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Research Article

Introduction

There were approximately 7.6 million female cancer survi-
vors living in the United States as of 2014, and it is expected 
that there will be an additional 2 million in the next 10 years.1 
Breast and endometrial cancer survivors account for nearly 
50% of all female cancer survivors, and more than 25% of all 
cancer survivors. Observational evidence suggests that phys-
ical activity reduces the risk of lung,2 breast,3 colorectal,4 and 
endometrial cancers5 among women and has been shown to 
improve treatment outcomes for female survivors of lung,6 
breast,3 and colorectal cancer.7 The benefits of physical activ-
ity on endometrial cancer survivorship have not yet been 
established,8 but preliminary results are promising.9

Although physical activity may benefit cancer survi-
vors, female cancer survivors are not likely to improve 
physical activity behaviors following cancer treatment.10 
Furthermore, endometrial cancer survivors are less physi-
cally active than comparable women without endometrial 
cancer.11 This may be in part because physical activity 

734911 ICTXXX10.1177/1534735417734911Integrative Cancer TherapiesRossi et al
research-article20172017

1Long Island University Brooklyn, NY, USA
2Columbia University, New York, NY, USA

Corresponding Author:
Amerigo Rossi, Division of Athletic Training, Health and Exercise 
Science, Long Island University Brooklyn, 1 University Plaza, HS 311a, 
Brooklyn, NY 11201, USA. 
Email: amerigo.rossi@liu.edu

Effects of Theory-Based Behavioral 
Interventions on Physical Activity Among 
Overweight and Obese Female Cancer 
Survivors: A Systematic Review of 
Randomized Controlled Trials

Amerigo Rossi, EdD1,2, Ciarán Friel, MS2, Leeja Carter, PhD1,  
and Carol Ewing Garber, PhD2

Abstract
Purpose. To determine whether theory-based physical activity (PA) interventions for overweight and obese female cancer 
survivors lead to increased PA and improved health. Methods. This systematic review examined randomized controlled trials 
analyzing the impact of theory-based PA interventions on overweight and obese female cancer survivors through December 
2016. Searches of 5 electronic databases revealed 10 articles that included 1351 participants who met the inclusion criteria. 
Results. Participants were primarily non-Hispanic white (74%-100%) breast or endometrial cancer survivors. Intervention 
characteristics and PA assessment tools varied greatly. Adherence (68%-99%) and retention (79%-100%) were relatively 
high. Social cognitive theory was utilized as the theoretical construct in 9 of the 10 studies. Home-based interventions led 
to small improvements in PA (Cohen’s d range = 0.25-0.31), whereas home-based plus center-based interventions led to 
moderate to large improvements (Cohen’s d range = 0.45-1.02). Only three of the studies assessed psychosocial behavioral 
processes associated with PA, and the results were mixed. Health-related outcomes included improvements in aerobic 
fitness (Cohen’s d = 0.32-1.1 in 5 studies), large absolute decreases in waist circumferences (>6 cm in 3 of 5 studies; 
Cohen’s d = −0.31 to −1.02), and no change in inflammatory biomarkers (in 2 studies). Only one serious adverse event 
(pelvic stress fracture) was attributed to the interventions. Conclusions. Theory-based PA interventions are safe and feasible 
for overweight and obese female cancer survivors. Interventions that include a center-based component showed moderate 
to large effect sizes for PA. Future studies should evaluate behavioral variables and more health-related clinical outcomes.

Keywords
physical activity, cancer survivor, exercise, theory-based, intervention

Submitted February 22, 2017; revised August 23, 2017; accepted September 7, 2017

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/ict


Rossi et al 227

prescriptions are not a uniform part of the standard of care 
for female cancer survivors.12 Moreover, female cancer 
survivors may avoid physical activity because they are too 
busy13 or because of low self-efficacy and lack of enjoy-
ment from physical activity, among other factors.14 Some 
female cancer survivors also report being too self-con-
scious of their body image to be physically active.13 It is 
vital, therefore, to identify components of effective behav-
ioral interventions to increase physical activity among 
female cancer survivors.

A recent review of 10 behavioral interventions for female 
breast cancer survivors completed through July 2012 indi-
cated that behavioral interventions may be an effective 
method for increasing physical activity,15 although the anal-
ysis did not consider differential effects of the interventions 
based on baseline body mass index. Other studies report 
that obese women exhibit different health behavior patterns 
compared with healthy weight control participants.16 
Overweight and obese female cancer survivors are up to 
47% less physically active17,18 and have lower exercise self-
efficacy19 compared with healthy-weight cancer survivors. 
These findings indicate that an updated systematic review is 
warranted to explore the effects of behavioral interventions 
on overweight and obese female cancer survivors.

There is growing evidence that theory-based interven-
tions are more effective at changing health behaviors than 
atheoretical interventions.20 Theory-based interventions 
also provide a useful framework for analyzing the underly-
ing factors that may have mediated any associated physical 
activity improvements. Therefore, the aim of this system-
atic review was to determine whether theory-based inter-
ventions for overweight and obese female cancer survivors, 
regardless of cancer site, led to an increase in physical 
activity. A secondary aim was to evaluate associated psy-
chosocial variables and health-related outcome measures 
related to physical activity.

Methods

This review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines.21

Literature Search

Comprehensive searches of The Cumulative Index to 
Nursing and Allied Health (CINAHL), PsycINFO, 
PubMed, Scopus, and EMBASE databases were used to 
identify relevant English-language articles. The keywords 
used for the searches are detailed in Supplemental File 1 
(available at: http://journals.sagepub.com/home/ict/sup-
plemental-data). For example, using the PubMed data-
base, an advanced Boolean search was conducted using 
(Cancer AND Survivor*) AND (Intervention OR Program 

OR Theory-based) AND (Randomized Controlled Trial) 
AND (Physical Activity OR Walking OR Exercise OR 
Sedentary). The reference lists of qualifying articles were 
also searched for nonindexed research sources.

Inclusion Criteria

To be included in the systematic review, studies must have 
met the following criteria: (1) randomized controlled trial 
published through December 2016; (2) administered a the-
ory-based intervention aimed at increasing physical activity 
behaviors; (3) at least 90% of the participants were female 
cancer survivors (all sites), or physical activity results pre-
sented separately for men and women separately; (4) have a 
mean BMI among women of ≥30 kg/m2; (5) assessed physi-
cal activity before and after the intervention; and (6) written 
in the English language. In studies that met all the inclusion 
criteria but did not report BMI (n = 4), the study authors 
were contacted to determine the baseline BMI.

Study Selection Process. A search was conducted in January 
2017 of all articles published from earliest available through 
December 2016. The titles and abstracts of articles retrieved 
through the searches were preliminarily screened to assess 
inclusion by 2 authors (AR and CF). Articles were immedi-
ately excluded if it was clear that they did not meet the 
inclusion criteria described above or if they were duplicates 
from previous searches. The articles that passed the initial 
screening were further analyzed (by AR and CF) to deter-
mine whether they met the inclusion criteria. For a flow dia-
gram, see Figure 1.

Data Extraction and Quality Assessment

Bibliographic information (authors, title, publication 
year), sample characteristics, intervention (type, fre-
quency, duration, length), intervention theoretical frame-
work (social cognitive theory, theory of planned behavior, 
etc), behavioral constructs incorporated (barrier identifi-
cation, self-talk, goal setting), subjective and/or objective 
physical activity outcome measures, and health-related 
outcomes were extracted. In cases of incomplete or incon-
sistent data, study authors were contacted by AR. Each 
included study was assessed for quality using an adapted 
version of previously developed criteria,22 which scores 
studies on a scale of 7 to 21 using 7 equally weighted 
categories (see Table 1). It was determined a priori that 
scores between 19 and 21 would indicate low risk of bias, 
scores between 16 and 18 would indicate moderate risk of 
bias, and scores of 15 or lower would indicate high risk of 
bias. In case of disagreement between the 2 primary 
authors (AR and CF) regarding outcome measures or 
study quality, a third author (LC) reviewed the data to 
determine the correct finding.
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Table 1. Criteria and Grading Study Quality.a

Criteria Grade Description

Randomization 1 Groups were not randomized and presence of discrepancies in baseline characteristics
 2 Groups not randomized but were well matched
 3 Groups were randomized
Compliance with the study 1 Losses were greater than 30% or not reported
 2 Losses were between 21% and 30%
 3 Losses were 20% or less
Compliance with the intervention 1 Less than 50% or not reported
 2 Between 50% and 70%
 3 70% Or greater
Behavioral intervention 1 No specific theory basis for intervention
 2 Specific intervention but subjective measure of PA
 3 Specific intervention and objective measurement of PA
Confounding variablesb 1 Lack of control for confounding variables (<3 variables)
 2 Control over some confounding variables (3-4 variables)
 3 Control over most confounding variables (5+ variables)
Duration of the trial 1 Less than 3 months
 2 3-6 Months
 3 Greater than 6 months
Sample size 1 Less than 20 per group
 2 20-40 Per group
 3 +40 Per group

aCriteria adapted from Hind and Burrows.22

bAge, body mass index, baseline physical activity, diet, stage at diagnosis, attention.

Figure 1. Systematic review inclusion flow diagram.
Abbreviations: BMI, body mass index; RCT, randomized controlled trial; PA, physical activity.
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Results

Participant Characteristics

From an initial 826 articles assessed, 10 randomized con-
trolled trials, which cumulatively included 1351 partici-
pants, met the eligibility criteria, and were analyzed in this 
systematic review (Figure 1). Seven of the studies assessed 
the impact of behavioral interventions on breast cancer sur-
vivors only,23-29 2 on endometrial cancer survivors only,9,30 
and 1 assessed primarily breast cancer survivors and some 
colorectal cancer survivors.31 Each of the studies included 
only female participants, except for 1 study that included 
colorectal cancer survivors, in which 92% of the partici-
pants were women.31 The mean ages of participants in the 
included studies ranged from 52 to 61 years, and the mean 
BMI ranged from 30.9 to 43.5 kg/m2. Participants in each 
study were primarily non-Hispanic white (74%-100%).

Intervention Characteristics

The duration, delivery method, and frequency of the inter-
ventions varied greatly between studies (Table 2). The inter-
ventions lasted either 12 weeks,26-29 16 weeks,24,31 6 
months,9,30 or 1 year.23,25 The primary aims of the interven-
tions were to improve both diet and physical activity,9,23-25,30 
physical activity exclusively,26,27,29,31 or fatigue.28 Two of the 
interventions were entirely home based, 1 provided print 
materials sent every 2 months,23 and 1 used near-weekly 30- 
to 45-minute telephone calls.31 The other 8 studies adminis-
tered interventions through a combination of home-based 
and center-based activities occurring semiweekly, weekly, or 
biweekly during the first 6 to 16 weeks and then biweekly or 
monthly until the intervention end point.

Of the 10 studies, 7 incorporated inclusion/exclusion cri-
teria that participants must not have been physically active 
prior to enrollment, with the specific criteria being quite 
varied, ranging from no structured physical activity pro-
gram in the preceding 6 months,9 to <40 min/wk of moder-
ate-intensity physical activity,28 to <150 min/wk of 
moderate-intensity physical activity.9 The reported changes 
in physical activity were similar for the 3 studies that did 
not have a physical activity enrollment criterion24,25,30(Cohen’s 
d = 0.45-0.79) compared with the 7 studies that did (Cohen’s 
d = 0.24-1.15).

Four of the studies incorporated in-person exercise classes 
during the first 6 or more weeks of the intervention,26-29 and 
5 studies distributed physical activity monitors9,23,30,31 or 
heart rate monitors29 as a motivational device as part of a 
home-based intervention. Out of the 8 included studies that 
incorporated both center- and home-based components, 2 
administered the center-based followed by the home-based 
intervention,24,25 whereas the other 6 interventions9,26-30 had 
the home-based activities concurrent with the center-based 
portion of the intervention. In each case, the interventions 

were front-loaded, such that more behavioral counseling and/
or exercise classes occurred during the first several weeks 
and then tapered off toward the end of the intervention. Only 
2 of the 8 studies that included a center-based component 
reported on the type of facility utilized, and both those were 
academic centers.28,29

The control groups were given either usual care9,24-31 or 
standard diet and exercise materials.23 All the included stud-
ies used as a framework either the social cognitive theory 
alone9,25-31 or in conjunction with the transtheoretical 
model,23 except for one, which was based on the theory of 
cognitive behavioral therapy.24

Physical Activity–Related Outcomes

Physical activity outcomes in 8 of the studies were 
assessed using the Godin Leisure Time Physical Activity 
Questionnaire9,23,25,26,29,30 or the 7-day physical activity 
recall.24,31 Pedometers9 or accelerometers23,26-29 were used 
to measure physical activity in addition to questionnaires 
in 4 studies and as the sole measurement of physical activ-
ity in 2 studies.27,28

The 2 studies that provided exclusively home-based 
behavioral interventions failed to detect significant increases 
in any measure of physical activity in the intervention 
groups.23,31 Effect sizes for the home-based interventions, 
which were calculated post hoc, ranged from a Cohen’s d of 
0.25 to 0.31, indicating a small, but positive effect. Of the 8 
studies that administered home-based combined with center-
based interventions, 5 observed significant improvements in 
self-reported physical activity,30 pedometer or accelerometer 
physical activity counts,26,28 or both.9,29 The questionnaire-
based physical activity assessments showed moderate- to 
vigorous-intensity physical activity (MVPA) improvements 
resulting from the interventions (range = 18-138 min/wk, 
Cohen’s d = 0.16-0.65).9,23-26,29,31,32 Similarly, the objective 
physical activity assessments indicated that the interventions 
led to an increase in MVPA (range = 32-84 min/wk, Cohen’s 
d = 0.24-1.15).9,23,26-29 Two studies had moderate to large 
effect sizes (Cohen’s d = 0.77-0.79) but did not find signifi-
cant change compared with the controls.24,27

The primary aim of 5 of the studies was to increase phys-
ical activity,26-29,31 whereas the other 5 aimed to improve 
both physical activity and diet.9,23-25,30 As was noted for 
methodological differences regarding inclusion criteria, 
there were no differences in the effect sizes for the physical 
activity outcomes between these 2 types of studies. 
Adherence (68%-99%) and retention (≥79%) were rela-
tively high in each of the included studies, indicating the 
acceptability and feasibility of these types of physical activ-
ity interventions for this population.

Several health behavior change techniques33 were 
used to maximize the effectiveness of the study. The 
most common behavior change strategies were the 
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self-monitoring of physical activity behavior,* relapse 
prevention,23,25-27,29,31 specific goal setting,9,23-25,29-31 and 
improving time management.26,27,29 None of the studies 
presented any quantitative or qualitative data with which 
to evaluate the relative acceptance or impact of any of 
the behavior change techniques.

Only 3 of the 10 studies reported psychosocial behavioral 
processes, and these found conflicting results.23,28,31 Two stud-
ies found no significant differences in self-efficacy (Cohen’s  
d = 0.39-0.48)23,31 or social support (Cohen’s d = −0.51)23 in 
the intervention group. The other study found significant 
improvements in both walking self-efficacy (Cohen’s d = 0.66) 
and social support (Cohen’s d = 0.85).28 The latter study, which 
found significant and large effect size improvements in psy-
chosocial behavioral processes, was a center-based interven-
tion, whereas the other 2 were home-based interventions.

Five of the studies included information regarding 
adverse events.23,26-29 Two studies reported no serious 
adverse events,26,28 and 2 mentioned minor joint injuries/
soreness related to the interventions.23,27 Out of the 753 
overweight and obese women assigned to physical activity 
interventions, only 1 serious adverse event, a pelvic stress 
fracture, was reported.29 This corresponds to a 0.13% 
chance of injury for this population.

Health-Related Outcomes

The health-related outcomes are summarized in Table 3. Five 
of the studies assessed changes in aerobic fitness.26-29,31 Of the 
4 studies that estimated peak oxygen intake via submaximal 
treadmill tests,26-29 only 2 found significant improvements 
compared with controls,27,28 but each of the 4 studies found 
improvements in peak oxygen intake ranging from 0.6 to  
3.8 mL/kg/m greater when compared with the control groups 
(Cohen’s d = 0.32-1.1).26-29 In the study that assessed aerobic 
fitness via the 6-minute walk test, a significant increase in dis-
tance walked was observed (Cohen’s d = 0.58).24

Body composition was assessed by 9 studies, using total 
body fat,24,26-28 waist circumference,9,23-25,31 and/or body 
mass index.9,23-28,30 Of the 4 studies that assessed body fat 
percentage, 3 found a decrease24,27,28 (range = 0.1% to 
−4.5%, Cohen’s d = 0.01 to −0.65), but only 2 found signifi-
cant reductions.24,28 Of the 5 studies that assessed waist cir-
cumference, 3 reported large, significant decreases (>6 cm; 
Cohen’s d = −0.31 to −1.02),23-25 but 2 other studies found 
no difference between groups.9,31 For the 8 studies that 
assessed body mass index, only 3 observed a significant 
reduction.23-25

Systolic blood pressure, which was assessed in 2 studies,23,25 
decreased in both, but by only 1 mm Hg compared with the 
control group (Cohen’s d = −0.06 to 0.05). Blood lipids 

improved moderately in the 1 study that assessed them,24 and 
there were no apparent changes found for inflammatory mark-
ers in 2 studies (Table 4).27,28

Discussion

The primary finding of this systematic review was that the-
ory-based interventions may lead to increases in physical 
activity among overweight and obese female cancer survi-
vors, provided that interventions include a substantial cen-
ter-based component. Additionally, each of the studies that 
did not achieve significant improvements in physical activ-
ity showed moderate effect size increases in physical activ-
ity, suggesting that they may also be effective,34 although 
studies with larger sample sizes are needed to confirm this 
finding. Although these findings are promising, the lack of 
reported psychosocial variables limits the interpretation 
regarding the underlying causes of the observed increases 
in physical activity.

The magnitude of the observed increases in physical 
activity in relationship to recommended targets for health-
ful physical activity is somewhat difficult to determine 
because of the varied nature of the questionnaires utilized.35 
The current American College of Sports Medicine recom-
mendation for physical activity is 150 min/wk of moderate 
to vigorous physical activity (MVPA).36 Female breast and 
uterine cancer survivors normally perform approximately 
60 to 90 minutes of MVPA per week,17 such that these pop-
ulations need to increase their MVPA by approximately 60 
to 90 minutes to reach the recommendations. The studies 
included in this systematic review reported that the theory-
based interventions led to approximately 30- to 100-min/wk 
increases in MVPA. Therefore, these interventions appear 
to increase physical activity enough for female breast can-
cer survivors to achieve the recommended MVPA per week.

The findings regarding changes in PA in this review are 
similar in scope to what was reported in a previous meta-
analysis for cancer survivors that included healthy-weight 
survivors.37 In that meta-analysis, the standardized mean 
effect size for social cognitive theory–based interventions 
on physical activity outcomes was 0.34, whereas our sam-
ple effect size estimates ranged from Cohen’s d =0.16 to 
1.15. This indicates that obese female cancer survivors are 
able to actively participate in, and benefit from, physical 
activity interventions.

Consistent with previous findings regarding the feasibil-
ity of cancer physical activity trials,38 the home-based inter-
ventions did not produce significant improvements in 
physical activity. However, the 8 home-based plus center-
based interventions produced significant improvements 
with moderate to large effect sizes. This difference may be 
a result of the differences in the scope of the interventions. 
Each of the home-based plus center-based interventions *References 9, 21, 23, 24, 26, 27, 30.
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provided more contact hours with health professionals than 
the home-based interventions, which may have been the 
cause for the reported positive outcomes. For example, the 
home-based intervention by Ligibel et al31 provided 10 to 
11 phone calls totaling approximately 300 to 500 minutes of 
intervention over the course of 16 weeks. In contrast, 
Rogers et al26 administered approximately 1500 minutes 
over the 12 weeks of the study, providing greater potential 
for physical activity behavior change. Future studies with 
overweight and obese female cancer survivors should 
administer home-based plus center-based components to 
maximize the benefits for the participants and should evalu-
ate which psychosocial indicators best predict intervention 
adherence and improvement, so that it can be determined 
whether any improvements were a result of psychosocial 
changes or simply a result of having actively participated in 
moderate-to-vigorous intensity exercise classes.

Considering that one of the inclusion criteria for this 
systematic review was that the studies must be based on 
a theoretical framework, it was surprising to find that 
only 3 of the studies actually provided results regarding 
the associated psychosocial process variables. Because 
of this absence, the interpretation of the results is prob-
lematic because it is difficult to identify the factors asso-
ciated with effectiveness. In addition, the 3 studies that 
did provide information regarding psychosocial behav-
ioral variables found conflicting results in self-efficacy 
and social support, although those are proposed media-
tors of physical activity participation.39 These differ-
ences in psychosocial variable changes may be ascribed 
to the different outcomes following home-based com-
pared with center-based plus home-based interventions, 
but a detailed analysis is not possible because of the lack 
of data from more studies. Future theory-based interven-
tions in this population should ensure that behavioral 
variables are measured and reported, so that the factors 
underlying the relative effectiveness of the behavioral 
components can be assessed.

The primary limitation of the current review was that the 
physical activity interventions varied greatly among the 
included studies, making it difficult to summarize the find-
ings. Based on the available data, it is clear that theory-
based interventions improved physical activity and aerobic 
fitness and that center-based interventions have a greater 
effect on physical activity. Study quality was moderate to 
high in all the included studies according to the assessment 
methods used in this systematic review.22 However, several 
studies did not achieve top scores for intervention duration 
and sample size. Given the heterogeneity of the studies, and 
subsequent difficulties of pooling data from varied studies, 
future interventions should aim to enroll sufficient partici-
pants and administer lengthy interventions in order to deter-
mine effectiveness with a greater degree of certainty.

This review provides evidence that home-based plus 
center-based physical activity interventions may increase 
physical activity more than home-based programs alone 
among overweight and obese female cancer survivors. 
More studies will need to be conducted to determine the 
mediating and moderating factors and the most effective 
behavior change techniques in this population. Health care 
centers should consider administering physical activity pro-
grams for cancer survivors to increase physical activity and 
improve health of their patients.
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Table 4. Methodological Quality of the Included Studies.a

Authors Randomization
Study 

Compliance
Intervention 
Compliance Intervention

Confounding 
Variables Duration

Sample 
size Total

Demark-Wahnefried et al17 
(2014)

3 3 1 3 3 3 2 18

Ligibel et al31 (2012) 3 2 3 2 2 2 3 15
Mefferd et al24 (2007) 3 3 3 2 2 2 2 17
Rock et al25 (2015) 3 2 1 3 3 3 3 18
Rogers et al26 (2009) 3 3 3 3 3 2 2 19
Rogers et al27 (2013) 3 3 3 3 2 2 1 17
Rogers et al28 (2014) 3 3 3 3 1 2 2 17
Rogers et al29 (2015) 3 3 3 3 3 2 3 20
Von Gruenigen et al30 (2008) 3 2 3 2 3 2 2 17
Von Gruenigen et al9 (2012) 3 3 3 3 3 2 2 19

aPossible score range: 7-21.16 Higher scores indicate higher-quality studies.
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