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Abstract
Background: Although the results of a recent meta-analysis
using the traditional random effects model yielded a statistically signiﬁcant standardized mean difference (SMD) reduction in cancer-related fatigue (CRF) as a result of aerobic
exercise, a recently developed inverse heterogeneity (IVhet)
model has been shown to be more valid than the traditional
random effects model. The purpose of this study was to
compare these previous meta-analytic results using the IVhet
model.
Methods: Using data from a previous meta-analysis that
included 36 SMD effect sizes (ES) representing 2,830 adults
(1,426 exercise, 1,404 control), results were pooled using the
IVhet model. Absolute and relative differences between the
IVhet and random effects results for CRF were also calculated as
well as inﬂuence analysis with each SMD ES deleted from the

IVhet model. Nonoverlapping 95% conﬁdence intervals (CI) were
considered statistically signiﬁcant.
Results: A statistically nonsigniﬁcant reduction in CRF
fatigue was found as a result of aerobic exercise using the
IVhet model (SMD, 0.08; 95% CI, 0.31–0.14; P ¼ 0.46).
The IVhet model yielded a SMD ES that was 0.14 (63.6%)
smaller than the random effects model. With each study deleted from the IVhet model once, results remained statistically
nonsigniﬁcant with SMD ESs ranging from 0.11 (95% CI,
0.33–0.11) to 0.06 (95% CI, 0.28–0.16).
Conclusions: Insufﬁcient evidence currently exists to support
the use of aerobic exercise for reducing CRF in adults.
Impact: Additional studies are needed to determine the
certainty of aerobic exercise on CRF in adults. Cancer Epidemiol

Introduction

Materials and Methods

One of the most signiﬁcant side effects of cancer treatment
is cancer-related fatigue (CRF; refs. 1, 2), a condition that is
highly prevalent both during and after treatment (1). The most
recent meta-analysis of randomized controlled trials to date
reported a statistically signiﬁcant standardized mean difference (SMD) reduction on CRF as a result of aerobic exercise
in adults [SMD, 0.22; 95% conﬁdence interval (CI), 0.39
to 0.04; P ¼ 0.01; ref. 3]. Although these ﬁndings are encouraging, they were based on the most commonly used
random effects model of Dersimonian and Laird (4), a model
that has been shown to be less accurate than the recently
developed inverse heterogeneity (IVhet) model (5). The purpose of this brief report was to use the IVhet model (5) to
examine the effects of aerobic exercise on CRF and compare
these ﬁndings with previous meta-analytic results based on
the random effects model (3).

Data source
Data for the current brief report were derived from the most
recently reported meta-analysis on exercise and CRF in adult
cancer patients and survivors, details of which have been
described elsewhere (3). Brieﬂy, randomized controlled trials of
aerobic exercise representing 36 SMD effect sizes (ES) for CRF
from 26 studies that included 2,830 adults (1,426 exercise, 1,404
control) were pooled using the IVhet model (3).
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Data synthesis
ES calculations. The effect sizes pooled for the current study were
extracted from previously reported SMD results on aerobic exercise and CRF (3).
ES pooling. The recently developed IVhet model was used to pool
each SMD on aerobic exercise and CRF in adults, details of which
have been described elsewhere (5). This quasi-likelihood model is
produced by calculating weights that sum to 1 from each study,
pooling the effects from all studies, and then calculating the
variance of the pooled ESs. The IVhet model has been shown to
be more valid then the original random effects, method-ofmoments model of Dersimonian and Laird (5), the most commonly used model for pooling aggregate data meta-analytic
results (6).
The pooled results for CRF derived from the IVhet were
then compared with those previously calculated (3) using
the original random effects method-of-moments model of
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Figure 1.
Forest plot for changes in CRF using the IVhet model. The black squares represent the SMD ES, whereas the left and right extremes of the squares
represent the corresponding 95% CIs. The middle of the black diamond represents the overall SMD, whereas the right and left extremes of the
diamond represent the corresponding 95% CIs.

Dersimonian and Laird (4). In addition, Q and I2 statistics for
heterogeneity and inconsistency were calculated as well as
inﬂuence analysis with each study deleted from the model
once. For I2, inconsistency was considered to be very low
(<25%), low (25%–<50%), moderate (50%–<75%), or large
(75%; ref. 7). All analyses were conducted using the same data
and partitioning of ESs as reported in the original meta-analysis
(3). Data were analyzed using MetaXL (version 5.3; ref. 8).

Results
A total of 36 SMD ESs representing 2,830 adults 18 years of
age and older (1,426 exercise, 1,404 control) were pooled from
the previous meta-analysis (3). Results for changes in CRF using
the IVhet model are shown in Fig. 1. As can be seen, results were
not statistically signiﬁcant using the IVhet model (SMD, 0.08;
95% CI, 0.31–0.14; P ¼ 0.46). Statistically signiﬁcant heterogeneity (Q ¼ 158.1, P < 0.001) and a large amount of inconsistency (I2 ¼ 78.0%; 95% CI, 69.8%–83.8%) were observed. IVhet
model results yielded a SMD that was 0.14 (63.6%) smaller
than the random effects model. With each study deleted from
the model once, SMD results remained statistically nonsigniﬁcant
across all deletions, ranging from 0.11 (95% CI, 0.33–0.11)
to 0.06 (95% CI, 0.28–0.16).

important as meta-analyses are often used to make decisions
about the usefulness of an intervention, such as aerobic exercise
on an outcome such as CRF. The former notwithstanding, the
current ﬁndings should be viewed with respect to the following
potential limitations. First, as the current ﬁndings were based
on aggregate data, there is the potential for ecological fallacy.
Second, there was signiﬁcant heterogeneity and inconsistency
regardless of the model used. Consequently, there may be some
subgroups in which CRF may improve as a result of aerobic
exercise, while others do not (3). However, use of the IVhet
model for subgroup analyses (type of cancer, method of CRF
assessment, exercise characteristics, etc.) was not possible
because summary data from each included study based on
these characteristics were not available in the original metaanalysis (3). Nevertheless, because studies are not randomly
assigned to subgroups in meta-analysis, they are considered to
be observational in nature. Therefore, the results of any subgroup analyses conducted in an aggregate data meta-analysis do
not support causal inferences. In addition, multiple subgroup
analyses increase the risk for chance ﬁndings.

Conclusions
A lack of convincing evidence exists to support the use of
aerobic exercise for reducing CRF in adults.

Discussion
The results of the current study suggest that caution may be
warranted regarding the beneﬁts of exercise on CRF. This is
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