 [–0.788, –0.275] –3.373 0.001

Kalter et al., 2016 –0.1 [–0.24, 0.045] –1.357 0.175

Winters-Stone et al., 2008 –0.348 [–0.577, –0.068] –2.409 0.016

Winters-Stone et al., 2019 –0.19 [–0.389, 0.025] –1.731 0.083

Total –0.271 [–0.45, –0.072] –2.644 0.008

CI—confidence intervalD
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TABLE 4. Correlations Between Cancer-Related Fatigue and Body Composition Measures

Study Correlation 95% CI Z p

Body fat percentage

Guest et al., 2013 –0.03 [–0.331, 0.276] –0.187 0.851

Newton et al., 2018 0.3 [–0.455, 0.804] 0.758 0.448

Winters-Stone et al., 

2008

0.29 [0.01, 0.528] 2.025 0.043

Total 0.157 [–0.047, 0.349] 1.512 0.131

Body mass index

Aleixo et al., 2020 0.17 [–0.028, 0.355] 1.682 0.093

Basen-Engquist et al., 

2009

0.402 [0.108, 0.632] 2.626 0.009

Dhruva et al., 2010 –0.054 [–0.281, 0.178] –0.452 0.651

Guest et al., 2013 0.1 [–0.21, 0.392] 0.627 0.531

Inglis et al., 2020 0.118 [0.036, 0.198] 2.809 0.005

Kilgour et al., 2010 –0.46 [–0.658, –0.202] –3.337 0.001

Tonosaki, 2012a –0.575 [–0.816, –0.164] –2.62 –0.009

Total –0.016 [–0.212, 0.181] –0.159 0.874

Body weight change

Kumar et al., 2004 0.479 [0.362, 0.58] 7.285 0.000

Morgado et al., 2016 0.392 [0.014, 0.672] 2.03 0.042

Vance et al., 2019 –0.46 [–0.711, –0.105] –2.487 0.013

Total 0.161 [–0.411, 0.642] 0.53 0.596

Lean mass

Kilgour et al., 2010 –0.353 [–0.527, –0.15] –3.317 0.001

Newton et al., 2018 –0.182 [–0.344, –0.009] –2.066 0.039

Schvartsman et al., 2017 –0.041 [–0.177, 0.097] –0.582 0.561

Total –0.18 [–0.348, –0.002] –1.982 0.047

Skeletal muscle index

Aleixo et al., 2020 –0.26 [–0.435, –0.066] –2.607 0.009

Kilgour et al., 2010 –0.304 [–0.486, –0.095] –2.821 0.005

Neefjes et al., 2017 0.126 [–0.002, 0.251] 1.927 0.054

Wang et al., 2020 –0.258 [–0.387, –0.119] –3.581 0.000

Total –0.17 [–0.382, 0.06] –1.453 0.146

CI—confidence intervalD
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Tonosaki, 2012a). In comparison, two studies found 

a positive correlation in the breast cancer group 

during chemotherapy treatment (Aleixo et al., 2020; 

Inglis et al., 2020), and four studies showed no cor-

relation (Basen-Engquist et al., 2009; Guest et al., 

2013; Tonosaki, 2012b; Winters-Stone et al., 2019). In 

addition, seven cross-sectional studies were included 

in the meta-analysis (Aleixo et al., 2020; Basen-

Engquist et al., 2009; Dhruva et al., 2010; Guest et al., 

2013; Inglis et al., 2020; Kilgour et al., 2010; Tonosaki, 

2012a), excluding Tonosaki (2012b) and Winters-

Stone et al. (2019) because of the absence of raw data. 

The random-effects model revealed nonsignificant 

correlation with the heterogeneity of effect size (Q = 

31.106, p = < 0.001, I2 = 80.71).

Four studies evaluated the correlation between 

SMI and CRF (Aleixo et al., 2020; Kilgour et al., 

2010; Neefjes et al., 2017; Wang et al., 2020). The 

meta-analysis with the random-effects model showed 

no significant association between SMI and CRF 

(heterogeneity of effect size: Q = 22.93, p < 0.001, 

I2 = 86.919). Three studies evaluated the correlation 

between BW change and CRF (Kumar et al., 2004; 

Morgado et al., 2016; Vance et al., 2019). No sig-

nificant association between BW change and CRF 

(heterogeneity of effect size: Q = 23.011, p < 0.001, 

I2 = 91.308) or LM and CRF (heterogeneity of effect 

size: Q = 6.401, p = 0.041, I2 = 68.755) was indicated 

in the meta-analysis with the random-effects model 

(Kilgour et al., 2010; Newton et al., 2018; Schvartsman 

et al., 2017). Three studies evaluated the correlation 

between body fat percentage and CRF (Guest et al., 

2013; Newton et al., 2018; Winters-Stone et al., 2008). 

The meta-analysis with a fixed-effects model showed 

no significant association between body fat percent-

age and CRF (heterogeneity of effect size: Q = 2.42, p = 

0.2971, I2 = 17.532).

Discussion

To the authors’ knowledge, this review is the first to 

systematically appraise and summarize the evidence 

on muscle strength and body composition measures 

as potential indicators for CRF. This review found that 

HGS, KES, and the STS test may be potential indica-

tors for assessing CRF. HGS was the most commonly 

used method to examine the correlation with CRF 

and revealed a significant negative association in the 

meta-analysis. KES and the STS test were the most 

commonly used methods to measure lower extrem-

ity strength, and the meta-analysis showed a negative 

association with CRF. BMI was most commonly used 

among body composition measures; however, the 

meta-analysis indicated a nonsignificant correlation 

with CRF.

HGS demonstrated a significant negative asso-

ciation with CRF. HGS is a preferred performance 

measure because it is rapid, straightforward, inex-

pensive, and noninvasive to implement (Taekema 

et al., 2010). HGS is also significantly associated 

with overall body strength (Taekema et al., 2010; 

Wind et al., 2010); therefore, it is considered to be a 

potential indicator for CRF. However, some selected 

studies reported a nonsignificant association (Brown 

et al., 2005; Morishita et al., 2018; Winters-Stone et al., 

2019). Poole et al. (2016) argued that maximum grip 

strength is not related to metabolic exercise inten-

sity domains and fatigue development. They further 

indicated that critical force describes the relationship 

of muscle force–duration, which allows for identify-

ing a fatigue threshold (Poole et al., 2016). Veni et al. 

(2019) examined the correlation between CRF and 

critical force and the maximum force of hand grip 

and found that critical force strongly correlates with 

CRF; maximum force was revealed to be nonsignifi-

cant. The relationship between critical force (muscle 

force–duration) and fatigue mechanisms needs fur-

ther investigation.

KES and the STS test were most commonly used 

to examine the relationship with CRF, and it has been 

reported that CRF is significantly associated with 

lower extremity strength. Several studies demon-

strated that decreased lower extremity strength in 

patients tended to be associated with lower physical 

function and higher levels of CRF (Brown et al., 2005; 

Kalter et al., 2016; Tonosaki, 2012a; Van Weert et al., 

2006; Winters-Stone et al., 2008). Lee et al. (2017) 

indicated that physical activity and activities of daily 

living were strongly associated with lower extremity 

strength. Activities, such as walking, stair climbing, 

and getting up from a chair, require adequate muscle 

strength and balance function, which suggests that 

lower limb muscle strength and function may be 

important intervention targets when aiming to reduce 

fatigue and improve physical function (Bower et al., 

2018).

Isokinetic dynamometry and handheld dyna-

mometry were two instruments used to objectively 

measure KES in the included studies. The handheld 

dynamometer was more frequently used to measure 

lower extremity muscle strength (Morishita et al., 

2018; Tonosaki, 2012b; Van Weert et al., 2006); only 

one study reported using an isokinetic dynamome-

ter to measure KES (Kilgour et al., 2010). Whiteley 

et al. (2012) indicated that when considering ease of 
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use, portability, cost, and compact size, a handheld 

dynamometer can be a reliable and valid instrument 

for muscle strength assessment in a clinical setting. 

A systematic review by Stark et al. (2011) examined 

the correlation between handheld and isokinetic 

dynamometry and demonstrated minimal differences 

between the two tests. Stark et al. (2011) also reviewed 

the handheld dynamometer’s reliability and validity 

in healthy populations and found that various stud-

ies revealed a lack of homogeneity in methodology 

for applying a handheld dynamometer, underlying the 

need for a standard protocol. Reese (2005) reported 

that studies that do not standardize the muscle test-

ing techniques might result in poor outcomes.

Results from the meta-analysis of BMI and BW 

indicated a nonsignificant correlation with CRF in 

this review. Several studies revealed that a higher level 

of fatigue was negatively associated with lower BMI 

(Dhruva et al., 2010; Kilgour et al., 2010; Tonosaki, 

2012b), whereas other studies indicated that a higher 

level of fatigue was positively associated with higher 

BMI among patients with cancer (Aleixo et al., 2020; 

Inglis et al., 2020). Similarly, Vance et al. (2019) and 

Morgado et al. (2016) found that more significant 

levels of fatigue and longer fatigue duration were 

associated with BW loss, whereas Kumar et al. (2004) 

found that based on the Fatigue Symptom Inventory, 

duration of fatigue was positively correlated with 

weight gain. It should be noted that the conflict-

ing results among those studies may be because of 

reduced physical activity over time. Several follow-up 

studies in patients with leukemia found that patients 

with higher fatigue had gained weight during hos-

pitalization but lost weight after returning home 

(Tonosaki, 2012a, 2012b). Decreased activity and 

movement while receiving anticancer treatment 

during hospitalization may contribute to weight gain 

(Schvartsman et al., 2017). However, BMI is an indi-

rect way to assess body composition, and it does not 

discriminate between adiposity and fat-free mass or 

reflect the distribution of these components in the 

body (Okorodudu et al., 2010). Using combinations 

of BMI and advanced body composition measures, 

such as dual-energy x-ray absorptiometry, computed 

tomography, or magnetic resonance imaging, can 

improve the differentiation of the multiple compo-

nents of body composition (Toomey et al., 2015).

The majority of studies were focused on individu-

als who were White, and only three studies recruited 

non-White participants. None of the studies discussed 

the relationship between CRF and muscle strength or 

body composition measures across populations from 

different countries. Swen et al. (2017) highlighted 

that racial disparities in CRF, muscle strength, and 

body composition might exist. Several studies also 

indicated that Black women with breast cancer partic-

ularly experience greater levels of CRF than women 

of other racial/ethnic groups. This could be because 

Black women may undergo more aggressive treat-

ment regimens because they are more likely than 

women of other races to be diagnosed with late-stage 

breast cancer (Carey et al., 2006; Swen et al., 2017). 

Marzetti et al. (2018) found that muscle mass and 

muscle strength were significantly greater among 

Italian participants compared to healthy Taiwanese 

patients. Studies that include multiple races should 

consider that differences may reflect disparities in 

lifestyle, nutritional or environmental exposures, and 

cultural backgrounds (Mountain & Risch, 2004). It 

also should be noted that there is significant disagree-

ment in the cutoff point value of different measures 

(muscle strength or body composition) in different 

races (Carey et al., 2006; Chen et al., 2014).

Participant age ranges are another crucial con-

sideration when comparing results across studies. 

Participant ages in the included studies ranged from 

40.2 to 68 years. Abe et al. (2016) indicated that muscle 

strength showed no difference among those aged 

20–49 years but revealed significantly lower results in 

older age groups. Batsis and Villareal (2018) reported 

that loss of strength and muscle mass was higher 

among adults aged 60 years or older when compared 

to other ages. Therefore, comparing results across a 

wide range of ages may not be appropriate. Additional 

research examining the relationship between CRF 

and muscle strength in various age groups is needed.

The consideration of nutritional status and periph-

eral neuropathy, such as chemotherapy-induced 

KNOWLEDGE TRANSLATION

 ɐ Hand grip strength (HGS), knee extensor strength (KES), and the 

sit-to-stand (STS) test were the most commonly used methods for 

assessing the correlation between muscle strength and cancer- 

related fatigue (CRF).

 ɐ HGS, KES, and the STS test showed a weak to fair negative associ-

ation with CRF; there was no significant association between CRF 

and body composition measures in the meta-analysis.

 ɐ HGS, KES, and the STS test were considered to be potential objec-

tive indicators of CRF because the measures were rapid, straight-

forward, inexpensive, and noninvasive to implement in clinical 

settings.
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or diabetes-related causation, on the relationship 

between CRF and muscle strength and body com-

position was not discussed in the selected studies. A 

cross-sectional study by Guest et al. (2013) examined 

the association between diet components and CRF in 

breast cancer survivors and found that CRF was posi-

tively associated with fat intake and inversely related 

to fiber and carbohydrate intake. Kilgour et al. (2010) 

also found that a low albumin level was significantly 

correlated to increased CRF and low muscle mass, 

respectively. The effects of cancer-related symptoms, 

such as peripheral neuropathy, on fatigue need to be 

considered. Individuals with cancer who are receiving 

chemotherapy may experience peripheral neuropa-

thy, with symptoms such as tingling or numbness of 

the hands or feet or a weak and heavy feeling in the 

arms and legs affecting muscle strength (Beijers et al., 

2014). As a result, nutritional factors and peripheral 

neuropathy should be considered when examining 

the relationship between CRF and muscle strength 

and body composition.

The selection of CRF indicators could not be 

sufficiently determined through the cross-sectional 

studies in this review. The determination of the cutoff 

values of the selected measures should also be based 

on longitudinal, outcomes-based studies. Although 

this review included mostly cross-sectional stud-

ies and only one RCT, the findings provide insight 

that may guide future research. Discrepancies across 

studies may have resulted partially because CRF 

accounts for complex factors, such as demographic 

characteristics, treatment status, type of treatment, 

cognitive status, distress, or spiritual suffering in 

patients with cancer (Berger et al., 2012). Age and 

gender were the most commonly controlled con-

founding factors among the selected studies. Age 

was associated with muscle mass loss and strength 

among older individuals, but gender was not sig-

nificantly associated with CRF and muscle strength 

(Kalter et al., 2016; Kilgour et al., 2010, 2013). HGS, 

KES, and the STS test may be indirect indicators for 

CRF but still act as vital predictive indicators in CRF 

assessment (Kalter et al., 2016). Therefore, future 

studies are necessary to clarify the moderating role 

of muscle strength.

Limitations

This review has several limitations. The majority of 

studies used a cross-sectional design, with a single 

time point measure, so the identified relationships 

can be interpreted as associations only. Subsequent 

studies should consider adopting longitudinal designs 

to highlight the causal relationship between muscle 

strength and body composition and CRF.

It is vital to evaluate the reliability and validity of 

the muscle strength and body composition measures 

and select a reliable measure to ensure consistency. 

However, the studies included in this review were not 

designed to examine reliability, validity, and respon-

siveness (changes over time). As a result, this review 

could not evaluate preferred measures for CRF. 

Additional studies focused on these properties are 

needed.

The correlation between muscle strength and 

body composition measures and CRF was examined 

using different analytical approaches and various 

methods of statistical analyses, posing difficulty in 

comparing and synthesizing results. Associations of 

muscle strength and fatigue need further research. 

This review also included multiple types of cancer 

in different stages of treatment. Significantly differ-

ent cancer types are associated with heterogeneous 

symptom profiles; therefore, the findings must be 

interpreted with caution when extrapolated for use 

with one particular cancer type.

Implications for Nursing

Because current CRF measures in clinical settings are 

mainly subjective self-report scales, objective mea-

sures might help to assess CRF more concretely. The 

evidence revealed significant correlations between 

HGS, KES, and the STS test and CRF, so these muscle 

strength measures might be potential indicators for 

assessing CRF in patients. HGS, KES, and the STS 

tests were rapid and straightforward to use, which 

might help clinical professionals to better assess CRF 

and develop improved interventions. Objective and 

subjective assessments of CRF have their own advan-

tages and disadvantages. Combining objective and 

subjective measures of fatigue could not only pro-

vide a more holistic understanding of CRF but also 

assist clinical professionals in addressing CRF more 

accurately and evaluating the effectiveness of current 

interventions.

Conclusion

Although CRF is a complex and multifactorial 

symptom and its specific etiology remains unclear, 

this systematic review provided evidence support-

ing that there are potential objective indicators for 

assessing CRF in patients with cancer. HGS, KES, 

and the STS test were the most commonly used 

muscle strength measures and, based on the results 

of the meta-analysis, were found to be potential 
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objective CRF indicators. These measures were also 

determined to be easy to assess and use for both cli-

nicians and patients. Although the meta-analysis with 

fixed-effects model revealed that CRF was negatively 

correlated with HGS, KES, and the STS test, there 

were no significant correlations between CRF and 

body composition measures. Future studies should 

investigate the sensitivity, reliability, and validity of 

objective CRF measures, as well as consider the effect 

of age differences on muscle strength.
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