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ABSTRACT

Cancer related fatigue (CRF) is one among the common distressing symptoms experienced by cancer patients. Evidence showed
that exercise interventions are effective in decreasing CRF. This review is to evaluate the evidence of the effectiveness of exercise
interventions on CRF among adults with varied types of cancer in all phases of the cancer trajectory. A literature review with
meta-analysis of randomized controlled trials (RCTs) was conducted. The results of RCTs (n = 20) that examined the effects of
exercise on CRF were combined using two approaches: meta-analysis (n = 18) and summative analysis (n = 2). A summary
effects size of the standardized mean difference (SMD) with 95% confidence intervals was calculated using random effects model
and heterogeneity was assessed with the I2 statistic. The results showed overall, a small but significant decrease in the level of
CRF (SMD, -0.32; 95% CI, -0.51 to -0.12; p = .002) was observed following exercise intervention. Subgroup analyses showed
that both mixed modes (combination of resistance and aerobic exercises) and aerobic exercises were effective in significantly
reducing CRF (p = .033; p = .046 respectively). The results indicated substantial heterogeneity between studies (I2 = 79%; p ≤
.0001). Summative analysis also suggested that exercise may be effective in reducing CRF. In conclusion, both resistance and
aerobic exercises may be effective in decreasing CRF in adult patients. The result needs to be interpreted with caution due to
considerable between-study heterogeneity.
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1. INTRODUCTION

Cancer related fatigue (CRF) is one of the most common, dis-
tressing and debilitating symptoms with nearly 91% of cancer
patients in different stages of the disease experience.[1, 2] The
National Comprehensive Cancer Network (NCCN) defines
CRF as the “distressing, persistent, subjective sense of physi-
cal, emotional, and cognitive tiredness or exhaustion related

to cancer or cancer treatment, which is not proportional to
recent activity, and interferes with usual functioning” (para.
1).[3] CRF is a multi-dimensional symptom that is differ-
ent from normal tiredness: it cannot be reversed by rest or
sleep[4] and the onset of CRF is more rapid, severe, and en-
ergy draining than normal fatigue.[5] The prevalence of CRF
varies in different phases of cancer: about 40% at diagno-
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sis,[6] 70% to 100% during active cancer treatment,[7] 30%
during post cancer treatment,[7] more than 75% in patients
with metastatic or advanced stages of cancer,[6] and 17% to
56% in long term cancer survivors.[8]

Patients with CRF have found their situation debilitating, as
it directly interferes with their ability to function physically,
mentally, emotionally, spiritually, and socially, resulting in a
substantial reduction in their Quality of life (QOL).[9, 10] The
physical effects of CRF include decreased functional activ-
ity leading to a profound inability to perform the day-to-day
activities of life.[6] The psychological effects of CRF are feel-
ings of hopelessness, uncertainty, anxiety, mood disturbance,
increased depression, loss of employment, and reduced in-
volvement in social activities.[9] Cognitive effects of CRF
include an altered thought process, decreased performance
of intellectual work, decreased attention span, lowered deci-
sion making and problem solving abilities, and difficulty in
tackling mental tasks.[4]

The pathophysiology of CRF is not well understood.[11] It is
presumed that the potential causes and mechanisms of CRF
are the tumor itself, the treatment and the accompanying
physical and psychological illness.[11] Causes of CRF re-
lated to cancer treatment include chemotherapy, radiotherapy,
surgery, stem cell transplant, biological response modifiers,
and use of concurrent medications such as opioids.[3]

There is some evidence that suggests exercise as one of the
non-pharmacological interventions to manage the symptoms
of CRF.[12] A variety of exercise interventions have been
used for the management of CRF, such as supervised and
home-based exercises consisting of low to moderate aero-
bics, high-intensity resistance training, or a combination of
these.[1, 10] Exercise is a planned, structured physical activity
with the intention to improve or sustain physical or cardio-
respiratory fitness.[13] Physical activity is described as any
bodily movement generated by skeletal muscle resulting in
energy expenditure.[13]

The potential benefits of exercise are improved aerobic ca-
pacity, physical function, strength, and flexibility to maintain
a healthy body composition as well as a healthy body im-
age.[14] Exercise not only impedes and controls cancer, it
also improves the physical, mental, and emotional dimen-
sions of fatigue and QOL.[15] Cramp and Byron-Daniel[16]

evaluated the effects of exercise on CRF during and after
cancer treatment among adult patients with varied types of
cancer. They found a statistically significant reduction of
fatigue in an exercise group compared to a control group
(standardized mean difference [SMD] -0.27, 95% confidence
interval [CI] -0.37 to -0.17). A recent systematic review also
supported the benefits of exercise. Paramanandam and Dunn

reported that breathing, relaxation, and aerobic exercises are
beneficial and safe in managing CRF among lung cancer
patients.[15]

Different studies have examined the effects of exercise on
CRF. But these studies were limited and focused on patients
with specific type of tumors such as lung and colorectal can-
cers,[15, 17] and the primary focus was not on fatigue.[17] The
only Cochrane review which examined the effect of exercise
on CRF in adults was focused on patients with specific cancer
trajectory such as during and after cancer treatments.[16] As a
result, our understanding of the overall effects of exercise on
patients in different cancer trajectory is limited. Therefore,
the purpose of this review is to systematically evaluate the
current body of evidence on the effectiveness of exercise
interventions in influencing the level of CRF among the adult
cancer population with varied types of cancer in all phases of
the cancer trajectory. The research question framed for this
review is “in adults with different types of cancer and in dif-
ferent phases of the cancer trajectory, is exercise intervention
more effective in decreasing the level of CRF in comparison
to the non-exercise intervention?”

2. METHOD
A literature review with a meta-analysis of randomized con-
trolled trials (RCTs) was used to examine the current evi-
dence on the effectiveness of exercise interventions in man-
aging CRF.

2.1 Search methods
An initial literature search was conducted in the databases
of the Cumulative Index of Nursing and Health Allied Liter-
ature (CINHAL), PubMed, MEDLINE, EMBASE, SPORT
Discus, Cochrane, and the Middle Eastern and Central Asian
Studies. The data search was performed from 15 April 2015
to 15 June 2015 and included research studies from the pe-
riod between the years 2009 to May 2015. The key search
threads used to form the search strategies were exercise inter-
ventions, cancer features and fatigue features. The Medical
Subject Headings (MeSH) search terms used for the review
are detailed in Table 1. The Boolean operator AND was used
between these MeSH terms to locate the review topic exer-
cise intervention for the management of CRF in the search
strategy.

A three-step search strategy was used for the current review.
The limiters year of publication, English language, human,
and peer reviewed full text articles were applied to the iden-
tified results from each database. In the same sequence, a
second search was done using alternate MeSH terms (see
Table 1). Finally, a manual search of the key literature, iden-
tified by the databases and previous reviews, was carried
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out.

2.2 Study eligibility criteria
The format of the population, intervention, comparison, out-
come, and study (PICOS)[15] was used to help establish the
eligibility criteria for selecting studies to be included in this
review. The population (P) included in this review is RCTs
that evaluated the effects of exercise on CRF in adults 18
years or older with all types of cancer at varied tumor stages
throughout all phases of the cancer trajectory. For the pur-
pose of this review, the cancer trajectory refers to the path
inclusive of during, and after any types of cancer treatment,
in cancer survivors, and end-stage cancer patients. The can-
cer survivor in this review refers to anyone who is living
with a cancer, after the treatment through the balance of
their life. Although, the National Coalition of Cancer Sur-
vivorship pioneered an expanded definition of “survivor” as
anyone from the time of cancer diagnosis, through the bal-
ance of their life.[18] Studies that included patients without a
cancer diagnosis or patients concurrent with malignant and
non-malignant diseases were excluded.

The intervention (I) included in this review includes those
studies in which the treatment group participated in one of
two types of interventions: (a) different types of exercises,
such as aerobics, resistance, and/or flexibility or (b) a com-
bined mode of aerobics, flexibility, and resistance exercises.
The comparison (C) group included in this review includes
those studies where the study participants in the comparison
groups received usual care or did not receive any treatment.
The usual care groups did not receive any specific interven-
tion but received some information, such as how to maintain
normal physical activity or a healthy life style. The outcome
(O) variable included this review is studies that focused on
CRF as the primary or secondary outcome. Further, this
review searched for studies that measured CRF using the
instruments that were validated. A restriction was not posed
on the time of the outcome measure. The study design (S)
included in this review is only RCTs of primary studies that
were peer reviewed and published in English were considered.
The non-experimental studies, or study findings reported in
magazines, dissertations and editorials were excluded.

Table 1. Search terms used for the review
 

 

Feature Search Terms 

Exercise Intervention 
Exercise, exercise therapy, exercise training, physical activity, aerobic exercise, resistance exercise, 
physical training. 

Cancer Features 
Cancer, oncology, malignancy, neoplasm, cancer treatment, chemotherapy, radiotherapy, hormonal 
therapy. 

Fatigue Features Fatigue, cancer related fatigue. 

 

2.3 Study selection process
Potentially relevant studies were identified from the
databases based on the study eligibility criteria. In the ini-
tial phase all duplicate studies were removed. In the sec-
ond phase the title and abstracts were screened for selection
against the study eligibility criteria. In the third phase the
selected articles were read in full detail to confirm their el-
igibility. Selected studies were reviewed by two authors to
confirm eligibility. Finally, those studies which met the eligi-
bility criteria were selected for the data extraction process.

2.4 Risk of bias in individual studies
The Cochrane Collaboration tool was also used to report the
risk of bias of individual studies (see Table 2). This tool
is comprised of six domains: selection bias, performance
bias, detection bias, attrition bias, reporting bias, and other
bias. Each domain is rated with three scoring criteria: (a) low
risk of bias, which indicates the results are not expected to
change significantly; (b) unclear risk of bias, which indicates
existence of some doubts about the results; and (c) high risk

of bias, which indicates existence of an extreme loss of trust
in the results.[38] High risk of bias was considered when
there was inadequate information in a particular domain.[38]

2.5 Data extraction
The data extracted from each of the included studies were
author, year of the study, sample characteristics, mode of
exercise interventions, outcome variables and measures, and
study findings. The extracted data were entered into a pre-
designed literature review matrix (see Table 3). Data ex-
tracted were rechecked by 2 of the authors.

2.6 Data synthesis and analysis
The primary outcome measure of this review was the level
of CRF in patients with varied malignancies and in different
phases of cancer trajectory. To examine the effect of exer-
cise on the level of CRF in cancer patients, the results of 20
RCTs were analyzed and synthesized using two approaches:
a meta-analysis and a summative analysis. A meta-analysis
was used to statistically combine the results from 18 of the 20
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studies. A summative analysis was used to integrate results
from the remaining two studies that were inappropriate to
be included in a meta-analysis; in one study, the nature of
the intervention was distinctive from the rest of the studies

as it was a yoga exercise program, which was specifically
designed for breast cancer patients rather than strength based
or resistance exercise, and in the second study, the necessary
statistics for a meta-analysis were not reported.

Table 2. Assessment of risk of bias using the cochrane collaboration’s tool
 

 

Studies  

Selection Bias 
Performance 

Bias 

Detection 

Bias 

Attrition 

Bias 

Reporting 

Bias 
Other Bias Total Low 

on Risk of 

Bias in each 
Studies 

Random 
Sequence 

Generation 

Allocation 
Conceal- 

ment 

Blinding of 
Participants 

& Personnel 

Blinding of 
Outcome 

Assessment 

Incomplete 
Outcome 

Data 

Selective 
Reporting 

Anything 
else, Pre- 

specified 

Adamsen et al. [19] Low High High High Low Low Low 4/7 

Segal et al. [20] Low Low High High Low low Low 5/7 

Van Weert et al. [21] High Low High Low Low Low Low 5/7 

Dodd et. al. [10] Low* Low Low High  Low Unclear** unclear 4/7 

Donnelly et al. [22] Low Low High High*** Low Low unclear 4/7 

Oldervoll et al. [ 23] Low High High High High Low Low 3/7 

Coleman et al. [24] Low High High High Low Low Low 4/7 

Cho et al. [25] Low Low Low High low Unclear unclear 4/7 

Yeo et al. [26] Low High High High Low Low Low 4/7 

Hayes et al. [27] Low Low Low Low Low Low Unclear 6/7 

Reis et al. [28] Low High High High Low Low Low 4/7 

Buffart et al. [29] High Low High Low Low Low Low 5/7 

Cantarero-Villanueva 

et al. [30] 
Low Low Low Low Low Low Unclear 6/7 

Wenzel et al. [31] Low High High High Low Low Low 4/7 

Broderick et al. [32] Low Low High High Low Low Low 5/7 

Andersen et al. [33] Low High High High Low Low Low 4/7 

Cheville et al. [34] Low High High High Low Low Low 4/7 

Steindorf et al. [35] Low Low High High Low Low Low 5/7 

Taso et al. [36] Low Low High High Low Low Low 5/7 

Cornette et al. [37] Low High High High High Low Low 3/7 

 * Indicates the results are not expected to change significantly; ** Indicates existence of some doubts about the results; *** Indicates existence of an extreme loss of trust in the results. 

A statistical procedure was conducted using the Comprehen-
sive Meta-analysis Software, version three. The effect size of
the included studies was calculated using Cohen’s d, employ-
ing a standardized mean difference. The effect sizes were
considered statistically significant when a p value of ≤ .05
was found. When standard deviations (SD) were not reported
in the studies, the mean and the p values were used to cal-
culate the Cohen’s d effect sizes. When CRF was measured
in multiple dimensions, i.e., total fatigue, mental fatigue and
physical fatigue, the mean value of the total fatigue was used
to calculate the effect size.

The statistical approach of a random-effects model was used
because of the anticipated clinical heterogeneity among stud-
ies.[39] A random effects model indicates that the effects
being assessed in different studies are not identical, but fol-
low some distribution.[39] Heterogeneity among the studies
was computed using I-squared (I2) statistics[40] and Q statis-
tics.[41] The I2 statistics represent the approximate propor-
tion of the total variability in point estimates that can lead

to heterogeneity.[42] The Q test evaluates the null hypoth-
esis that there is no variance in the effect sizes across the
studies included in the analysis.[43] The I2 score of 0% to
30%, indicates no heterogeneity, 30% to 49% moderate het-
erogeneity, 50% to 74% substantial heterogeneity and 75%
to 100% considerable heterogeneity.[44]

3. RESULTS

3.1 Study selection
Of the 1,122 studies originally identified in the search, 213
remained after the limiters were applied. In addition, a man-
ual search of relevant studies yielded 10 more, resulting in a
total of 223 studies. Of the 223 studies, 40 were eliminated
due to duplication, and an additional 154 were excluded be-
cause they failed to meet the study eligibility criteria. The
remaining 29 studies were read in full; subsequently, nine
additional studies were excluded because they did not meet
the eligibility criteria. Finally, a total of 20 studies were
selected to be included in this review (see Figure 1).
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Table 3. Literature review matrix of the 20 studies (randomized controlled trials)
 

 

Study Sample Characteristics Interventions Outcome Variables Outcome Measures Results 

Adamsen 
et al. [19] 

N = 269, CG (n) = 134, IG (n) = 135. 
Attrition rate = 12.6%; Study completion rate 
= 87.4%; Population: Patients with breast, 
bowel, and other malignancies; Age 16-85 
years. 

IG: Structured high and low 
intensity exercise programs: 
Cardiovascular and resistance 
training, relaxation and body 
awareness training. CG: Allowed 
to increase physical activity. 

Fatigue, 
General-wellbeing, 
Aerobic capacity, 
Muscular strength 

Fatigue-European 
Organization for 
Research and 
Treatment of Cancer 
Quality of Life (QOL) 
Questionnaire 
(EORTEC QLQ-30) 

Significant improvement in fatigue level 
noted in IG at 6 weeks as compared to 
CG. 

Andersen 
et al. [33] Same as above Same as above Fatigue, General 

wellbeing, QOL 

Functional 
Assessment of Cancer 
Therapy-Anemia 
Questionnaire; 
(FACT-An).

Significant reduction of Fatigue reported 
in IG as compared to CG. 

Van Weert 
et al. [21] 

N =209, IG (n = 147) (PT = 76, PT + CBT = 
71), CG (n = 62); Attrition rate = 5.7% Study 
completion rate = 94.3%; Population: Breast, 
hematological, urological, lung, and colon 
malignancies; Age ≥ 18 years. 

PT group: Aerobic cycle training, 
strength training, group sports and 
games. All participants: Received 
information on exercise 
physiology and self-management.

Fatigue Multi-Dimensional 
Fatigue Inventory. 

PT group reported significantly lower 
level in 4 domains of fatigue as compared 
to CG. General fatigue (GF) (p = .007), 
physical fatigue (PF) (p ≤ .001), mental 
fatigue (MF) (p = .04).

Buffart et 
al. [29] Same as above Same as above 

QOL, Fatigue,
Physical activity, 
General efficacy, 
Emotional distress.

Multi-dimensional 
fatigue inventory. 

Had direct effect on fatigue and an 
indirect effect through improved physical 
activity and general self-efficacy. 

Segal et  
al. [20] 

N = 121; Usual care (n) = 41; Resistance 
training (n) = 40; Aerobic exercise (n) = 40. 
Attrition rate = 9% 
Study completion rate = 91%; Population: 
Men with prostate cancer. Scheduled to 
receive radiotherapy; Mean age = 66.3 

Resistance training: Exercises 
such as leg extensions, leg curls, 
and seated chest fly. Aerobic 
training: Cycle ergometer, 
Treadmill. Usual care: 
Maintained usual activity.

Fatigue, QOL, 
Physical fitness, 
Body composition, 
PSA, Testosterone, 
Hemoglobin, Lipids. 

Functional 
Assessment of Cancer 
Therapy-Fatigue 
(FACT-F Scale) 

Fatigue improved with resistance and 
aerobic training compared to usual care 
from baseline to 12 weeks. 

Oldervoll 
et al. [23] 

N = 231, IG (n = 121), CG (n = 110) 
Attrition rate = 30%; Study completion rate= 
70%; Population: Metastatic cancer of 
gastrointestinal, breast, lung, urological, 
hematological, others. Life expectancy 3 
months-2years. PS (Karnofsky) score ≥ 60. 
Mean age = 64 years. 

Strengthening exercise: Warm up, 
circuit training, stretching and 
relaxation. Aerobic endurance: 
bicycling or treadmill walking. 
CG: usual care 

Fatigue, Physical 
performance 

Fatigue Questionnaire 
(FQ) 

No significant between-groups effects 
reported. 

Coleman et 
al. [24] 

N = 177, IG (n = 95), CG (n = 92); Attrition 
rate =11%; Study completion rate = 89%. 
Population: Newly diagnosed Multiple 
Myeloma. Mean age = 56 yrs 

IG: Stretching exercise for 
hamstrings, shoulder rotation, 
calves, and hip flexors, Aerobic 
walking. CG: Instructed to remain 
active and to walk for 20 minutes.

Fatigue, Nighttime 
sleep, Aerobic 
capacity. 

Profile of Mood 
States (POMS) 
fatigue Scale and 
FACT-F scale. 

No statistical or clinically significant 
improvement in fatigue level noted 
among the groups. 

Hayes et  
al. [27] 

N = 194, IG: Face to face ( n = 67) + 
Telephone (n = 67), CG (n = 60). Attrition 
rate = 7.2%; Study completion rate = 92.8%; 
Population: Women with breast cancer;Mean 
age = 52 

IG: Aerobics: Mode not reported; 
Strength based: Shoulder press 
exercise using hand weights. 
CG: Received usual care. 

QOL, Fitness and 
upper body function, 
Treatment-related 
side effects, (fatigue, 
lymphedema, body 
mass index, etc.).

Functional 
Assessment of 
Chronic Illness 
Therapy Fatigue 
Scale (FACIT-F) 

In IG, fatigue improved clinically with 
significant fatigue scores in telephone 
group. The CG reported with worsening 
of fatigue at mid-intervention. 

Cornette et 
al. [37] 

N = 44, IG (n = 22), CG (n = 22) 
Attrition rate = 31.8%; Study completion rate 
= 68.2%; Population: Women with early stage 
breast cancer. Mean age = 50.5. 

Aerobic training: cycle ergometer 
and walking; Resistance training: 
(abdominal hamstrings, 
quadriceps, triceps, and gluteus 
maximus). CG : Regular activity

Aerobic capacity,
Functional capacity, 
Muscle strength, 
Fatigue, Anxiety/ 
depression, QOL.

Multidimensional 
Fatigue Inventory 
(MFI-20) 

No treatment effect observed between 
groups (p = .157). 

Cheville et 
al. + 

N = 66; IG = 33, CG = 33; Attrition rate = 
15%; Study completion rate = 85%; 
Population: Stage 4 Lung and colorectal 
cancer, Caucasian ethnicity. Mean age = 64- 
65.5. 

IG: walking 1KM/20 minutes or 
as much participants can walk 
&Rapid, easy& strength training 
exercise targeting the upper & 
lower body; CG: No instruction 
on exercise.

Mobility, Pain & 
sleep quality, 
Fatigue, QOL 

FACT-F At 8 week IG reported improved fatigue 
(p = .02), compared with CG 

Donnelly et 
al. [22] 

N = 33. IG (n = 16). CG (n = 17). Attrition 
rate = 3%. Study completion rate = 97%. 
Population: Women, Gynecological cancer 
(stage 1-3). Age ≥ 18. 

IG: Moderate intensity 
home-based physical activity 
intervention (walking and 
strengthening exercise). CG: No 
advice 

Fatigue, QOL 

Multi-dimensional 
Fatigue Symptom 
Inventory-Short Form 
(MFSI-SF), and 
FACIT-F 

MFSI-SF: Reported significant decrease 
in fatigue level among the IG group at 12 
weeks and at 6 months. FACIT-F: No 
statistically significant difference among 
the groups was found, but the difference 
was clinically significant.

Steindorff 
et al. [35] 

N = 160, IG (n = 80), CG (n = 80); Attrition 
rate = 3%; Study completion rate = 97%; 
Population: Breast cancer with stage 0-3, Age 
= 18 yrs 

IG: Received progressive 
resistance training. 
CG: Received 12-week 
progressive muscle relaxation

Fatigue, QOL 
Fatigue assessment 
questionnaire 
(FAQ) 

IG group = Significant reduction of total 
CRF observed (p = .044). CG: No 
significant improvement of fatigue noted. 

Broderick 
et al. [32] 

N = 43, IG (n = 23); CG (n = 20). Attrition 
rate = 11.5%; Study completion rate = 88.5%; 
Population: Breast, colon, esophageal, 
gynecological cancers and lymphoma. Age = 
25-64 years. 

IG: Supervised aerobic exercise 
(treadmill, rowing machine, and 
stationary bicycle); Home-based 
exercise (brisk walk). CG: 
Normal level of physical activity.

Aerobic fitness 
QOL Fatigue 
Physical activity 

FACIT-F Improvement in fatigue level (SD, 6.7; p 
= .01) in IG group as compared to CG. 

Wenzel et 
al. [31] 

N = 138, IG (n = 73), CG (n = 65). Attrition 
rate = 8.6%; Study completion rate = 91.4%; 
Population: male (61%) & female; All type of 
solid tumors (stage1-3). Age ≥ 21. 

IG: Brisk walk. Usual care: 
Maintained usual activity. 

Fatigue Emotional 
distress Sleep 
disturbance 

PFS 
No significant difference between the 
exercise and control group noted .More 
vigor noted among IG (p = .03). 

Yeo et  
al. [26] 

N = 110, IG (n = 54), CG (n = 48). 
Attrition rate = 13.6%; Study completion rate 
= 86.4%; Population: male (50%) & female 
(50%) post resection of periampullary cancer; 
Mean age = 66-67. 

IG: Walking exercise; CG: 
Received usual care. 

Fatigue Pain 
QOL 

Visual Analogue 
Scale (VAS), 
FACIT-F Scale 

IG group had significantly improved 
fatigue score at the end of the study by 
both fatigue scales as compared to CG (p 
= .05). 

Dodd et  
al. [10] 

N = 119, Group -1 (EE) n = 44; Group-2 (CE) 
n = 36; Group-3 (CC) n = 39; Attrition rate = 
11%; Study completion rate = 89%. 
Population: Breast, colorectal or ovarian 
cancer. Female, ≥ 18 years 

Exercise: Moderate intensity 
walking, jogging, swimming, and 
cycling; EE: Received exercise 
prescription and regular follow up 
throughout study. CE: Received 
exercise prescription and regular 
follow-up after the completion of 
cancer treatment. CC: Received 
only usual care.

Fatigue; Sleep- 
disturbance, 
Depression, Pain. 

Piper Fatigue scale 
(PFS) 

No significant differences noted between 
the groups 

Cho et  
al. [25] Same as above Same as above 

Duration and 
intensity of exercise 
dose, Fatigue, Sleep 
disturbance, 
Depression Pain. 

Piper Fatigue Scale 
(PFS) 

T1 (before chemotherapy): Exercisers 
reported significantly lower total fatigue 
scores and lower sensory and behavioral 
fatigue subscale score. 
T2 (End of treatment): Exercisers 
reported significantly lower mood/ 
cognitive fatigue subscale score than 
non-exercisers. 
T3 (1 year after T1): No significant 
changes noted in fatigue level

Cantarero-
Villanueva 
et al. [30] 

N = 68, IG (n = 34), CG (n = 34). Attrition 
rate = 10%; Study completion rate = 90% 
Population: Breast cancer survivors (stage 
1-3). Mean age = 48 years. 

IG: Aquatic exercise: aerobic and 
endurance exercises; 
CG: Information to maintain a 
healthy life style.

CRF. Mood state, 
Muscular strength 
and endurance 

Piper Fatigue Scale 
(PFS) 

IG reported significant reduction of 
fatigue in all dimensions and total fatigue 
score as compared to CG. 

Reis  
et al. [28] 

N = 41, IG (n = 22), CG (n = 19). Population: 
Attrition rate = Nil; Women with stage I, II, or 
III breast cancer, Mean age = 34-85years. 

Nia group: Nia exercises 
CG: Usual care  

Fatigue, QOL, 
Aerobic capacity, 
Shoulder flexibility

FACIT-F 
The Nia intervention showed 
significantly less fatigue as compared to 
control group (p = .05).

Taso et  
al. [36] 

N = 60, IG (n = 30); CG (n = 30); Attrition 
rate = Nil; Population: Women with stage 1-3 
breast cancer; Age 20-70. 

IG: Yoga exercises; CG: 
Received usual care. 

Anxiety, Depression, 
Fatigue 

Brief Fatigue 
Inventory (BFI) 

Reported significant benefits in fatigue 
level 

Note. CG: control group; IG: intervention group; N: total sample in a study; n: number of participants in each group; PS: performance status; QOL: quality of life. 
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3.2 Risk of bias within studies
As shown in Table 2, two studies showed the lowest risk
of bias; sixteen studies scored between four and five out of
seven, suggesting a low risk of bias; and, two studies showed
a high risk of bias. Generally, 18 studies reported a low
risk of bias related to random sequence generation, attrition
bias and reporting bias. In two studies, random sequence
generation was not followed in the control group.[21, 29] Six-
teen studies reported a high risk of performance bias and
detection bias. Detection bias in the studies was likely due

to the self-reported nature of the subjective outcome, CRF.
Allocation concealment was not reported or not well reported
in half of the studies (n = 9). Five studies had an unclear risk
of other bias that could lead to a high risk of bias because
of the infrequent fatigue assessment and self-reported in-
tervention,[10, 25] self-reported physical activities,[22] lack of
clarity regarding the performance of physical activity during
the follow-up period[30] and study limitations that were not
reported and were unclear.[27]

Figure 1. Flow chart of study selection process
n: number of articles; RCT: Randomized Controlled Trials

3.3 Study characteristics

3.3.1 Participant characteristics

A total of 2,083 participants with different types of cancer,
varied cancer diagnoses and tumor stages were included in
the studies. The range of sample size in each study varied
between 33 and 269 participants. Thirteen out of 20 studies

had a sample size of more than 100, while four studies had
a sample size of less than fifty. 71.5% of study participants
were female with the average age of the participants being
55.38 years. The race of the participants was reported in six
out of 20 studies were 98% to 100% Caucasian.

Participants in the selected studies were diagnosed with var-
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ious types of cancer. Of the 20 studies, 11 included par-
ticipants who had been diagnosed with the similar type of
cancer, such as breast, prostate, multiple myeloma, colorec-
tal, lung malignancies, periampullary adenocarcinoma, or
gynecological cancers. The remaining nine studies included
participants diagnosed with mixed types of cancer, such as
breast, prostate, lung, hematological, colorectal, and other
malignancies. Forty-seven percent of the total study par-
ticipants were diagnosed with breast cancer. Seven other
types of cancer affecting the study participants were: gas-
trointestinal, other malignancies, hematological, prostate,
gynecological malignancies, urological, and lung (see Figure
2).

The phases of treatment the participants were receiving in
the studies were adjuvant or neo-adjuvant chemotherapy or

radiotherapy (n = 11), during and after chemotherapy or ra-
diotherapy (n = 3), or no treatment which includes end stage
diseases (n = 2) and the cancer survivors (n = 4).

3.3.2 Modes of exercise intervention

In this review, 10 out of 20 studies investigated supervised
exercise programs or institution-based exercise programs,
whereas nine studies investigated home-based or unsuper-
vised exercise programs, and one study used a combined
mode of supervised and home based aerobic exercise pro-
grams. Four types of exercise were included in the inter-
vention of studies: aerobics, resistance training, a combina-
tion of aerobics and resistance training (also referred to as
strength-based exercises), and the yoga exercises (see Table
4).

Figure 2. Proportion of study participants’ diagnoses by cancer type

The aerobic exercises prescribed in seven of the studies were:
a moderate intensity walking program (n = 2); walking along
with other modes of aerobic exercises such as cycling, tread-
mill use, swimming, and/or jogging (n = 3); aquatic aerobics
(n = 1) and; a non-traditional Nia exercise (n = 1). The Nia
is a cardiovascular and whole-body exercise program that
assimilates five aspects of a healthy body: strength, flexi-
bility, mobility, alertness, and stability.[28] Of the different
types of aerobic exercise administered, walking was the most
commonly prescribed exercise (n = 5).

One study prescribed moderate-intensity resistance training
exercise for breast cancer patients receiving adjuvant radia-
tion therapy.[35]

A mixed mode exercise program which combined aerobics

and resistance training (strength based exercises) was pre-
scribed in 11 of the studies. These will be referred to as
the mixed modes henceforth. In the mixed mode exercise
intervention, the aerobic portion of prescribed exercises con-
sisted of walking, cycling, treadmill use, swimming, and/or
jogging. The resistance training portion of prescribed exer-
cises incorporated leg extensions, leg curls, seated chest flies,
latissimus pull downs, overhead presses, triceps extensions,
biceps curls, calf raises, and/or modified curl-ups. Exer-
cises such as hamstring stretching, shoulder rotations, calf
exercises, hip flexor exercises, shoulder presses using hand
weights, and climbing up and down steps were incorporated
to strengthen upper and lower extremities.

The other type of exercise intervention prescribed was yoga
exercise.[36]
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Table 4. Modes of exercise intervention used in the studies
 

 

Studies Mixed mode Aerobics Resistance Others Supervised Un supervised 

Adamson et al. [19] x    x  

Andersen, et al. [33] x    x  

Van Weert et al. [21] x    x  

Buffart et al. [29] x    x  

Segal et al. [20] x    x  

Oldervoll et al. [23] x    x  

Coleman et al. [24] x     x 

Hayes et al. [27] x    x  

Cornette et al. [37] x     x 

Donnelly et al. [22] x     x 

Cheville et al. [34] x     x 

Reis et al. [28]  x    x 

Broderick et al. [32]  x   x x 

Wenzel et al. [31]  x    x 

Yeo et al. [26]  x    x 

Dodd et al. [10]  x    x 

Cho et al. [25]  x    x 

Cantarero-Villanueva et al. [30]  x   x  

Steindorf et al. [35]   x  x  

Taso et al. [36]    x x  

 Note. x: studies belong to the modes of exercise intervention. 

 
 3.3.3 Intensity, frequency, and duration of exercise

The intensity, duration, and frequency of exercise interven-
tion varied among studies. The majority of the studies pre-
scribed moderate intensity aerobics or resistance exercises
while Adamson et al.,[19] Andersen et al.,[33] and Hayes et
al.[27] evaluated low-to-high intensity exercises. The dura-
tion of exercise varied between 15 to 60 minutes per session.
In majority of the studies, the duration of exercise lasted be-
tween 120 to 180 minutes per week (n = 13). The frequency
of exercise ranged from two to five times per week. The
length of the exercise intervention varied between six weeks

to one year; however, in majority of studies, the exercise
intervention lasted for eight to 24 weeks (n = 17).

3.3.4 Outcome measures
Eleven different instruments were used to measure CRF in
the studies included in this review (see Table 5). The most
commonly used instruments for the measurement of CRF
were the Functional Assessment of Chronic Illness Therapy
Fatigue Scale (FACIT-F) and the Piper Fatigue Scale (PFS).
Some authors used more than one instrument to measure
different dimensions or a degree of clinical significance (in
addition to a statistical significance) of fatigue.[22, 24, 26]

Table 5. Fatigue assessment tools used in the review
 

 

Fatigue Tools Used in the Review n 

Functional Assessment of Chronic Illness Therapy Fatigue Scale (FACIT-F) 6 

Piper Fatigue Scale (PFS) 4 

Multidimensional Fatigue Inventory (MFI) 3 

Functional Assessment of Cancer Therapy-Fatigue (FACT-F) 2 

Profile of Mood States (POMS)  2 

Brief Fatigue Inventory (BFI) 1 

Multi-dimensional Fatigue Symptom Inventory-Short Form (MFSI-SF) 1 

Visual Analogue Scale (VAS) 1 

Fatigue Assessment Questionnaire (FAQ) 2 

Functional Assessment of Cancer  Therapy-Anemia Questionnaire (FACT-An) 1 

European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTEC-QLQ-30) 1 

 Note. n: number of studies. 
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3.3.5 Adverse events
Except in two studies there were no major adverse events
reported during exercise interventions within the reviewed
studies. In one study, three participants experienced each
of the following episodes: an MI, chest pain and syncope,
respectively.[20] In the other study, 25 participants in the
intervention group experienced ECG changes during the
exercise intervention of walking, swimming, jogging, and
cycling-based aerobic exercises. Subsequently, eight of the
patients withdrew from the study as they were advised from
their primary respective physicians to discontinue with the
exercise.[10]

3.4 Meta-analysis
3.4.1 Overall effect
The results of the meta-analysis examining the overall effect
of exercise interventions on CRF are presented in Figure 3.
The data was pooled using a random effects model, and the
standardized mean differences (SMD) with associated con-
fidence intervals (CI) were calculated. The results showed
a small but significant effect size that may be indicative of
a decreased level of CRF (SMD, -0.32; 95% CI, -0.51 to
-0.12; p = .002). However, heterogeneity was found to be

substantial (Q = 82; I2 = 79%; p = < .0001), indicating a
significant proportion of the overall variation being attributed
to between-study variation. The heterogeneity in the effect
size distribution could be due to the influence of varied study
characteristics or moderator variables, such as variations in
diagnoses, exercise interventions and treatment phases. Be-
cause of this considerable heterogeneity, sub-group analyses
were conducted to explore the possible sources of hetero-
geneity.

3.4.2 Sub-group analyses
The studies were stratified into two sub-groups based on
the type of exercise intervention administered in each study.
The first sub-group, labelled mixed mode exercises, included
participants of studies who received a combination of resis-
tance or strength training and aerobic exercises (n = 10). The
second sub-group, labelled aerobic exercises, consisted of
participants of studies who received exercise intervention of
aerobic-type exercises only (n = 7). A separate meta-analysis
was carried out for each sub-group using a random effects
model to account for between-study variations. Random
effects model: Test for heterogeneity: Q = 82, df = 17, p <
.000I, I2 = 79%.

Figure 3. Forest plot showing the overall effects of exercise on cancer-related fatigue
Note. CI: confidence interval; df: degree of freedom; I2: I2 statistics; Q: Q statistics; Std diff: standard difference

The sub-group analysis for the mixed mode exercises group
indicated that the exercise intervention may be effective in re-
ducing the level of CRF (see Figure 4). The summary effect
size showed a small significant positive change (SMD, -0.28;

95% CI, -0.54 to -0.02; p = .033). Similar to the results of the
overall effect of the exercise, a considerable heterogeneity
was also present in the results for the mixed-modes group (Q
= 52; I2 = 81%; p < .0001)
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Figure 4. Forest plot showing the effects of mixed mode exercise on cancer-related fatigue
Note. CI: confidence interval; df: degree of freedom; I2: I2 statistics; Q: Q statistics; Std diff: standard difference

The sub-group analysis for the aerobic exercise group showed
a significant moderate summary effect size (SMD, -0.41; 95%
CI, -0.82 to -0.01; p = .046), indicating that aerobic exer-
cises may also be effective in decreasing the level of CRF
(see Figure 5). Again, similar to the results for the overall

effect and mixed mode sub-group meta-analysis, the effect
size distribution was found to be considerably heterogeneous
(Q = 30; I2 = 80%; p ≤ .0001), suggesting the influence of
moderator variables in the effect size distribution.

Figure 5. Forest plot showing effects of aerobic exercise on cancer-related fatigue
Note. CI: confidence interval; df: degree of freedom; I2: I2 statistics; Q: Q statistics; Std diff: standard difference

Although the study by Segal et al.[20] administered both re-
sistance and aerobic exercises together, they measured the
outcome separately. Since the criterion for mixed-modes
exercises requires that the effects of both aerobics and resis-

tance training are measured as a single outcome, it could not
be included in the sub-analysis for the mixed-modes group.
Therefore, the aerobic outcome of this study is included in
the aerobic sub-group.
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3.5 Summative analysis
Two studies were inappropriate to be included in a meta-
analysis as they were analyzed in a summative fashion. Dodd
et al.’s[10] study intervention consisting of a home-based mod-
erate intensity aerobic exercise program administered to pa-
tients with various types of cancer, such as breast, colorectal,
or ovarian, was found to be non-significant in reducing CRF
(p = .84). However, a multi-level regression analysis reported
significant linear (p = .02) and quadratic (p = .004) effects
on fatigue. Finally, Taso et al.[36] administered a supervised
yoga exercise intervention to a group of 30 study partici-
pants with breast cancer and found that the intervention was
significantly effective in managing CRF (p ≤ .001).

4. DISCUSSION
The key purpose of this review was to examine the evidence
on the effectiveness of exercise intervention in reducing the
level of CRF among adults with different types of cancer
and who are in different phases of the cancer trajectory. This
review included 20 RCTs in which the effects of different
types, modes, frequencies, and intensities of exercise inter-
ventions on cancer patients’ CRF were studied. The findings
of this review, derived from a meta-analysis of 18 studies (p
= .002) and summative analyses of one out of two studies,
suggest that different types of exercise intervention may sig-
nificantly decrease the level of CRF in people living with
cancer. There is a possibility that exercise interventions may
have some potential effect for people with breast, gynecolog-
ical, and colorectal cancer who are in the early to mid-stages
of the cancer trajectory, but further studies are needed. The
results of subgroup analyses further demonstrate that both
the aerobic (p = .046) and the mixed-modes (p = .033) types
of exercise may be significantly effective in decreasing the
level of CRF.

Although the results of this review need to be interpreted
with caution due to a presence of substantial heterogeneity
between studies, the observed positive effect of exercise in-
tervention in managing CRF offers hope that the debilitating
effects of fatigue in cancer patients can be managed for better
outcomes. Evidence from previous research further supports
this optimism in outcome. In the Cochrane review by Cramp
and Bryon-Daniel[16] which evaluated the effects of exercise
interventions on CRF levels of adult cancer patients during
and after cancer treatment, the authors concluded that exer-
cise is a beneficial intervention in moderating the intensity of
CRF. Similarly, McMillan and Newhouse[45] who conducted
a meta-analysis to examine the effect of exercise intervention
on CRF in cancer patients and survivors have also reported
that exercise intervention significantly decreased the level of
CRF (p = .001).

The findings of sub-group analyses showed that both the
mixed mode and the aerobic-type of exercises significantly
reduced the level of CRF in cancer patients. The type of
activities included in the mixed mode exercise are walking,
cycling and strength based or resistance training, whereas the
type of activities included in aerobic exercise are walking and
cycling. The benefit of mixed mode exercises found in this
review is consistent with the findings of previous research
that showed the benefits of decreased CRF from exercises
such as aerobics, resistance training and stretching.[45, 46]

The benefits of aerobic exercise on reducing the level of CRF
have been previously reported.[47] The Cochrane review also
reported significant benefits of aerobic exercise in reducing
CRF among adult patients with varied types of cancer during
and after cancer treatment.[16]

The findings of the current review seem to suggest that exer-
cises of both the mixed mode and the aerobics are effective
intervention for improving CRF in cancer patients, but further
studies are needed. However, the conclusion about the effec-
tiveness of all types of exercises may be a little premature
as the studies included in this review administered exercises
that varied in type, duration, and intensity, and resulted in dif-
ferent outcomes. For example, a short duration, 20-minute,
limited intensity, home-based, mixed-modes exercise pro-
gram was reported to be effective in reducing the level of
fatigue in patients with advanced stages of colorectal and
lung malignancies (p = .02).[34] However, a long-duration,
60-minute, mixed mode of exercise intervention was ineffec-
tive in reducing the level of CRF in patients with advanced
stages of breast, lung and gastrointestinal malignancies (p =
.53).[23] These conflicting outcomes indicate that the longer
duration of mixed modes of exercise intervention may not be
a realistic option for participants in advanced stages of cancer
living with a life expectancy of less than six months. There-
fore, more studies are needed to examine the differential
impacts of intensity and duration of exercises in participants
with advanced stages of cancer.

Although both sub-groups of exercise in this review were
significantly effective in decreasing the level of CRF, the
magnitude of effect was greater with the aerobic exercise
sub-group (d = -0.41) in comparison to the mixed mode
exercise sub-group (d = -0.28). This suggests that aerobic
exercise may be more effective in decreasing the level of
CRF in certain circumstances. The differences in the effect
size between the aerobic and mixed mode of exercise inter-
ventions could be attributed to the characteristics of study
participant. Most participants in the aerobic intervention
sub-group were females between 40 and 60 years of age with
stage 1 to 3 breast cancer. In contrast, participants in the
mixed mode sub-group were diagnosed with various types
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of cancer including breast, colorectal and hematological ma-
lignancies; some of these participants had advanced stages
of cancer with a life expectancy of less than six months. It
is plausible that participants in the aerobics sub-group were
functionally better and therefore, better able to tolerate the
aerobic exercises.

In the two studies not included in the meta-analyses, the
participants were female and the majority had malignancies
of the breast cancer.[10, 36] In these studies, exercise interven-
tions were performed during or after chemotherapy treatment.
In one of the studies, the results indicated that the supervised
yoga exercise program was significantly effective in improv-
ing CRF among women with stage one to three breast cancer
undergoing chemotherapy.[36] Similar findings of yoga’s ben-
eficial effect on the level of CRF were reported in previous
studies involving breast cancer survivors[48] and breast cancer
patients undergoing radiation therapy.[49] On the other hand,
Dodd et al.’s[10] home-based moderate intensity walking,
jogging and cycling aerobic exercise program showed a non-
significant effect in reducing CRF among women with breast,
colorectal, and ovarian malignancies. This non-significant
effect could be related to; infrequent measurement of fatigue
level three times in a year is not sufficient to determine the
effects of exercise on CRF and/or could be related to the
self-reported exercise behavior. However, the exercise group
in this study was able to maintain a decreased level of CRF
over one year following the intervention in comparison to
the control group.[10]

The findings of this review also suggest that both super-
vised and home-based exercise interventions are effective
in decreasing CRF. In this review, the home-based exercise
interventions incorporated both aerobic and resistance ex-
ercises. The beneficial effects of home-based exercises on
CRF and physical functioning have been reported in previous
studies.[50, 51] Moreover, home-based exercises are feasible,
cost-effective, acceptable, and easy to keep up, and hence
cancer patients can regularly perform to manage their fa-
tigue levels.[31] Hence, more exercise interventional studies
on home-based settings are recommended as the prior stud-
ies on home-based exercises are limited due to the trust on
supervised exercise programs.[31]

The findings of this review suggest that exercise benefits
may also be partly attributed to the study participants’ type
of cancer diagnosis. Although study participants who bene-
fited from the exercise interventions were individuals with
breast, prostate, gastro-intestinal, gynecological, and lung
cancers; the largest proportion of participants was diagnosed
with breast cancer. The positive effects of exercise on CRF
in people with breast and prostate cancer have been well

documented in previous research.[16]

In this review, we added new studies and found that exercise
may be beneficial in managing CRF. Although exercise ap-
pears to be beneficial in managing CRF, further studies are
needed to explore the effects of specific type of exercises vs
specific types and stages of cancers. In this review, we can’t
conclude that what type of exercise is beneficial in managing
CRF for what type and stages of cancer.

4.1 Limitations
A number of limitations arose while conducting this review
that need to be considered. First, the considerable heterogene-
ity observed between studies included in the meta-analyses
suggests that the degree of heterogeneity needs to be explored
and minimized. For example, the majority of studies were
carried out in female population (71%) and in females with
breast cancer (47%). However, the effects of exercise may
differ for males with different types of cancer. In addition,
individuals who participated in the exercise interventions
differed in the types of cancer they were diagnosed with,
e.g., hematological versus solid tumors. Moreover, the type,
duration and intensity of exercise intervention administered
to study participants also differed. Combining the study find-
ings involving heterogeneous characteristics of participants
could have introduced bias to the results. Finally, the findings
of this review have limited generalizability because of 98%-
100% of participants in 6 out 20 studies were Caucasian.

4.2 Implications for practice
Findings of this review suggest that all cancer population
needs to be screened for CRF, based on the standard practice
guidelines such as NCCN, or Pan-Canadian fatigue guide-
lines. The assessment of CRF should be done using validated
fatigue assessment tools. Given the evidence that patients
with CRF may benefit from exercises, encourage patients
to engage in regular exercise to improve their fatigue level
based on their individual performance status and if they are
eligible for exercises as recommended by NCCN guidelines.
The recommended exercise may be tailored based on indi-
vidual circumstances and needs such as patients’ age, types
and stages of cancer, and the physical fitness of patients.[3]

Healthcare practitioners involved in providing exercise in-
terventions to cancer patients should also consider strategies
that would motivate cancer patients to maintain regular exer-
cises.

4.3 Implications for future research
Future research should focus on studies with more homoge-
neous samples in terms of a specific type and stage of cancer,
and the type and intensity of exercise that would allow for a
more valid and meaningful comparison of outcomes across
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studies. More home-based exercise interventional studies
are needed in evaluating the fatigue level among cancer pa-
tients as it is feasible and cost-effective. More studies are
also needed to examine the differential impacts of dose by
type of exercise on individuals with cancer, especially with
end-stage cancer. Quality of life is equally important for all
people irrespective of their stage of cancer and yet, people
with end-stage cancer are often overlooked for participation
in exercise interventional studies. Finally, standardization of
CRF measurement in research is vitally important in order to
measure the fatigue effectively and to reduce the challenges
during the study.

5. CONCLUSION
CRF is an abstract, complex, multidimensional, and sub-
jective symptom which emerges as a consequence of cancer
itself, and as a side effect of treatment, resulting in substantial
deterioration in a cancer patient’s quality of life. Evidence
shows that exercise is an effective intervention used in the

management of CRF. A variety of exercise interventions have
been used in effectively improving CRF, such as aerobics, re-
sistance training, or a mixed mode of exercises in a clinically
supervised or home-based setting.

The findings of this review suggest that exercise interven-
tions in general may be beneficial for decreasing the level of
CRF in patients with varied cancer diagnoses across different
phases of the cancer trajectory. There is not one type of
exercise that fits or works for all because different types of
exercises are combined even in aerobic or resistant exercises.
Therefore, although, exercise appears to be beneficial, fur-
ther studies are needed to explore whether specific type of
exercises may be more beneficial for specific type and stages
of cancer.
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