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Abstract
Purpose of Review This review provides an up-to-date overview of the evidence relating to how physical inactivity ameliorates
cancer-related fatigue. A summary of the postulated biological mechanisms underpinning the relationship is presented.
Recent Findings Systematic reviews and meta-analyses synthesising the results of randomised controlled trials of physical
activity interventions to reduce fatigue broadly conclude that aerobic and combination exercise may be the most helpful, while
resistance training alone is less efficacious. Further, light- and moderate-intensity physical activity interventions appeared to
reduce fatigue, whereas vigorous-intensity activity may exacerbate the condition. Physical activity interventions result in greater
reductions in cancer-related fatigue when delivered post-treatment. Biological mechanisms that may explain how physical
activity can improve different elements of cancer-related fatigue include inflammation; the hypothalamic–pituitary–adrenal
(HPA) axis and circadian rhythm dysregulation; serotonin dysregulation; and alterations in ATP and muscle metabolism.
Summary Physical activity is well tolerated by cancer survivors and results in modest improvements in cancer-related fatigue.
Much of the research in this field has been from small-scale feasibility trials. In order to help clinicians and allied health
professionals tailor exercise prescriptions to individual needs, further research is required. New trials in this field should
implement rigorous inclusion criteria, be fully powered to detect effects in sub-group analyses, incorporate multiple sites, and
have well-defined control conditions. There is also a need to better understand how physical activity affects different subtypes of
cancer-related fatigue.

Keywords Physical activity . Exercise . Interventions . Cancer-related fatigue . Cancer survivorship . Biological mechanisms

Introduction

Fatigue is one of the most commonly reported side effects of
cancer diagnosis and treatment [1••, 2]. Cancer-related fatigue
is described as a subjective, pervasive sense of tiredness, and

an objective decrement of performance persisting over time. It
interferes with activities of daily living and is not relieved by
rest or sleep [3]. This side effect of cancer and its treatments is
frequently reported as being more distressing than pain and
nausea [1••]. Cancer-related fatigue is a multidimensional
concept and can be experienced within physical and psycho-
social domains [4••].

The prevalence of cancer-related fatigue depends on the
cancer type, treatment received, and the method of assess-
ment. Estimates suggest that between 30 and 60% of patients
report cancer-related fatigue while undergoing treatment [1••].
Cancer-related fatigue has been reported to persist for decades
in a proportion of cancer survivors, but for most fatigue tends
to improve following completion of treatment [1••].

Physical activity and exercise (referred to collectively as
‘physical activity’ from here on) have been studied in relation
to cancer-related fatigue for decades, and there is a prevailing
acceptance that physical activity reduces fatigue experienced
by cancer survivors. However, questions remain in relation to
optimal timing and dose of physical activity to prevent or
attenuate cancer-related fatigue. The aims of this manuscript
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are twofold: (i) to summarise findings from key systematic
reviews conducted in the past 5 years of intervention trials
examining the effect of physical activity on fatigue in cancer
survivors and (ii) to describe the main biological mechanisms
hypothesised to be involved in the development of cancer-
related fatigue, and how physical activity may act upon these
pathways.

Synthesis of Systematic Reviews

A literature search for systematic reviews and meta-analyses
was performed using PubMed and PsycINFO from January
2013 to June 2018. The search strategy for each database is
provided in the Appendix. We identified 18 systematic re-
views that examined the effects of physical activity on
cancer-related fatigue [4•, 5–12, 13–21]. Of these, 2 were
umbrella reviews [11•, 16•] and 15 incorporated meta-
analysis [4•, 5–10, 12, 13–15, 17, 18, 20, 21]. Eight of the
18 systematic reviews included a mix of cancer sites [5, 6, 11•,
12, 14, 16•, 18, 20], five included only trials in breast cancer
survivors [4•, 8, 9, 13, 21], two were focussed on colorectal
cancer [7, 17], one was focussed on prostate cancer [15], one
was focussed on gynaecological cancer [19], and one was
focussed on haematological cancers [10]. The key elements
of these reviews are described in Table 1.

Quality of Systematic Reviews

Nine [4•, 5, 10, 11•, 13, 14, 16•, 18, 19] of the systematic
reviews registered their study protocol in advance, as per the
recommendations and guidelines outlined in the Cochrane
Handbook for Systematic Reviews of Interventions [22] or
the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) [23]. All reviews in-
corporated some form of quality assessment, the most com-
monly applied were Physiotherapy Evidence Database
(PEDro) scale [24] and the Cochrane risk of bias (ROB) scale
[25].

Meta-analysis Methods

Authors generally pooled fatigue data using weighted mean
differences if studies measured fatigue on the same scale, or
standardised mean differences when studies used a different
scale [7–10, 12, 13, 15, 17, 18, 21, 26], with one study using
weighted mean differences [20]. Heterogeneity was primarily
assessed by the I2 statistic [5, 7–10, 12, 13, 15, 17, 18, 20, 21,
26].Most studies applied random effects models in their meta-
analysis [5, 7–10, 17, 18, 20, 26], but a few used both random
and fixed effects models (depending on whether heterogeneity
was observed) [12, 13, 15, 21]. Mustian et al. used fixed
effects models to combine effect sizes (Cohen’s d) of the

studies reporting exercise interventions [6]. van Vulpen et al.
used random effects models to pool effect sizes within each
dimension of fatigue considered [4•].

Results

The two umbrella reviews concluded that physical activity
reduces fatigue in cancer survivors, but that the effect is small.
The umbrella reviews noted that the evidence accrued to date
was limited by the low quality of, and high heterogeneity
between, trials [11•, 16•]. The majority of the systematic re-
views and meta-analyses reviewed (Table 1) reported modest
but statistically significant improvements in fatigue following
the delivery of a physical activity intervention [4•, 5, 6, 8–10,
12, 13, 17, 18, 26]. Most reviews included a mix of cancer
sites, but these studies were mostly populated by breast cancer
trials. Accordingly, positive effects on fatigue were noted in
nearly all systematic reviews and meta-analyses examining
mixed sites [5, 6, 10, 12, 16•, 18, 26] and breast cancer [4•,
8, 9, 13]. Neither review examining effects of physical activity
on fatigue in colorectal cancer survivors reported significant
reductions [7, 17]. For prostate cancer, Yunfeng et al. reported
no overall effect, but stratified analyses showed fatigue reduc-
tions occurred for physical activity interventions of 6-month
duration or longer [15]. The systematic review of interven-
tions delivered to gynaecological cancer survivors did not find
enough trials reporting fatigue as an outcome to undertake a
meta-analysis. Lin et al. reported mixed results across the
three trials included in their review [19].

The systematic reviews included in Table 1 also highlight
how differences in the type, dose, delivery, and timing of
physical activity intervention are likely to exert different ef-
fects on cancer-related fatigue.

Type of Physical Activity Intervention The main types of in-
terventions delivered to cancer survivors include aerobic, re-
sistance, neuromuscular (yoga, tai chi, qigong etc.), or a com-
bination (most typically a combination of aerobic and resis-
tance training). Broadly, aerobic activity [5, 12, 21] or combi-
nation interventions [9, 14] appeared to have the greatest ef-
fect on fatigue in cancer survivors. Further, the type of aerobic
exercise (e.g. walking, cycling, swimming) did not seem to
influence the effect [12]. Resistance training alone did not
appear efficacious [16•, 18]. One systematic review of phys-
ical activity interventions delivered to breast cancer patients
undergoing adjuvant therapy concluded that neuromuscular
interventions achieved the greatest reductions in fatigue [13].

Dose of Physical Activity Limited data exist comparing the
effects of different doses of physical activity (different fre-
quency, intensity, duration). A meta-regression analysis per-
formed by Kessels et al. suggested greater reductions in
cancer-related fatigue for lower intensity physical activity
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[5], and Dennett et al. reported an inverse association between
aerobic exercise intensity and fatigue [18]. Conversely, Tian et
al. reported that moderate-intensity physical activity was su-
perior to light- and vigorous-intensity activities for reducing
fatigue, and that the optimal duration for each intervention
session was 50 min [12]. Yunfeng et al. reported that only
interventions delivered for 6 months or more achieved signif-
icant reductions in the fatigue reported by men receiving an-
drogen deprivation therapy for prostate cancer [15].

Delivery of Physical Activity Intervention The meta-analyses
that compared the efficacy of supervised versus unsupervised
physical activity interventions found that superior results were
obtained by the supervised interventions [6, 10, 12].
Supervised interventions achieve higher adherence, which in
itself is strongly predictive of a reduction in cancer-related
fatigue [5].

Timing of Physical Activity Intervention A number of pub-
lished meta-analyses concluded that physical activity inter-
ventions delivered after the conclusion of cancer therapy
achieved greater reductions in fatigue than interventions de-
livered concurrently with therapy [6, 9, 12, 16•]. However, it
is clear that physical activity performed across the cancer con-
tinuum may reduce fatigue: activity prior to commencing
treatment may have a prophylactic effect (prevent treatment-
related side effects including fatigue) whereas activity during
and following treatment may act therapeutically [10].

Discussion

The consensus from the evidence to date is that physical
activity has a beneficial effect on cancer-related fatigue; how-
ever, the effect is generally small. Some authors have urged
caution in attributing a meaningful effect on physical activity
interventions, because of the low quality of many trials, non-
significant pooled effects, and overlapping prediction inter-
vals identified in some systematic reviews. However, it must
be noted that none of the reviews included, above, reported
increases in fatigue attributable to physical activity. This is an
important consideration that refutes the pervasive perception
that physical activity increases fatigue experienced by cancer
survivors, and supports the current expert view that physical
activity for cancer survivors is safe and well tolerated [27,
28].

A key finding our evidence synthesis is that light- and
moderate-intensity physical activities appear to achieve the
greatest reductions in cancer-related fatigue, and that
vigorous-intensity activity may exacerbate the condition.
Recent research demonstrates that the mind-body techniques,
such as mindfulness and relaxation, that accompany the phys-
ical activity elements of neuromuscular interventions are ef-
fective in reducing cancer-related fatigue [29].T
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Research has tended to conceptualise cancer-related fatigue
as a singular concept; only one systematic review considered
the multidimensional nature of the condition [4•]. Little re-
search has been conducted into the subtypes or domains of
cancer-related fatigue, but a recent study of colorectal cancer
survivors identified three distinct classes of fatigue, using la-
tent class analysis. Thong et al. found that the three fatigue
classes could be differentiated by sleep quality, anxiety, anhe-
donia, and lifestyle factors [30]. This study highlights the need
for more nuanced approaches to understanding determinants
of, and treatment for, cancer-related fatigue in the future.
Similarly, there is little benefit to trying to discern a singular,
‘ideal’ physical activity prescription for preventing or treating
cancer-related fatigue. Optimal responses will likely be
achieved by identifying physical activity interventions that
best suit different cancer sites, treatments, points on the cancer
continuum, and personal characteristics of the patient popula-
tion (e.g. physical fitness, psychological well-being) [1••, 31].

Many of the primary studies conducted to date have been
small, pilot studies that are insufficiently powered to detect
clinically meaningful effects. It is not uncommon for trials to
report less than 20 participants in each arm. A number of other
methodological limitations were noted in the primary studies
included in the meta-analyses reviewed. Few studies included
patients with advanced disease, despite these patients
experiencing elevated levels of cancer-related fatigue [31].
Similarly, there has been a dearth of studies including (or
focussing on) octogenarian cancer survivors. This growing
population experiences a heavy burden of comorbid disease
and is particularly vulnerable to cancer-related fatigue. It has
been suggested that older cancer survivors benefit less from
physical activity interventions, although this may a function of
poorer adherence [7]. There has also been limited research
relating to how physical activity may alleviate fatigue in
patients/survivors of less common cancers; the literature in
this field is dominated by studies of breast cancer survivors.

Biological Mechanisms Underpinning
Associations of Physical Activity with Fatigue
in Cancer Survivors

Although there is a substantial body of evidence showing the
physical activity interventions may reduce fatigue complaints
in cancer survivors, the underlying biological mechanisms are
still not well understood [6]. A better understanding of the
biological mechanisms underlying associations of physical
activity and sedentary behaviour with fatigue can give more
information about the potential causal pathway of these asso-
ciations [32]. Furthermore, it will help to develop more effec-
tive interventions for reducing fatigue after cancer by tailoring
these towards the main causal factors and biological mecha-
nisms involved. In addition, it can inform screening strategies

for identifying at-risk individuals and target themwith preven-
tive measures. Here, we describe the main biological mecha-
nisms that are currently hypothesised to be involved in the
development of cancer-related fatigue as well as how these
mechanisms may be associated with physical activity and sed-
entary behaviour (Fig. 1).

Inflammation

To date, the most studied and hypothesised mechanism to be
implied in cancer-related fatigue is inflammation, in particular
a dysregulation of cytokines with a specific focus on pro-
inflammatory cytokines [1••]. It is thought that the tumour
and/or its treatment cause an increased release of pro-
inflammatory cytokines which influence central nervous sys-
tem signalling leading to symptoms of fatigue [33, 34].
Indeed, a number of studies have identified associations of
circulating levels of inflammatory markers with levels of fa-
tigue during and after treatment, with the majority of research
being done in breast cancer survivors. For example, increases
over time in fatigue complaints have been associated with
increases in the inflammatory markers C-reactive protein
(CRP) and interleukin-1 receptor antagonist (IL-1RA) in
breast and prostate cancer patients receiving radiotherapy
[35] and interleukin-6 (IL-6) in breast cancer patients under-
going chemotherapy [36] and with a range of inflammatory
markers in patients with locally advanced colorectal, oesoph-
ageal, and non-small-cell lung cancer receiving combined ra-
diation and chemotherapy treatment [37, 38]. In the post-
treatment trajectory, multiple studies have found that breast
cancer survivors with persistent fatigue have higher levels of
CRP [39–41] as well as of several other pro-inflammatory
markers [42–44], compared to non-fatigued survivors.
Similarly, persistently fatigued testicular cancer survivors
were found to have higher levels of IL-1RA and CRP [45],
and declines in fatigue in the 1-year post-treatment period
have been correlated with a decline in IL-6 in ovarian cancer
survivors [46]. Furthermore, genome-wide expression analy-
ses have shown increased expression in leukocytes of genes
encoding pro-inflammatory markers such as IL-1B and IL-6,
and the pro-inflammatory transcription factor nuclear factor
(NF)-κB in fatigued versus non-fatigued breast cancer survi-
vors [47].

Although the available evidence is limited, there are also
indications that physical activity levels may influence the in-
flammatory response. Observational studies in the general
population have observed that more physical activity and less
sedentary behaviour are associated with lower levels of pro-
inflammatory markers such as CRP, leptin, IL-6, and tumour
necrosis factor-α (TNF-α) [48, 49]. In cancer survivors, there
is evidence from randomised controlled trials (RCTs) that ex-
ercise can have beneficial effects on circulating inflammatory
factors, with the majority of research being done in breast
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cancer survivors. A meta-analysis conducted by Meneses-
Echávez et al. including eight RCTs in breast cancer patients
showed that aerobic and/or resistance exercise can reduce se-
rum concentrations of IL-6, TNF-α, and IL-2, although no
differences were found in serum CRP or IL-10 [50]. In pros-
tate cancer patients undergoing androgen suppression therapy,
a combined aerobic and resistance exercise programme was
found to be associated with decreases in CRP levels [51], and
in one trial in colorectal cancer survivors, it was found that an
increase in physical activity due to a home-based physical
activity intervention was associated with significantly reduced
levels of TNF-α [52].

Hypothalamic–Pituitary–Adrenal Axis and Circadian
Rhythm Dysregulation

There is evidence that a disruption of circadian rhythms and
the hypothalamic–pituitary–adrenal axis (HPA axis) may also
play an important role in causing persistent fatigue after can-
cer [53, 54]. In particular, disrupted accelerometer-assessed
daily rest-activity rhythms, indicating circadian system dys-
function, have been associated with more fatigue in breast
cancer [55–57] and colorectal cancer survivors [58]. The dis-
ruption of arousal and sleep patterns may be caused by a
dysregulation of the HPA axis [53, 59]. The HPA axis regu-
lates the release of the stress hormone cortisol [53, 54], which
shows a diurnal pattern with highest levels around awakening
and lowest levels during bedtime [60]. Fatigued breast and
ovarian cancer survivors have less cortisol decline during the
day and higher evening cortisol levels than non-fatigued sur-
vivors [46, 59, 61–63], and longitudinal reductions in evening
cortisol have been associated with reductions in fatigue over
time [46, 62]. Evidence that physical activity may influence
the HPA axis was found in an RCT in breast cancer patients,
where it was observed that an exercise intervention normal-
ised HPA axis function, by influencing diurnal salivary corti-
sol rhythm [64].

Serotonin Dysregulation

Another hypothesised mechanism of the development of post-
cancer fatigue is that increased activity of pro-inflammatory
cytokines such as interleukins and TNF-α, caused by the tu-
mour and/or its treatment (see above), leads to increased levels
of 5-hydroxytryptamine (5-HT; serotonin) and an upregula-
tion of 5-HT receptors in the brain which results in a sensation
of fatigue [53, 54]. An animal study demonstrated that 5-HT
levels in the brain increase during sustained exercise and that
fatigue is observed at the highest level of 5-HT [65]. There are
also indications from studies in chronic fatigue syndrome pa-
tients that 5-HT dysregulation may be an important mecha-
nism in the development of fatigue, indicating that this mech-
anism may also play a role in cancer survivors [53, 54].

Two clinical trials in fatigued cancer patients undergoing
chemotherapy who received a selective serotonin uptake in-
hibitor or placebo reported no improvement in fatigue com-
plaints, but no other studies of this nature have been conducted
in cancer survivors to date. In addition, although there is evi-
dence that exercise leads to a short-term increase in 5-HT
associated with higher fatigue complaints [54], it is unknown
whether in the long term exercise may normalise serotonin
metabolism and thus reduce chronic fatigue after cancer.

Alterations in ATP and Muscle Metabolism

Next to the abovementioned more central mechanisms, persis-
tent fatigue in cancer survivors has also been hypothesised to be
caused by impairment of peripheral muscle metabolism and
function [53, 54]. Greater muscle strength has been associated
with less fatigue in cancer survivors [66], and fatigued cancer
patients have a lower endurance time when performing a
sustained muscle contraction to task failure, compared with
healthy controls [67, 68]. Cancer and/or its treatment can reduce
muscle oxidative capacity, specifically the ability to regenerate
adenosine triphosphate (ATP), and cause higher vulnerability to
muscle fatigue [54, 69]. An RCT with ATP infusions in lung
cancer patients showed beneficial effects on muscle strength
and fatigue [70]. Importantly, exercise interventions have been
found to improve muscle strength and function in cancer survi-
vors [16•, 71], indicating that physical activity can influence
this hypothesised mechanism of cancer-related fatigue.

Together, these hypothesised mechanisms of cancer-related
fatigue may potentially mediate associations of physical activ-
ity with fatigue in cancer survivors, with most evidence up
until now for the role of inflammation. The exact causal path-
ways will be complex, and the mechanisms involved inter-
related. For example, the HPA axis plays an important role in
the regulation of cytokine production and can influence the
inflammatory response [72], and disturbances in circadian
rhythms have been associated with muscle metabolism aberra-
tions [60, 73, 74]. More mechanistic research will be necessary
to determine the importance of individual hypothesised mech-
anisms and their inter-relations in causing fatigue and being
influenced by physical activity. In addition, further research
will be necessary into more recently hypothesised mechanisms
of cancer-related fatigue, including cellular immune system
dysregulation and reactivation of latent viruses, as well as al-
terations in the autonomic nervous system as indicated by
levels of noradrenaline and heart rate variability [1••].

Implications and Directions for Future
Research

There is a clear need for further research with rigorous inclu-
sion criteria, adequate sample size, multicentre design, and
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well-defined control conditions in order to better understand
how physical activity reduces cancer-related fatigue. Specific
cancer survivor populations that warrant additional research
include less commonly studied sites, including lung, melano-
ma, kidney, bladder, and haematological cancers; older (≥
80 years) cancer survivors; and survivors with advanced dis-
ease. Screening potential participants for fatigue prior to en-
rolment, and only including fatigued cancer survivors, may
avoid dilution of intervention effect due to a ceiling effect.
Studies comparing the type, dose, delivery, and timing of
physical activity interventions are required to help elucidate
optimal prescriptions for specific populations. Future research
should also investigate how physical activity affects different
subtypes of cancer-related fatigue.

There is also a need to research to identify ways to improve
adherence, and support survivors to maintain physical activity
on an ongoing basis. Translational approaches are required to
help transition survivors from supported environments with
supervised delivery of physical activity interventions to
community-based approaches. Emerging e- and m-health ap-
proaches may be particularly helpful in this regard [75, 76].

Mechanistic Research

We recommend that future studies apply more agnostic ap-
proaches to identify new intermediate biomarkers and thereby
discover novel potential mechanisms involved, by applying
omics technologies. There are also opportunities to apply re-
cently developed methods for longitudinal mediation analysis
[79] to investigate potential intermediate mechanisms in mo-
lecular epidemiological studies. As most of the mechanistic
research to date has been done in breast cancer survivors, it is
essential to conduct more studies in other cancer populations.
Finally, we recommend that future studies investigate how the
mechanisms involved are influenced by other individual fac-
tors such as treatment received, sex, body mass index, and
physical function. Such knowledge will be essential for the

development of mechanism-tailored physical activity inter-
ventions to prevent or treat cancer-related fatigue.

Conclusions

Asworld-wide trends in population ageing continue, the num-
ber of adults diagnosed with, and surviving, cancer is
projected to increase significantly [77]. Cancer survival is as-
sociated with ongoing physical and psychological adverse ef-
fects and comorbid conditions. Cancer-related fatigue is one
of the most common and distressing side effects of cancer and
cancer therapy [31]. Thus, cancer-related fatigue is a signifi-
cant and growing public health concern and should be a high
priority for both research and clinical intervention.

Available evidence suggests that physical activity can at-
tenuate the fatigue experienced by cancer survivors. Aerobic
and combination exercise may be the most helpful, while re-
sistance training alone is less efficacious. However, the overall
quality of research to date has been low, and further studies are
necessary to elucidate which kinds of physical activity inter-
ventions work best for different clinical populations. There is
also a pressing need to establish methods of sustaining phys-
ical activity on an ongoing basis, as the beneficial effects on
fatigue quickly diminish after interventions are withdrawn.

The main biological mechanisms hypothesised to underpin
the physical activity and cancer-related fatigue relationship
include inflammation; the hypothalamic–pituitary–adrenal
(HPA) axis and circadian rhythm dysregulation; serotonin
dysregulation; and alterations in ATP and muscle metabolism.
A clearer understanding of the underlying biological mecha-
nisms linking physical activity with reduced fatigue may in-
form screening strategies for identifying at-risk individuals
and provide additional insights into how to tailor physical
activity interventions in order to optimise fatigue prevention
or treatment.

Guidelines from cancer control agencies recommend at
least 150 min of moderate-intensity or 75 min of vigorous-

Fig. 1 Hypothesised biological
mechanisms by which physical
activity may decrease cancer-
related fatigue

66 Curr Nutr Rep (2018) 7:59–69



intensity activity each week for cancer survivors. For cancer-
related fatigue, the evidence suggests that even light-intensity
physical activity may be beneficial. For survivors who may be
struggling to adhere to recommended or prescribed physical
activity levels, it is important to recognise that any activity is
beneficial.
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Appendix

Aim

Search for systematic reviews and meta-analyses focused on
physical activity (exposure or intervention) and cancer-related
fatigue (outcome) in adults diagnosed with any stage of can-
cer, at any time post-diagnosis (including palliative care).

Data Sources and Search Strategy

The search was focused on systematic reviews and meta-
analyses published from January 2013 to May of 2018 and
updated to Jun 2018. The literature search was performed
using MEDLINE and PsycINFO. All searches were conduct-
ed by one author [BCSF]. All references were imported into
EndNote X5.

Eligibility Criteria

Inclusion criteria:

– Fatigue as a main outcome.
– Physical activity intervention.
– Primary participants had a diagnosis of cancer.
– Reviews and/or meta-analysis.
– Studies written in Spanish, English, or French.

Exclusion criteria:

– Other chronic diseases.
– Not using physical activity as primary intervention.

PubMed Search

The search strategy for identification of the studies included
Medical Subject Heading terms combined with the Boolean
terms as follows:

‘Exercise’ [Mesh] OR ‘Exercise Therapy’ [Mesh] OR
‘Resistance Training’ [Mesh] OR ‘Sports’ [Mesh] OR ‘Yoga’
[Mesh] AND ‘Neoplasms’ [Mesh] AND ‘Fatigue’ [Mesh]

Filters: Meta-Analysis, Review; From 01/01/2013 to 12/06/
2018. The search identified 58 potentially relevant reviews.

PsycINFO

The search strategy implemented were ‘Cancer’ ‘Exercise’
OR ‘Physical activity’ AND ‘Cancer-related Fatigue’ AND
Methodology Systematic Review OR Meta Analysis AND
Peer-Reviewed Journals Only AND Year: 2013 to 2018 and
identified 90 potentially relevant reviews.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1.•• Bower JE. Cancer-related fatigue–mechanisms, risk factors, and
treatments. Nat Rev Clin Oncol. 2014;11(10):597–609. Narrative
review summarising the contemporary research on the biolog-
ical mechanisms, risk factors, and treatment for cancer-related
fatigue.

2. Singer SKS, Zwerenz R, Eckert K, Hofmeister D, Dietz A,
Giesinger J, et al. Age- and sex-standardised prevalence rates of
fatigue in a large hospital-based sample of cancer patients. Br J
Cancer. 2011;3(105):445–51.

3. Berger AM, Mooney K, Alvarez-Perez A, Breitbart WS, Carpenter
KM, Cella D, et al. Cancer-related fatigue, version 2.2015. J Natl
Compr Cancer Netw. 2015;13(8):1012–39.

4.• van Vulpen JK, Peeters PH, VelthuisMJ, van der Wall E, May AM.
Effects of physical exercise during adjuvant breast cancer treatment
on physical and psychosocial dimensions of cancer-related fatigue:
a meta-analysis. Maturitas. 2016;85:104–11. Systematic review
and meta-analysis that examined effects of physical activity
interventions on different dimensions of cancer-related fatigue
(general fatigue, physical fatigue, affective fatigue, cognitive
fatigue, reduced activity, reduced motivation).

5. Kessels E, Husson O, van der Feltz-Cornelis CM. The effect of
exercise on cancer-related fatigue in cancer survivors: a systematic
review and meta-analysis. Neuropsychiatr Dis Treat. 2018;14:479–
94.

6. Mustian KM, Alfano CM, Heckler C, Kleckner AS, Kleckner IR,
Leach CR, et al. Comparison of pharmaceutical, psychological, and
exercise treatments for cancer-related fatigue: a meta-analysis.
JAMA Oncol. 2017;3(7):961–8.

7. Brandenbarg D, Korsten J, Berger MY, Berendsen AJ. The effect of
physical activity on fatigue among survivors of colorectal cancer: a
systematic review and meta-analysis. Support Care Cancer.
2018;26(2):393–403.

Curr Nutr Rep (2018) 7:59–69 67



8. Lipsett A, Barrett S, Haruna F, Mustian K, O'Donovan A. The
impact of exercise during adjuvant radiotherapy for breast cancer
on fatigue and quality of life: a systematic review and meta-analy-
sis. Breast. 2017;32:144–55.

9. Juvet LK, Thune I, Elvsaas IKO, Fors EA, Lundgren S,
Bertheussen G, et al. The effect of exercise on fatigue and physical
functioning in breast cancer patients during and after treatment and
at 6 months follow-up: a meta-analysis. Breast. 2017;33:166–77.

10. Oberoi S, Robinson PD, Cataudella D, Culos-Reed SN, Davis H,
Duong N, et al. Physical activity reduces fatigue in patients with
cancer and hematopoietic stem cell transplant recipients: a system-
atic review and meta-analysis of randomized trials. Crit Rev Oncol
Hematol. 2018;122:52–9.

11.• Kelley GA, Kelley KS. Exercise and cancer-related fatigue in
adults: a systematic review of previous systematic reviews with
meta-analyses. BMC Cancer. 2017;17(1):693. Umbrella review
of previous meta-analyses of effects of exercise interventions
on cancer-related fatigue.

12. Tian L, Lu HJ, Lin L, Hu Y. Effects of aerobic exercise on cancer-
related fatigue: a meta-analysis of randomized controlled trials.
Support Care Cancer. 2016;24(2):969–83.

13. Carayol M, Delpierre C, Bernard P, Ninot G. Population-,
intervention- and methodology-related characteristics of clinical
trials impact exercise efficacy during adjuvant therapy for breast
cancer: a meta-regression analysis. Psycho-Oncology. 2015;24(7):
737–47.

14. Meneses-Echavez JF, Gonzalez-Jimenez E, Ramirez-Velez R.
Effects of supervised multimodal exercise interventions on
cancer-related fatigue: systematic review and meta-analysis of ran-
domized controlled trials. Biomed Res Int. 2015;2015:328636.

15. Yunfeng G, Weiyang H, Xueyang H, Yilong H, Xin G. Exercise
overcome adverse effects among prostate cancer patients receiving
androgen deprivation therapy: an update meta-analysis. Medicine.
2017;96(27):e7368.

16.• Fuller JT, Hartland MC, Maloney LT, Davison K. Therapeutic ef-
fects of aerobic and resistance exercises for cancer survivors: a
systematic review of meta-analyses of clinical trials. Br J Sports
Med. 2018, in press https://doi.org/10.1136/bjsports-2017-
098285. Umbrella review of meta-analyses quantifying the ef-
fects of aerobic and resistance exercise interventions on health
outcomes, including fatigue, in cancer survivors.

17. Cramer H, Lauche R, Klose P, Dobos G, Langhorst J. A systematic
review and meta-analysis of exercise interventions for colorectal
cancer patients. Eur J Cancer Care. 2014;23(1):3–14.

18. Dennett AM, Peiris CL, Shields N, Prendergast LA, Taylor NF.
Moderate-intensity exercise reduces fatigue and improves mobility
in cancer survivors: a systematic review and meta-regression. J
Physiotherapy. 2016;62(2):68–82.

19. Lin KY, Frawley HC, Denehy L, Feil D, Granger CL. Exercise
interventions for patients with gynaecological cancer: a systematic
review and meta-analysis. Physiotherapy. 2016;102(4):309–19.

20. Strasser B, Steindorf K, Wiskemann J, Ulrich CM. Impact of resis-
tance training in cancer survivors: a meta-analysis. Med Sci Sports
Exerc. 2013;45(11):2080–90.

21. Zou LY, Yang L, He XL, Sun M, Xu JJ. Effects of aerobic exercise
on cancer-related fatigue in breast cancer patients receiving chemo-
therapy: a meta-analysis. Tumour Biol. 2014;35(6):5659–67.

22. Higgins J, Green S. Cochrane handbook for systematic reviews of
interventions The Cochrane Collaboration; 2011.

23. Moher D, Shamseer L, ClarkeM, Ghersi D, Liberati A, PetticrewM,
et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4:1.

24. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M.
Reliability of the PEDro scale for rating quality of randomized
controlled trials. Phys Ther. 2003;83(8):713–21.

25. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman
AD, et al. The Cochrane Collaboration’s tool for assessing risk of
bias in randomised trials. BMJ. 2011;343:d5928.

26. Meneses-Echavez JF, Gonzalez-Jimenez E, Ramirez-Velez R.
Supervised exercise reduces cancer-related fatigue: a systematic
review. J Phys. 2015;61(1):3–9.

27. Rock CL, Doyle C, Demark-WahnefriedW,Meyerhardt J, Courneya
KS, Schwartz AL, et al. Nutrition and physical activity guidelines for
cancer survivors. CA Caner J Clin. 2012;62(4):243–74.

28. Wolin KY, Schwartz AL, Matthews CE, Courneya KS, Schmitz
KH. Implementing the exercise guidelines for cancer survivors. J
Support Oncol. 2012;10(5):171–7.

29. Duong N, Davis H, Robinson PD, Oberoi S, Cataudella D, Culos-
Reed SN, et al. Mind and body practices for fatigue reduction in
patients with cancer and hematopoietic stem cell transplant recipi-
ents: a systematic review and meta-analysis. Crit Rev Oncol
Hematol. 2017;120:210–6.

30. Thong M, Mols F, van de Poll-Franse L, Sprangers MA, van der
Rijt C, Barsevick A, et al. Identifying the subtypes of cancer-related
fatigue: results from the population-based PROFILES registry. J
Cancer Survivorship. 2018;12:38–46.

31. Ebede CC, Jang Y, Escalante CP. Cancer-related fatigue in cancer
survivorship. Med Clin N Am. 2017;101(6):1085–97.

32. Vineis P, Perera F. Molecular epidemiology and biomarkers in eti-
ologic cancer research: the new in light of the old. Cancer
Epidemiol Biomark Prev. 2007;16(10):1954–65.

33. Miller AH, Ancoli-Israel S, Bower JE, Capuron L, Irwin MR.
Neuroendocrine-immune mechanisms of behavioral comorbidities
in patients with cancer. J Clin Oncol. 2008;26(6):971–82.

34. Seruga B, Zhang H, Bernstein LJ, Tannock IF. Cytokines and their
relationship to the symptoms and outcome of cancer. Nat Rev
Cancer. 2008;8(11):887–99.

35. Bower JE, Ganz PA, Tao ML, Hu W, Belin TR, Sepah S, et al.
Inflammatory biomarkers and fatigue during radiation therapy for
breast and prostate cancer. Clin Cancer Res. 2009;15(17):5534–40.

36. Liu L, Mills PJ, Rissling M, Fiorentino L, Natarajan L, Dimsdale
JE, et al. Fatigue and sleep quality are associated with changes in
inflammatory markers in breast cancer patients undergoing chemo-
therapy. Brain Behav Immun. 2012;26(5):706–13.

37. Wang XS, Shi Q, Williams LA, Mao L, Cleeland CS, Komaki RR,
et al. Inflammatory cytokines are associated with the development
of symptom burden in patients with NSCLC undergoing concurrent
chemoradiation therapy. Brain Behav Immun. 2010;24(6):968–74.

38. Wang XS, Williams LA, Krishnan S, Liao Z, Liu P, Mao L, et al.
Serum sTNF-R1, IL-6, and the development of fatigue in patients
with gastrointestinal cancer undergoing chemoradiation therapy.
Brain Behav Immun. 2012;26(5):699–705.

39. Alexander S, Minton O, Andrews P, Stone P. A comparison of the
characteristics of disease-free breast cancer survivors with or with-
out cancer-related fatigue syndrome. Eur J Cancer. 2009;45(3):
384–92.

40. Alfano CM, Imayama I, Neuhouser ML, Kiecolt-Glaser JK, Smith
AW, Meeske K, et al. Fatigue, inflammation, and omega-3 and
omega-6 fatty acid intake among breast cancer survivors. J Clin
Oncol. 2012;30(12):1280–7.

41. Orre IJ, ReinertsenKV, Aukrust P, Dahl AA, Fossa SD, Ueland T, et
al. Higher levels of fatigue are associated with higher CRP levels in
disease-free breast cancer survivors. J Psychosom Res. 2011;71(3):
136–41.

42. Bower JE, Ganz PA, Aziz N, Fahey JL. Fatigue and proinflamma-
tory cytokine activity in breast cancer survivors. Psychosom Med.
2002;64(4):604–11.

43. Bower JE, Ganz PA, Aziz N, Olmstead R, Irwin MR, Cole SW.
Inflammatory responses to psychological stress in fatigued breast
cancer survivors: relationship to glucocorticoids. Brain Behav
Immun. 2007;21(3):251–8.

68 Curr Nutr Rep (2018) 7:59–69

https://doi.org/10.1136/bjsports-2017-098285
https://doi.org/10.1136/bjsports-2017-098285


44. Collado-Hidalgo A, Bower JE, Ganz PA, Cole SW, Irwin MR.
Inflammatory biomarkers for persistent fatigue in breast cancer sur-
vivors. Clin Cancer Res. 2006;12(9):2759–66.

45. Orre IJ,Murison R, Dahl AA,Ueland T, Aukrust P, Fossa SD. Levels
of circulating interleukin-1 receptor antagonist andC-reactive protein
in long-term survivors of testicular cancer with chronic cancer-
related fatigue. Brain Behav Immun. 2009;23(6):868–74.

46. Schrepf A, Clevenger L, Christensen D, DeGeest K, Bender D,
Ahmed A, et al. Cortisol and inflammatory processes in ovarian
cancer patients following primary treatment: relationships with de-
pression, fatigue, and disability. Brain Behav Immun. 2013;30
(Suppl):S126–34.

47. Bower JE, Ganz PA, Irwin MR, Arevalo JM, Cole SW. Fatigue and
gene expression in human leukocytes: increased NF-kappaB and
decreased glucocorticoid signaling in breast cancer survivors with
persistent fatigue. Brain Behav Immun. 2011;25(1):147–50.

48. Lynch BM, Friedenreich CM,Winkler EA, Healy GN, Vallance JK,
Eakin EG, et al. Associations of objectively assessed physical ac-
tivity and sedentary time with biomarkers of breast cancer risk in
postmenopausal women: findings from NHANES (2003-2006).
Breast Cancer Res Treat. 2011;130(1):183–94.

49. Yates T, Khunti K, Wilmot EG, Brady E, Webb D, Srinivasan B, et
al. Self-reported sitting time and markers of inflammation, insulin
resistance, and adiposity. Am J Prev Med. 2012;42(1):1–7.

50. Meneses-Echavez JF, Correa-Bautista JE, Gonzalez-Jimenez E,
Schmidt Rio-Valle J, Elkins MR, Lobelo F, et al. The effect of
exercise training on mediators of inflammation in breast cancer
survivors: a systematic review with meta-analysis. Cancer
Epidemiol Biomark Prev. 2016;25(7):1009–17.

51. Galvao DA, Taaffe DR, Spry N, Joseph D, Newton RU. Combined
resistance and aerobic exercise program reverses muscle loss in
men undergoing androgen suppression therapy for prostate cancer
without bone metastases: a randomized controlled trial. J Clin
Oncol. 2010;28(2):340–7.

52. Lee DH, Kim JY, Lee MK, Lee C, Min JH, Jeong DH, et al. Effects
of a 12-week home-based exercise program on the level of physical
activity, insulin, and cytokines in colorectal cancer survivors: a pilot
study. Support Care Cancer. 2013;21(9):2537–45.

53. Barsevick A, Frost M, Zwinderman A, Hall P, Halyard M. I’m so
tired: biological and genetic mechanisms of cancer-related fatigue.
Qual Life Res. 2010;19(10):1419–27.

54. Ryan JL, Carroll JK, Ryan EP, Mustian KM, Fiscella K, Morrow
GR. Mechanisms of cancer-related fatigue. Oncologist.
2007;12(Suppl 1):22–34.

55. Berger AM, Wielgus K, Hertzog M, Fischer P, Farr L. Patterns of
circadian activity rhythms and their relationships with fatigue and
anxiety/depression in women treated with breast cancer adjuvant
chemotherapy. Support Care Cancer. 2010;18(1):105–14.

56. Liu L, Rissling M, Neikrug A, Fiorentino L, Natarajan L, Faierman
M, et al. Fatigue and circadian activity rhythms in breast cancer
patients before and after chemotherapy: a controlled study.
Fatigue. 2013;1(1–2):12–26.

57. Roscoe JA, Morrow GR, Hickok JT, Bushunow P, Matteson S,
Rakita D, et al. Temporal interrelationships among fatigue, circadi-
an rhythm and depression in breast cancer patients undergoing che-
motherapy treatment. Support Care Cancer. 2002;10(4):329–36.

58. Mormont M, Waterhouse J. Contribution of the rest-activity circa-
dian rhythm to quality of life in cancer patients. Chronobiol Int.
2002;19(1):313–23.

59. Tell D, Mathews HL, Janusek LW. Day-to-day dynamics of asso-
ciations between sleep, napping, fatigue, and the cortisol diurnal
rhythm in women diagnosed as having breast cancer. Psychosom
Med. 2014;76(7):519–28.

60. Oster H, Challet E, Ott V, Arvat E, de Kloet ER, Dijk DJ, et al. The
functional and clinical significance of the 24-h rhythm of circulat-
ing glucocorticoids. Endocr Rev. 2016;38(1):3–45.

61. Bower JE, Ganz PA, Dickerson SS, Petersen L, Aziz N, Fahey JL.
Diurnal cortisol rhythm and fatigue in breast cancer survivors.
Psychoneuroendocrinology. 2005;30(1):92–100.

62. Schmidt ME, Semik J, Habermann N, Wiskemann J, Ulrich CM,
Steindorf K. Cancer-related fatigue shows a stable association with
diurnal cortisol dysregulation in breast cancer patients. Brain Behav
Immun. 2016;52:98–105.

63. Weinrib AZ, Sephton SE, Degeest K, Penedo F, Bender D,
Zimmerman B, et al. Diurnal cortisol dysregulation, functional dis-
ability, and depression in women with ovarian cancer. Cancer.
2010;116(18):4410–9.

64. Saxton JM, Scott EJ, Daley AJ, Woodroofe M, Mutrie N, Crank H,
et al. Effects of an exercise and hypocaloric healthy eating interven-
tion on indices of psychological health status, hypothalamic-
pituitary-adrenal axis regulation and immune function after early-
stage breast cancer: a randomised controlled trial. Breast Cancer
Res. 2014;16(2):R39.

65. Bailey SP, Davis JM, Ahlborn EN. Neuroendocrine and substrate
responses to altered brain 5-HT activity during prolonged exercise
to fatigue. J Appl Physiol. 1993;74(6):3006–12.

66. Kilgour R, Vigano A, Trutschnigg B, Hornby L, Lucar E, Bacon S,
et al. Cancer-related fatigue: the impact of skeletal muscle mass and
strength in patients with advanced cancer. J Cachexia Sarcopenia
Muscle. 2010;1(2):177–85.

67. Kisiel-Sajewicz K, DavisMP, SiemionowV, Seyidova-Khoshknabi
D, Wyant A, Walsh D, et al. Lack of muscle contractile property
changes at the time of perceived physical exhaustion suggests cen-
tral mechanisms contributing to early motor task failure in patients
with cancer-related fatigue. J Pain Symptom Manag. 2012;44(3):
351–61.

68. Yavuzsen T, Davis MP, Ranganathan VK, Walsh D, Siemionow V,
Kirkova J, et al. Cancer-related fatigue: central or peripheral? J Pain
Symptom Manag. 2009;38(4):587–96.

69. Sorensen JC, Cheregi BD, Timpani CA, Nurgali K, Hayes A,
Rybalka E. Mitochondria: inadvertent targets in chemotherapy-
induced skeletal muscle toxicity and wasting? Cancer Chemother
Pharmacol. 2016;78(4):673–83.

70. Agteresch H, Dagnelie P, van der Gaast A, Stijnen T, Wilson J.
Randomized clinical trial of adenosine 5′-triphosphate in patients
with advanced non-small-cell lung cancer. J Natl Cancer Inst.
2000;92(4):321–8.

71. Carson J, Hardee J, VanderVeen B. The emerging role of skeletal
muscle oxidative metabolism as a biological target and cellular
regulator of cancer-induced muscle wasting. Semin Cell Dev Biol.
2016;54:53–67.

72. Irwin MR, Cole SW. Reciprocal regulation of the neural and innate
immune systems. Nat Rev Immunol. 2011;11(9):625–32.

73. Hansen J, Timmers S, Moonen-Kornips E, Duez H, Staels B,
Hesselink MK, et al. Synchronized human skeletal myotubes of
lean, obese and type 2 diabetic patients maintain circadian oscilla-
tion of clock genes. Sci Rep. 2016;6:35047.

74. van Moorsel D, Hansen J, Havekes B, Scheer FA, Jorgensen JA,
Hoeks J, et al. Demonstration of a day-night rhythm in human
skeletal muscle oxidative capacity. Mol Metab. 2016;5(8):635–45.

75. Haberlin C, O'Dwyer T, Mockler D, Moran J, O'Donnell DM,
Broderick J. The use of eHealth to promote physical activity in
cancer survivors: a systematic review. Support Care Cancer. 2018;

76. Phillips SM, Cadmus-Bertram L, Rosenberg D, Buman MP, Lynch
BM. Wearable technology and physical activity in chronic disease:
opportunities and challenges. Am J Prev Med. 2018;54(1):144–50.

77. Ferlay J, Soerjomataram I, ErvikM, Dikshit R, Eser S,Mathers C et
al. GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 11 Lyon, France: International
Agency for Research on Cancer 2013.

Curr Nutr Rep (2018) 7:59–69 69


	The Role of Physical Activity in Managing Fatigue in Cancer Survivors
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Synthesis of Systematic Reviews
	Quality of Systematic Reviews
	Meta-analysis Methods
	Results
	Discussion

	Biological Mechanisms Underpinning Associations of Physical Activity with Fatigue in Cancer Survivors
	Inflammation
	Hypothalamic–Pituitary–Adrenal Axis and Circadian Rhythm Dysregulation
	Serotonin Dysregulation
	Alterations in ATP and Muscle Metabolism

	Implications and Directions for Future Research
	Mechanistic Research

	Conclusions
	Appendix
	Aim
	Data Sources and Search Strategy
	Eligibility Criteria
	PubMed Search
	PsycINFO

	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance �•• Of major importance



