
lable at ScienceDirect

The Breast 44 (2019) 73e80
Contents lists avai
The Breast

journal homepage: www.elsevier .com/brst
Original article
Cancer treatment effects on cognition and depression: The
moderating role of physical activity

Margaret F. Bedillion a, Emily B. Ansell b, c, Gwendolyn A. Thomas a, c, *

a Department of Exercise Science, 201 Women's Building, Syracuse University, USA
b Department of Psychology, 430 Huntington Hall, Syracuse University, USA
c Program in Neuroscience, 362 Life Sciences, Syracuse University, USA
a r t i c l e i n f o

Article history:
Received 19 October 2018
Received in revised form
8 January 2019
Accepted 14 January 2019
Available online 16 January 2019

Keywords:
Cognition
Depression
Physical activity
Breast cancer
Cancer treatment
Abbreviations: PCI, perceived cognitive impairmen
* Corresponding author. Department of Exercise Sc

E-mail addresses: mfbedill@syr.edu (M.F. Bedillion

https://doi.org/10.1016/j.breast.2019.01.004
0960-9776/© 2019 Published by Elsevier Ltd.
a b s t r a c t

Objectives: Breast cancer survivors report significant cognitive impairments post treatment, particularly
following chemotherapy. Depression may also occur post treatment and may partially mediate the effects
of cancer treatment on cognition. Additionally, physical activity has been shown to mitigate treatment
effects on cognition and depression. This study examined the role of depression in mediating the effects
of cancer treatment on cognitive function (perceived cognitive impairment, PCI; perceived cognitive
ability, PCA) in breast cancer survivors and explored the role of physical activity in moderating these
effects.
Materials and methods: 317 breast cancer survivors were recruited via Army of Women. Participants
were 40e75 years old and had stage 0 (in situ) to IIIc breast cancer and were less than 10 years post
treatment. Participants completed a demographic and treatment questionnaire, as well as the Interna-
tional Physical Activity Questionnaire, Functional Assessment of Cancer Therapy-Cognitive Function, and
Center for Epidemiologic Studies Depression Scale.
Results: Depressive symptoms significantly contributed to cognitive function in all models. Moderate and
vigorous levels of physical activity moderated breast cancer treatment effects on depression and
cognition. Chemotherapy, tamoxifen, and anastrozole all demonstrated negative effects on cognition.
Conclusion: The results from this study support the importance of examining mediating factors in the
effects of cancer treatment on cognition, particularly depression, following cancer treatment. Effects of
treatment on cognition in breast cancer survivors are partially explained by changes in depressive
symptoms, although chemotherapy may impact cognition independent of depression. Importantly,
physical activity may reduce the risk of depression and cognitive impairment in breast cancer survivors.

© 2019 Published by Elsevier Ltd.
1. Introduction

The prevalence of breast cancer survivors has increased sub-
stantially in recent years, in part due to earlier detection of cancer,
better treatment outcomes, and the inclusion of multidisciplinary
care teams in providing care [1]. Although these approaches may
lengthen an individual's longevity, they are often associated with
long-term impairment. Breast cancer survivors will often experi-
ence adverse effects such as depression and declines in cognitive
function [2,3]. Acute cognitive declines, as measured via neuro-
psychological testing, occurs in 60% of breast cancer patients during
t; PCA, perceived cognitive ability
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treatment. An additional 29% of breast cancer patients show late
(post-treatment) cognitive declines [4]. The incidence of depres-
sion in breast cancer survivors has also increased, with rates as high
as 50% in some samples [5]. Depressive symptoms in breast cancer
survivors are associated with reduced survival [6]. Given the high
incidence of cognitive and depressive symptoms in breast cancer
survivors, understanding which factors may mitigate them is an
important area for further research.

Colloquially, terms such as ‘chemofog’ or ‘chemobrain’ have
been used to describe the subsequent effects of systemic treatment
in reference to cognitive impairment [1]. Chemotherapy has been
; MPA, moderate physical activity; VPA, vigorous physical activity.
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Fig. 1. Proposed model of cancer treatment effects and physical activity on depression
and cognition.
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shown to be associated with cognitive decline [7]. This cognitive
dysfunction has been demonstrated both acutely and long-term in
cancer patients [8]. Recently, the use of aromatase inhibitors and
tamoxifen have shown evidence as factors influencing cognitive
impairment in cancer survivors [9,10]. The most common aroma-
tase inhibitors examined in the literature are anastrozole, letrozole,
and exemestane, which are given to post-menopausal women,
while tamoxifen is primarily given to pre-menopausal women [11].
Cognitive function, such as perception, planning, and memory, is
impaired by anticancer treatments [12]. Verbal memory and psy-
chomotor speed in women with breast cancer is impaired by the
use of aromatase inhibitors and tamoxifen treatment [10,13].
Perceived cognition is associated with neuropsychological mea-
sures of executive function, immediate and delayed verbal memory,
and depressive symptoms in breast cancer survivors [14]. Less is
known about the impact of these deficits on cognitive function in
everyday life. The evidence for anticancer treatment effects on
depression and how it effects the etiology of cognitive dysfunction
needs to be clarified. A meta-analysis of depression in cancer sur-
vivors found a pooled effect of 20% of breast cancer survivors
meeting the diagnostic criteria for depression [15]. Depression in
breast cancer survivors presents limitations in cognitive functions
regardless of cause [16]. A recent study of endocrine treatment,
depression, and chemotherapy on cognition in breast cancer sur-
vivors concluded that depression had the largest effect in predict-
ing cognitive impairments [16]. However, endocrine treatment was
also significantly associated with cognitive impairments in the
model [16]. Older adults enrolled in a four-month exercise program
experienced improvements in executive function and memory,
along with a decrease in depressive symptoms [17]. Quality of life is
also negatively affected by the experience of cognitive declines.
However, physical activity may have the potential to reduce
depressive symptoms and improve cognition in breast cancer sur-
vivors [18].

While treatment negatively impacts mood and cognition in
breast cancer survivors, it is known that lifestyle interventions
mitigate these effects. According to the American College of Sports
Medicine (ACSM), the general exercise requirement for cancer
survivors is 150min of moderate-to-vigorous physical activity
(MVPA) per week [19]. However, breast cancer survivors signifi-
cantly reduce their physical activity level from pre-to post-diag-
nosis [20]. This places them at higher risk for neurodegeneration
and cognitive impairment due to physical inactivity [21]. Imple-
menting physical activity during, and post treatment, could pre-
empt these declines in breast cancer survivors. Specifically,
moderate to vigorous physical activity in breast cancer survivors
has been shown to have a complimentary effect on information
processing speed [22]. This suggests that physical activity may be a
preventative measure for cognitive decline in breast cancer survi-
vors [23].

Physical activity has similar benefits for depressive symptoms
[24]. The role of physical activity on depression and cognitive
function in breast cancer survivors is not well documented and
therefore more research is needed to examine potential pathways
underlying these complex effects. The purpose of this study is to
examine the role of depression in mediating the effects of breast
cancer treatment on cognitive function (perceived cognitive
impairment, PCI; perceived cognitive ability, PCA). In addition, this
study will examine the role of physical activity in mitigating these
adverse effects of cancer treatment. The proposed model of anti-
cancer treatment effects on depression and cognition and the
pathways tested are outlined in Fig. 1. We hypothesize that breast
cancer treatments will increase the severity of depressive symp-
toms, and that these symptoms will be associated with greater
cognitive impairment. We also hypothesize that breast cancer
survivors who engage in higher levels of physical activity will have
less depressive symptoms and better cognitive function post
treatment.
2. Methods

2.1. Participants and recruitment

Breast cancer survivors were recruited via the Army of Women
(AOW), a national non-profit breast cancer organization, which is
an initiative of the Dr. Susan Love Research Foundation. Partici-
pants were women between 40 and 75 years old who had stage
0 (in situ) to stage IIIc breast cancer and were less than 10 years
post diagnosis. In order to complete study evaluations and as-
sessments the ability to read English and have access to a smart-
phone, tablet, ipad, computer, or laptop was required. We
administered the surveys via Qualtrics, an online research survey
platform. Surveys assessed demographics, treatment, cognitive
function, depression, and self-reported physical activity of each
breast cancer survivor. The Syracuse University Institutional Re-
view Board (IRB) and the DSLRF Scientific Advisory Committee
approved all procedures. Participants were recruited via an e-blast,
which was sent out to eligible AOW members describing the study
and inclusion criteria.
2.2. Demographic/treatment questionnaire

This measure was used to acquire anthropometric data, specif-
ically height and weight. The treatment questionnaire was used to
assess the time of diagnosis, recurrences, stage of breast cancer and
cancer treatment for all participants.
2.3. Functional Assessment of Cancer Therapy-Cognitive function
(FACT-Cog)

This is a 37-item questionnaire assessing cognitive function.
Two of the four subscales, perceived cognitive impairment (PCI)
and perceived cognitive ability (PCA), were used to measure
cognition in the participants. Participants responded to each
question based on the occurrence over the past 7 days using a 5-
point Likert scale, 0 (never/not at all) to 4 (several times a day/
very much). Negatively worded PCI items were reverse scored prior
to summation. Higher scores on the FACT-Cog are indicative of
greater cognitive function. PCI and PCA scores can range from 0 to
132. The FACT-Cog has been found to be a valid and reliable mea-
sure to evaluate cognition in cancer patients [25,26].
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2.4. International Physical Activity Questionnaire (IPAQ)

The IPAQ long form was used to determine self-reported hours
per week spent in moderate-to vigorous-intensity sports and rec-
reational activities. A comprehensive set of domains including:
leisure time physical activity, domestic and gardening activities,
work-related physical activity, and transport-related physical ac-
tivity were used to compute total scores including the summation
of the duration (in minutes) and frequency (days) for all types of
activities. The volume of activity was then computed by weighting
each type of activity dependent upon its energy requirement,
defined in metabolic equivalents (METs), to yield a total score in
MET-minutes. The IPAQ is ameasure that has been found to be valid
and reliable in evaluating self-reported physical activity [27].
2.5. Center for epidemiologic studies depression (CES-D)

The 20-item CES-D assesses depressive symptoms over the last
7 days. Scores can range from 0 to 60, with higher scores indicative
of greater depressive symptoms. In previous studies, a score of 16
indicates a clinically significant level of depression. The CES-D has
been previously used in cancer patients, shown strong internal
consistency, and correlation with other measures of depression
[28]. Cronbach's alpha for the present study is 0.931.
Table 1
Demographics.

Age (yrs) 59.1 (7.9)
Years Since Diagnosis 5.7 (2.8)
Stage
0 16.9
I 35.8
II 33.9
III 13.4
BMI (kg/m2) 28.7 (6.9)
Ethnicity (%)
White 92.5
African-American 4.8
Asian Pacific Islander 2.7
Education Level (%)
Some High School/Diploma or G.E.D. 2.8
Vocational/Some College/Associates 17.5
College Degree 23.2
Some grad school/Master's Degree 47.1
Doctoral Degree 9.4
Treatment (%)
Surgery 98.4
Radiation 67.4
Aromatase Inhibitors 56.1
Estrogen Modulator 46.1
Chemotherapy 60.2
Tamoxifen 44.7
CES-D 11.6 (10.9)

N¼ 317. Means and SD or percentile.

Table 2
Mediation model of treatment effects on depression and cognition.

Model
R2¼ 0.055
F (8,304)¼ 2.22, p¼ .026

CES-D

Coefficient SE

Chemotherapy 0.581 1.478
Tamoxifen 2.837 1.255
Anastrozole �2.122 1.324
Letrozole �0.072 1.462
Exemstane �1.678 1.865
CES-D e e

Values in bold are significant at p < .05; * indicates values which survived Bonferroni corre
diagnosis, ethnicity, and all other forms of treatment.
3. Statistical analysis

PROCESS macro regressions were used to predict perceived
cognitive impairment and perceived cognition function for all
pathways in Fig.1. Mediation effects were tested via 5000 bootstrap
samples to generate 95% confidence intervals. We included treat-
ments which previously have been identified as having a potential
effect on cognition: aromatase inhibitors, chemotherapy, and
tamoxifen. Moderate and vigorous physical activity (MPA; VPA), as
quantified by the IPAQ, were also included in each model. Based on
associations in the literature with cognition, physical activity, or
treatment, we also included ethnicity, years since diagnosis, and
stage of cancer as covariates. Age was not included as a covariate
due to the recommended use of different anticancer treatments
dependent on age of diagnosis [29e32]. Depression as measured by
the CES-D was entered as a mediator of the relationship between
treatment and cognition. Physical activity was tested as a moder-
ator of cancer treatment effects on depression, depression on
cognition, and treatment on cognition in all models. Due to the
number of models run, we report significance at p< .05 and note
the findings that survive a Bonferroni correction at p< .017. All
analyses were conducted through IBM SPSS version 24 and PRO-
CESS v3.1 [33].

4. Results

Four hundred and thirty four (434) participants were recruited
for the study. Three hundred and seventeen (317) breast cancer
survivors completed the study. There were no significant differ-
ences in demographics between those who were recruited and
those who completed. The mean age of the sample was 59 years
old, and the average years since diagnosis were 5.72 years. On
average the women had a body mass index (BMI) of 28.7 kg/m2 and
approximately a third were diagnosed with Stage I (35.8%) and a
third with Stage II (33.9%) breast cancer. The majority of women
identified as white (92.5%) and had completed some form of
graduate education (56.5%). Almost all women had received sur-
gery as part of their treatment (98.4%) and over half (67.4%) of the
women received radiation during their treatment. On average the
women had a score of 11.6 on the CES-D [See Table 1].

Results for all mediation models are presented in Tables 2 and 3.
Depression was significantly associated with impaired cognition in
all models. Of all treatments that were examined, only tamoxifen
was significantly associated with greater depression. In addition,
tamoxifen was the only treatment for which depression mediated
the effects of treatment on cognition (PCI: �2.665, 95% CI¼�5.113
to �0.447; PCA: �3.332, 95% CI¼�6.396 to �0.516).

Results for all models of moderated mediation are presented in
Tables 4e7. Across models, the total effect accounted for approxi-
mately 40% of the variance in cognition. None of the covariates
were significant predictors in the models. For all models,
PCI

P Coefficient SE P

0.695 �4.919 2.259 0.030
0.024 �3.208 1.918 0.096
0.110 0.302 2.024 0.882
0.961 �1.071 2.235 0.632
0.369 �0.812 2.851 0.776
e �0.921 0.070 <0.001*

ction. Covariates also included in the model: years since diagnosis, stage of cancer at



Table 3
Mediation model of treatment effects on depression and cognition.

Model
R2¼ 0.058
F (8,304)¼ 2.34, p¼ .019

CES-D PCA

Coefficient SE P Coefficient SE P

Chemotherapy 0.581 1.478 0.695 �7.278 2.837 0.011*
Tamoxifen 2.837 1.255 0.024 �4.033 2.408 0.095
Anastrozole �2.122 1.324 0.110 0.339 2.541 0.894
Letrozole �0.072 1.462 0.961 �0.515 2.807 0.855
Exemstane �1.678 1.865 0.369 �0.965 3.580 0.788
CES-D e e e �1.151 0.088 <0.001*

Values in bold are significant at p < .05; * indicates values which survived Bonferroni correction. Covariates also included in themodel: years since diagnosis, stage of cancer at
diagnosis, ethnicity, and all other forms of treatment.
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depressionwas significantly associated with cognitive impairments
and abilities.

There was a significant interaction effect of MPA on the effect of
chemotherapy on depression. Increasing MPA was associated with
decreasing depressive symptoms in those who had received
chemotherapy. There was no significant interaction of MPA and
depression effects on cognitive function. There was a significant
moderation by MPA on the direct effect of chemotherapy on PCI at
moderate and high levels of MPA (�4.597, p¼ .012; �7.303,
p¼ .004, respectively). Increasing amounts of MPAwere associated
Table 4
Moderated mediation model of treatment effects on perceived cognitive impairment, m

CES-D

Model 1
R2¼ .408
F (12,300)¼ 17.24, p< .001

Coefficient SE

Chemotherapy 3.159 1.937
Moderate PA .001 .001
Chemotherapy x Moderate PA -.002 .001
CES-D e e

CES-D x Moderate PA e e

Model 2
R2¼ .404
F (12,300)¼ 16.97, p< .001
Tamoxifen 2.608 1.829
Total Moderate PA -.000 .001
Tamoxifen x Total Moderate PA .000 .001
CES-D e e

CES-D x Total Moderate PA e e

Model 3
R2¼ .403
F (12,300)¼ 16.88, p< .001
Anastrozole �1.639 1.979
Total Moderate PA .000 .001
Anastrozole x Total Moderate PA -.000 .001
CES-D e e

CES-D x Total Moderate PA e e

Model 4
R2¼ .404
F (12,300)¼ 16.93, p< .001
Letrozole �1.208 2.079
Total Moderate PA -.000 .001
Letrozole x Total Moderate PA .001 .001
CES-D e e

CES-D x Total Moderate PA e e

Model 5
R2¼ .403
F (12,300)¼ 16.85, p< .001
Exemestane 2.141 2.768
Total Moderate PA .000 .001
Exemestane x Total Moderate PA -.003 .002
CES-D e e

CES-D x Total Moderate PA e e

Values in bold are significant at p < .05; * indicates values which survived Bonferroni corre
diagnosis, ethnicity, and all other forms of treatment.
with improved PCI but only for those who did not undergo
chemotherapy. The above effects were all replicated with PCA for
both moderate and high levels of MPA (�6.997, p¼ .002, �11.017,
p< .001, respectively). There was no significant effect in the models
for anastrozole and letrozole for both PCI and PCA. However,
depression significantly mediated the effect of exemestane on PCI
and PCA, but only for those with high levels of MPA (PCI: 6.345, 95%
CI¼ 2.648e11.241; PCA: 4.960, 95% CI¼ 2.032e9.293). For those
who received exemestane and engaged in more MPA, depression
was decreased and perceived cognition improved. Depression
oderated by total mets of moderate physical activity.

PCI

p Coefficient SE p

.104 �1.734 2.381 .467

.119 .002 .001 .124

.042 -.002 .001 .091
e -.966 .103 <.001*
e .000 .000 .682

.155 �2.126 2.249 .345

.859 .000 .001 .941

.866 .001 .001 .327
e -.958 .105 <.001*
e .000 .000 .629

.408 �2.922 2.425 .229

.906 .000 .001 .914

.749 .001 .001 .576
e -.975 .104 <.001*
e .000 .000 .472

.562 �2.436 2.552 .341

.679 .000 .001 .749

.445 .001 .002 .421
e -.959 .105 <.001*
e .000 .000 .637

.439 �1.374 3.399 .686

.602 .001 .001 .593

.063 -.001 .002 .779
e -.971 .104 <.001*
e .000 .000 .526

ction. Covariates also included in themodel: years since diagnosis, stage of cancer at



Table 5
Moderated mediation model of treatment effects on perceived cognitive ability, moderated by total mets of moderate physical activity.

CES-D PCA

Model 1
R2¼ .411
F (12,300)¼ 17.45, p< .001

Coefficient SE p Coefficient SE p

Chemotherapy 3.159 1.937 .104 �2.744 2.987 .359
Moderate PA .001 .001 .119 .003 .002 .033
Chemotherapy x Moderate PA -.002 .001 .042 -.003 .002 .046
CES-D e e e �1.173 .130 <.001*
CES-D x Moderate PA e e e .000 .0001 .985
Model 2
R2¼ .407
F (12,300)¼ 17.15, p< .001
Tamoxifen 2.608 1.829 .155 �3.446 2.824 .223
Moderate PA -.000 .001 .859 .001 .001 .667
Tamoxifen x Moderate PA .000 .001 .866 .002 .002 .171
CES-D e e e �1.159 .131 <.001*
CES-D x Total Moderate PA e e e .000 .000 .942
Model 3
R2¼ .404
F (12,300)¼ 16.97, p< .001
Anastrozole �1.639 1.979 .408 �4.215 3.047 .168
Moderate PA .000 .001 .906 .001 .001 .637
Anastrozole x Moderate PA -.000 .001 .749 .001 .002 .459
CES-D e e e �1.188 .131 <.001*
CES-D x Moderate PA e e e .000 .000 .693
Model 4
R2¼ .403
F (12,300)¼ 16.89, p< .001
Letrozole �1.208 2.079 .562 -.853 3.211 .791
Moderate PA -.000 .001 .679 .001 .001 .342
Letrozole x Moderate PA .001 .001 .445 .001 .002 .794
CES-D e e e �1.176 .132 <.001*
CES-D x Moderate PA e e e .000 .000 .806
Model 5
R2¼ .403
F (12,300)¼ 16.89, p< .001
Exemestane 2.141 2.768 .439 �3.116 4.272 .466
Moderate PA .000 .001 .602 .001 .001 .355
Exemestane x Moderate PA -.003 .002 .063 .000 .002 .866
CES-D e e e �1.179 .131 <.001*
CES-D x Moderate PA e e e .000 .000 .750

Values in bold are significant at p < .05; * indicates values which survived Bonferroni correction. Covariates also included in the model: years since diagnosis, stage of cancer at
diagnosis, ethnicity, and all other forms of treatment.
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significantly mediated tamoxifen's effects on cognitive function,
but only for those with moderate levels of MPA (PCI: �2.613, 95%
CI¼�5.033 to �0.354, PCA: �3.269, 95% CI¼�6.327 to �0.514).

VPA significantly moderated chemotherapy's direct effect on
cognitive function for those with moderate and high levels of VPA
(PCI: �4.495, p¼ .013; �6.894, p¼ .005, respectively; PCA: �6.740,
p¼ .003; �9.985, p¼ .001, respectively). For those who do not
engage in VPA, depression significantly mediated anastrozole's ef-
fect on cognitive impairment and ability (PCI: 3.618, 95%
CI¼ 0.895e6.516; PCA: 4.414, 95% CI¼ 0.938e7.828). As depression
increased in those who received anastrozole, cognitive function
decreased significantly, but only for those who did not engage in
VPA. There was no significant effect in the models for letrozole and
exemestane. For those who engage in moderate levels of VPA,
depression significantly mediated tamoxifen's effect on cognitive
impairment and ability (PCI: �2.970, 95% CI¼�5.994 to �0.079;
95% CI¼�2.765, �5.206 to �0.586; PCA: �3.472, 95% CI¼�6.457
to �0.669).
5. Discussion

This study examined the role of depression in mediating the
effects of breast cancer treatment on cognition as well as the role of
physical activity in moderating each of these effects. Given that
breast cancer survivors experience adverse effects from treatment,
such as depressive symptoms and cognitive dysfunction, it is
important to identify the process by which these effects occur.
Additionally, physical activity may alter these effects.

Our findings demonstrate the role of depressive symptoms on
cognitive function in breast cancer survivors, regardless of treat-
ment type. Impairments in cognition, specifically associated with
tamoxifen treatment were, in part, due to tamoxifen's significant
association with depressive symptoms. We also demonstrated that
chemotherapy's effect on depression varies depending on the level
of moderate and vigorous physical activity. To further understand
the association of depression and moderate physical activity, cli-
nicians should screen for depressive symptoms associated with
cognitive impairments in breast cancer survivors. Breast cancer
survivors who engaged in higher levels of moderate or vigorous
physical activity had significantly improved cognitive ability. While
moderate physical activity was effective at improving cognition in
those who did not receive chemotherapy, those who did showed
only minimal improvements in cognition with increasing levels of
moderate physical activity. The results of our study suggest that the
effects of chemotherapy on the brain may not be mitigated by
moderate levels of physical activity. Applying more targeted exer-
cise protocols may be necessary to show improvements in cogni-
tion and depressive symptoms in those who received



Table 6
Moderated mediation model of treatment effects on perceived cognitive impairment, moderated by total mets of vigorous physical activity.

CES-D PCI

Model 1
R2¼ .408
F (12,300)¼ 17.28, p< .001

Coefficient SE p Coefficient SE p

Chemotherapy 1.198 1.652 .469 �3.306 2.019 .131
Vigorous PA -.000 .001 .683 .001 .001 .419
Chemotherapy x Vigorous PA -.001 .001 .426 -.002 .002 .129
CES-D e e e -.973 .081 <.001*
CES-D x Vigorous PA e e e .000 .000 .168
Model 2
R2¼ .406
F (12,300)¼ 17.15, p< .001
Tamoxifen 3.032 1.468 .039 .119 1.809 .947
Vigorous PA -.001 .001 .195 .000 .001 .805
Tamoxifen x Vigorous PA .000 .001 .949 -.002 .002 .249
CES-D e e e -.979 .0801 <.001*
CES-D x Vigorous PA e e e .000 .000 .101
Model 3
R2¼ .407
F (12,300)¼ 17.14, p< .001
Anastrozole �3.757 1.512 .014* -.907 1.884 .631
Vigorous PA -.002 .001 .005* -.002 .002 .253
Anastrozole x Vigorous PA .003 .001 .022 .001 .001 .576
CES-D e e e -.963 .081 <.001*
CES-D x Vigorous PA e e e .000 .000 .128
Model 4
R2¼ .404
F (12,300)¼ 16.97, p< .001
Letrozole �1.081 1.705 .527 �1.469 2.094 .484
Vigorous PA -.001 .001 .045 -.000 .001 .738
Letrozole x Vigorous PA .002 .002 .300 .000 .002 .854
CES-D e e e -.969 .081 <.001*
CES-D x Vigorous PA e e e .000 .000 .162
Model 5
R2¼ .406
F (12,300)¼ 17.05, p< .001
Exemestane �1.593 2.198 .469 �1.089 2.689 .686
Vigorous PA -.001 .001 .112 -.000 .001 .960
Exemestane x Vigorous PA -.000 .001 .963 -.002 .002 .428
CES-D e e e -.968 .081 <.001*
CES-D x Vigorous PA e e e .000 .000 .171

Values in bold are significant at p < .05; * indicates values which survived Bonferroni correction. Covariates also included in themodel: years since diagnosis, stage of cancer at
diagnosis, ethnicity, and all other forms of treatment.
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chemotherapy.
Tamoxifen was associated with significantly higher depressive

symptoms in breast cancer survivors. Although these symptoms
were experienced in theweek prior to the assessment, prior studies
have found longitudinal changes in cognition and depressive
symptoms immediately following tamoxifen treatment [34].
Similar to the effects of chemotherapy, VPA improved depressive
symptoms, except in those who received anastrozole. Those who
received anastrozole and engaged in VPA showed only minimal
improvements in depressive symptoms. This fits with inconsistent
findings in the literature on whether aromatase inhibitors and/or
tamoxifen alter hippocampal function and connectivity to promote
depressive symptoms and cognitive dysfunction [35]. This effect,
however, was conditional on the level of physical activity. There-
fore, prior inconsistent findings may be due to variable levels of
physical activity between study groups. Across all models, higher
levels of depressive symptoms were associated with impaired
cognitive function. This indicates that breast cancer survivors may
need to engage in vigorous levels of physical activity in order to
improve depressive symptoms. This would in turn improve cogni-
tive function, which may lead to improvements in overall quality of
life for breast cancer survivors.

There were a few limitations in our study. In an effort to mea-
sure perceived cognitive function, the FACT-Cog was used.
Although this measure is self-reported and responses may be
biased, it has been well documented that perceived cognition in
breast cancer survivors can be accurately measured using the FACT-
Cog [25]. A second potential limitation was the use of the IPAQ to
measure physical activity. Though self-report responses may reflect
fluctuations in levels of physical activity over the past 7 days, the
IPAQ has previously been found to be a valid and reliable measure
of physical activity [27]. The third limitation is the use of the CES-D
to measure depressive symptoms. Similar to the above measures,
this self-report may reflect experiences of depressive symptoms
and not necessarily clinical criteria for depression. However,
depressive symptoms, not just depression, have been predictive of
negative outcomes for breast cancer survivors [36]. Another po-
tential limitation is that the models presented here did not control
for age of participants. This is due to overlap between recom-
mended anticancer treatments and age at diagnosis [29e32].
Therefore, future studies would benefit from testing pre- and post-
treatment neuropsychological function and stratifying participants
by different age groups. Additionally, some pathways did not
remain significant when a Bonferroni correction was applied to the
analyses. However, it is important to note that all moderated
mediation paths remained significant. Finally, while the near term
of self-report period allows for less inaccuracy in recollection of
information for those measures, long-term measurement of



Table 7
Moderated mediation model of treatment effects on perceived cognitive ability, moderated by total mets of vigorous physical activity.

CES-D PCA

Model 1
R2¼ .408
F (12,302)¼ 17.19, p< .001

Coefficient SE p Coefficient SE p

Chemotherapy 1.198 1.653 .469 �4.794 2.543 .060
Vigorous PA -.000 .001 .683 .002 .002 .181
Chemotherapy x Vigorous PA -.001 .001 .426 -.003 .002 .103
CES-D e e e �1.187 .101 <.001*
CES-D x Vigorous PA e e e .000 .000 .401
Model 2
R2¼ .403
F (12,300)¼ 16.87, p< .001
Tamoxifen 3.032 1.468 .039 -.508 2.283 .824
Vigorous PA -.000 .001 .195 .001 .002 .578
Tamoxifen x Vigorous PA .000 .001 .949 -.001 .002 .542
CES-D e e e �1.189 .102 <.001*
CES-D x Vigorous PA e e e .000 .000 .321
Model 3
R2¼ .405
F (12,300)¼ 16.99 p< .001
Anastrozole �3.757 1.512 .014* �1.070 2.374 .653
Vigorous PA -.002 .001 .005* .001 .002 .428
Anastrozole x Vigorous PA .003 .001 .022 -.002 .002 .257
CES-D e e e �1.175 .102 <.001*
CES-D x Vigorous PA e e e .000 .000 .323
Model 4
R2¼ .402
F (12,300)¼ 16.82, p< .001
Letrozole �1.081 1.705 .527 -.561 2.638 .832
Vigorous PA -.001 .001 .045 .000 .001 .747
Letrozole x Vigorous PA .002 .002 .300 -.000 .002 .953
CES-D e e e �1.182 .102 <.001*
CES-D x Vigorous PA e e e .000 .000 .379
Model 5
R2¼ .403
F (12,300)¼ 16.87, p< .001
Exemestane �1.593 2.198 .469 �1.688 3.390 .619
Vigorous PA -.001 .001 .112 .001 .001 .627
Exemestane x Vigorous PA -.000 .001 .963 -.002 .003 .537
CES-D e e e �1.181 .102 <.001*
CES-D x Vigorous PA e e e .000 .000 .399

Values in bold are significant at p < .05; * indicates values which survived Bonferroni correction. Covariates also included in the model: years since diagnosis, stage of cancer at
diagnosis, ethnicity, and all other forms of treatment.
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behaviors and symptoms would be useful in clarifying the direc-
tionality of the findings.

6. Conclusion

Future studies examining effects of chemotherapy on cognition
should evaluate and control for levels of depressive symptoms.
Additionally, further research should examine whether breast
cancer survivors undergoing an exercise intervention experience
beneficial changes in depressive symptoms and cognitive function
over time. The effects of treatment on cognition in breast cancer
survivors are partially explained by changes in depressive symp-
toms. However, these changes depend on the level of physical ac-
tivity that survivors engage in. Clinicians working with breast
cancer survivors post treatment should consider screening regu-
larly for depressive symptoms and encourage patients to meet
ACSM guidelines for moderate and vigorous physical activity.
Future research and clinical work should consider the role of
depressive symptoms and exercise in the trajectory of treatment
related cognitive impairment in breast cancer survivors.
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