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BACKGROUND Higher levels of physical activity are associated with a lower risk of cardiovascular disease in the

general population. Whether the same holds for women who underwent treatment for breast cancer is unclear.

OBJECTIVE The aim of this study was to evaluate the association between physical activity in a typical week in the past

12 months and cardiac dysfunction in breast cancer survivors.

METHODS We used data from a cohort of breast cancer survivors who were treated at ages 40 to 50 years (N ¼ 559).

The association between physical activity and global longitudinal strain (GLS) and left ventricular ejection fraction (LVEF)

was evaluated using both linear and modified Poisson regression analyses adjusted for relevant confounders.

RESULTS In total, 559 breast cancer survivors were included, with median age of 55.5 years and a median time since

treatment of 10.2 years. GLS was less favorable in inactive survivors (�17.1%) than in moderately inactive (�18.4%),

moderately active (�18.2%), and active survivors (�18.5%), with an adjusted significant difference for active versus

inactive survivors (b ¼ �1.31; 95% CI: �2.55 to �0.06)). Moderately active (n ¼ 57/130) and active survivors (n ¼ 87/

124) had significantly lower risks of abnormal GLS (defined as >�18%) compared with inactive survivors (n ¼ 17/26) (RR:

0.65 [95% CI: 0.45-0.94] and RR: 0.61 [95% CI: 0.43-0.87], respectively). LVEF, in normal ranges in all activity cate-

gories, was not associated with physical activity.

CONCLUSION In long-term breast cancer survivors, higher physical activity levels were associated with improved GLS

but not LVEF, with the relatively largest benefit for doing any activity versus none. This finding suggests that increasing

physical activity may contribute to cardiovascular health benefits, especially in inactive survivors. (J Am Coll Cardiol

CardioOnc 2022;-:-–-) © 2022 The Authors. Published by Elsevier on behalf of the American College of Cardiology

Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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T he population of breast cancer survi-
vors has grown substantially over
the last decades because of, among

other factors, improvements in early detec-
tion and anticancer regimens.1 Advances in
primary treatment and cures are expected
to further increase the number of breast can-
cer survivors. Consequently, adequate eval-
uation of long-term side effects of breast
cancer treatment is of increasing importance.

A significant, long-term side effect of
breast cancer treatment is cardiovascular
disease (CVD), which includes a variety of clinical
manifestations including declines in left ventricular
ejection fraction (LVEF).2 Breast cancer survivors
more than 7 years after treatment have an almost 2-
fold increased risk of CVD-related mortality
compared with age-matched women without cancer.3

Among patients with pre-existent CVD who survived
more than 5 years after treatment, cardiovascular
death has even replaced breast cancer–related death
as the leading cause of mortality.4 The risk of devel-
oping CVD depends on the type of breast cancer
treatment (and for anthracycline and radiotherapy,
cumulative dose) as well as patient-related factors.2,5

A linear relationship between the cumulative
anthracycline dose and cardiac dysfunction has
been demonstrated.6 Radiation exposure of the heart
may lead to an increased risk of coronary artery dis-
ease, valvular heart disease, and heart failure.2 As for
patient-related risk factors, women with an unfavor-
able cardiovascular risk profile (eg, elderly, presence
of hypertension, diabetes mellitus, and obesity) have
a higher risk of developing CVD.5 Accordingly, stra-
tegies that aim to reduce CVD risk should preferably
target both treatment- and patient-related factors.

Physical activity has been found to be associated
with lower CVD risk in noncancer populations.7

However, less evidence is available on whether
physical activity can also decrease CVD risk in cancer
patients and survivors given that CVD pathophysi-
ology may be different in this population due to
exposure to potential cardiotoxic treatment. Two
observational studies reported that in breast cancer
survivors with no prior history of CVD, higher levels
of leisure-time physical activity were associated with
a lower cumulative incidence of cardiovascular
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.
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clinical end points, including myocardial infarction
and heart failure, independent of the presence of
other cardiovascular risk factors.8,9 Cardiac dysfunc-
tion during and after cancer treatment is currently
considered a gradual phenomenon in which progres-
sive subclinical declines in parameters of cardiac
function (ie, global longitudinal strain [GLS] and
LVEF) can eventually lead to overt heart failure.10 The
association between physical activity and GLS and
LVEF in breast cancer survivors is currently un-
known. If such an association exists, this could
prompt further research and ultimately have impli-
cations regarding physical activity recommendations
for future breast cancer patients undergoing treat-
ment with cardiotoxic regimens.

This study aimed to evaluate the association be-
tween current levels of physical activity and cardiac
dysfunction in breast cancer survivors. We hypothe-
sized that higher physical activity levels are associ-
ated with more favorable values of GLS and LVEF.

METHODS

SETTING AND PARTICIPANTS. Data from the HAR-
BOR study (Identifying Subgroups With High Cardio-
vascular Risk in Breast Cancer Survivors) were used
for the current analysis. The study design and results
of this study have been published previously.6 In
brief, the HARBOR study was a cross-sectional
investigation of long-term cardiac dysfunction in
breast cancer survivors 5 to 7 or 10 to 12 years after
treatment. Patients were treated between 2002 and
2007 and 2008 and 2012 for invasive breast cancer
(TNM stage I-III) or ductal carcinoma in situ with or
without anthracyclines (n ¼ 306 [54.7%] and n ¼ 253
[45.3%], respectively) at 40 to 50 years of age in either
the Netherlands Cancer Institute/Antoni van Leeu-
wenhoek, Amsterdam, the Netherlands, or the Uni-
versity Medical Center Groningen (UMCG),
Groningen, the Netherlands. The exclusion criteria
were a history of radiotherapy or chemotherapy for
other malignancies and a history of CVD before breast
cancer diagnosis. A total of 569 women were enrolled
in this study. The HARBOR study is registered with
ClinicalTrials.gov (NCT02485626) and approved by
the institutional review board of the Netherlands
Cancer Institute/Antoni van Leeuwenhoek.
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

https://clinicaltrials.gov/ct2/results?cond=&amp;term=NCT02485626&amp;cntry=&amp;state=&amp;city=&amp;dist=
https://www.jacc.org/author-center


TABLE 1 Calculation of the Cambridge Physical Activity Index: A Cross-Tabulation of

Occupational Activities With Recreational Activities

Time Spent in Sports and Cycling (h/wk)

None #3.5 >3.5 to #7.0 >7.0

Sedentary Inactive Moderately inactive Moderately active Active

Standing Moderately inactive Moderately active Active Active

Manual Moderately inactive Active Active Active

Heavy manual Active Active Active Active

Unknown/missing Inactive Moderately inactive Moderately active Active
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CARDIOVASCULAR MEASUREMENTS. All women
underwent cardiovascular assessment, including
physical examination, blood and urine sampling, and
a 2-dimensional echocardiogram. Physical examina-
tion included blood pressure measurement and
evaluation of signs of heart failure (ie, pedal edema
and pulmonary congestion). Echocardiograms were
performed using the GE Vivid E9 machine and the
Philips iE33 (Philips Healthcare) in the UMCG and
Netherlands Cancer Institute, respectively. All echo-
cardiographic measurements were analyzed centrally
(UMCG). Consistent with current guidelines,11 left
ventricular (LV) volumes and ejection fraction were
assessed via Simpson’s biplane method on the apical
2- and 4-chamber views, and, in case of insufficient
imaging quality (n ¼ 89, 15.6%), a range was reported
based on visual inspection. GLS was measured using
apical 2-, 3-, and 4-chamber views with TomTec
software (TomTec Imaging Software Systems). The
imaging quality was insufficient for GLS analyses in
13.1% (n ¼ 74) of the participants. The interobserver
reliability (intraclass correlation coefficient) for the
GLS analyses was 0.70 (95% CI: 0.59-0.70) in a
random subset of 102 subjects.6

PHYSICAL ACTIVITY. All participants completed a
questionnaire that contained questions on physical
activity in the past 12 months, assessing both occu-
pational and leisure activities, based on questions
from the European Prospective Investigation into
Cancer and Nutrition physical activity questionnaire12

(Supplemental Material A). For occupational activ-
ities, participants reported their current employment
status and the intensity of the activities carried out at
work (ie, best described as “sedentary,” “standing,”
“manual,” or “heavy manual”). For recreational ac-
tivities, the total hours per week spent on walking,
cycling, sports, and gardening were recorded for
summer and winter separately to limit sea-
sonal influences.

To obtain a total physical activity score, we used
the validated Cambridge physical activity index.13 In
a cohort of 1,941 healthy individuals from 10 Euro-
pean countries, the Cambridge index correlated
strongest with physical activity energy expenditure
and time spent in moderate and vigorous physical
activity compared with other questionnaire-derived
physical activity indices.14 This categoric index,
including “inactive,” “moderately inactive,”
“moderately active,” and “active,” is derived by
cross-tabulating the level of occupational activities
with the combined hours per week spent on cycling
and sports activity (Table 1). In calculating this index,
all physical activity variables were scored as missing
if none of the questions were answered, with the
assumption being that these participants did not
complete the questionnaire. All other variables were
set to 0 if at least 1 question was completed, the
assumption being that these participants completed
the questionnaire but were not engaged in all activ-
ities.15 The maximum hours per week spent on any
given physical activity variable was set to 40 hours
per week, and summer and winter scores were aver-
aged to obtain an average score for the past year.

STATISTICAL ANALYSIS. Characteristics of the study
participants were computed per Cambridge category
and expressed as mean � SD, median (25th and 75th
percentiles [Q1-Q3]), or frequencies (percentages).
Linear regression models were used with the Cam-
bridge index as the independent variable and either
GLS or LVEF as the dependent variable and results
presented as the regression coefficient with 95% CI.
GLS and LVEF were also dichotomized into impaired
versus normal using clinically accepted cutoffs (ie,
GLS >�18%/#�18%16 and LVEF <53%/$53%17). The
association between physical activity and dichoto-
mized GLS or LVEF was investigated using modified
Poisson regression with robust standard errors
(sandwich estimator).18 Results are presented as
relative risk with 95% CI. We did not perform Poisson
regression with dichotomized LVEF because only 34
patients had LVEF <53%, of whom only 1 participant
was in the inactive reference group.

For sensitivity analyses, we repeated the analyses
after excluding patients whose (level of) occupational
activity data were missing (n ¼ 88, 15.7%). Also, an-
alyses were repeated with multiple imputations
(n ¼ 50) by a fully conditional specification for GLS
because missing data on this variable exceeded 10%
(MICE package, 202119). Lastly, given that both GLS
and LVEF are expressed as percentages bound be-
tween 0 and 100, we reanalyzed our data via a beta
regression model.20

All models were adjusted for age, body mass index
(BMI), radiotherapy (none vs right sided, left sided, or
internal mammary chain), time since diagnosis (5-7
years or 10-12 years after treatment), and the



TABLE 2 Characteristics of Participants According to Cambridge Physical Activity Index Category

Inactive
(n ¼ 28)

Moderately Inactive
(n ¼ 127)

Moderately Active
(n ¼ 154)

Active
(n ¼ 250)

Total
(N ¼ 559)

Age at diagnosis, y 46.8 (44.5-48.7) 46.4 (43.7-49.5) 46.3 (43.3-49.6) 47.1 (44.0-49.4) 46.9 (43.8-49.5)

Age at inclusion, y 55.2 (51.9-57.0) 56.0 (53.4-59.2) 55.1 (52.2-57.6) 55.4 (53.0-58.6) 55.5 (52.7-58.5)

Follow-up time, y 7.4 (6.9-11.1) 10.4 (6.8-11.6) 10.4 (6.9-11.6) 10.1 (6.7-11.6) 10.2 (6.8-11.6)

5-7 years 19 (67.9) 58 (45.7) 76 (49.4) 121 (48.4) 274 (49.0)

10-12 years 9 (32.1) 69 (54.3) 78 (50.6) 129 (51.6) 285 (51.0)

Cardiovascular risk factorsa

Hypertension 15 (53.6) 45 (35.4) 57 (37.5) 93 (37.2) 210 (37.7)

Hypercholesterolemia 9 (32.1) 43 (33.9) 45 (29.2) 79 (31.6) 176 (31.5)

Diabetes mellitus 4 (14.3) 8 (6.3) 9 (5.8) 17 (6.8) 38 ( 6.8)

Smoking

Never 12 (42.9) 47 (37.0) 65 (42.2) 99 (39.6) 223 (39.9)

Former 10 (35.7) 55 (43.3) 65 (42.2) 123 (49.2) 253 (45.3)

Current 6 (21.4) 24 (18.9) 23 (14.9) 28 (11.2) 81 (14.5)

Unknown 0 1 (0.8) 1 (0.6) 0 2 ( 0.4)

Body mass index, mg/m2 29.3 � 6.0 26.2 � 4.8 25.3 � 4.1 25.7� 4 25.9� 4.4

Anthracyclines 15 (53.6) 66(52.0) 88 (57.1) 137 (54.8) 306 (54.7)

Cumulative doxorubicin equivalent dose,b mg/m2 202.5 (191-243) 240.0 (203-242) 240.0 (203-300) 240.0 (203-300) 240.0 (203-293)

Radiotherapy field

Left sided 15 (53.6) 52 (40.9) 57 (37.0) 114 (45.6) 238 (42.6)

Right sided 9 (32.1) 61 (48.0) 79 (51.3) 107 (42.8) 256 (45.8)

IMNs 3 (10.7) 9 (7.1) 7 (4.5) 18 (7.2) 37 (6.6)

None 1 (3.6) 5 (3.9) 11 (7.1) 11 (4.4) 28 (5.0)

Trastuzumab 2 (7.1) 12 (9.4) 16 (10.4) 19 (7.6) 49 ( 8.8)

Values are presented as median (Q1-Q3), n (%), or mean � SD. aCardiovascular risk factors are defined as follows: hypertension ¼ having a blood pressure higher than
140 mm Hg (systolic) and 90 mm Hg (diastolic) or being treated with antihypertensive medication, hypercholesterolemia ¼ having total cholesterol $6.5 mmol/L or being
treated with statins, and diabetes mellitus ¼ glucose $6.5 mmol/L or being treated with glucose-lowering medication. bThese numbers are only applicable for those treated
with anthracyclines (n ¼ 306).

IMN ¼ internal mammary nodes.
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clinically documented cumulative dose of anthracy-
clines. The cumulative dose of epirubicin was trans-
lated into a doxorubicin-equivalent dose in a similar
manner to the original HARBOR analyses.6 In addi-
tion, we adjusted for the presence of CVD risk factors
at the time of the study visit (hypertension, hyper-
cholesterolemia, diabetes mellitus, smoking; none vs
1-2 or $3 risk factors) to the model. These risk factors
were defined as follows: hypertension as having a
blood pressure higher than 140 mm Hg (systolic)
and 90 mm Hg (diastolic) or being treated with anti-
hypertensive medication, hypercholesterolemia as
having a total cholesterol $6.5 mmol/L or being
treated with statins, and diabetes as having a
fasting glucose $6.5mmol/L or being treated with
glucose-lowering medication. Finally, we explored
whether the treatment with anthracyclines modified
the association between physical activity and
cardiac dysfunction by adding an interaction term to
the fully adjusted model. A P value <0.05 was
considered significant, and all analyses were per-
formed using R software (R version 4.0.3, The R Core
Team).
RESULTS

In total, 569 breast cancer survivors participated in
the HARBOR study, 10 (1.8%) of whom were excluded
from the current analysis because of the absence of
physical activity data. Characteristics of the study
population (N ¼ 559) are presented in Table 2. The
median (Q1-Q3) age at diagnosis and at the time of
study participation was 46.9 years (43.8-49.5 years)
and 55.5 years (52.7-58.5 years), respectively.

Using the Cambridge index, 28 participants (5.0%)
were classified as inactive, 127 (22.7%) as moderately
inactive, 154 (27.5%) as moderately active, and 250
(44.7%) as active at the time of the study visit. Most
breast cancer survivors reported a sedentary occu-
pation, with very few describing their occupational
activities as “manual” or “heavy manual.”

In the inactive category, the median (Q1-Q3) time
since diagnosis was 7.4 years (6.9-11.1 years), with
two-thirds of the survivors being between 5 to 7 years
postdiagnosis. In the 3 other categories, the median
time since diagnosis was more than 10 years. Car-
diovascular risk factors were relatively common,



TABLE 3 Association Between the Cambridge Index and Cardiac Function

Inactive
(n ¼ 28)

Moderately Inactive
(n ¼ 127)

Moderately Active
(n ¼ 154)

Active
(n ¼ 250)

GLS (%)a

Mean GLS (%) �17.1 � 2.31 �18.4 � 3.40 �18.2 � 2.55 �18.5 � 3.14

Unadjusted b (95% CI) Ref �1.31 (�2.59 to �0.02)b �1.12 (�2.39 to 0.15) �1.47 (�2.70 to �0.24)b

Partially adjusted b (95% CI)c Ref �1.14 (�2.43 to 0.15) �0.87 (�2.16 to 0.42) �1.29 (�2.54 to �0.05)b

Fully adjusted b (95% CI)d Ref �1.12 (�2.41 to 0.17) �0.92 (�2.21 to 0.38) �1.31 (�2.55 to �0.06)b

GLS (>-18%)a

n/N at risk (%) 17/26 (65.4) 54/115 (47.0) 57/130 (43.8) 87/214 (40.7)

Unadjusted RR (95% CI) Ref 0.72 (0.51-1.01) 0.67 (0.48-0.94)b 0.62 (0.45-0.86)b

Partially adjusted RR (95% CI)a Ref 0.72 (0.50-1.03) 0.68 (0.47-0.98)b 0.61 (0.43-0.88)b

Fully adjusted RR (95% CI)a Ref 0.71 (0.50-1.02) 0.65 (0.45-0.94)b 0.61 (0.43-0.87)b

LVEF (%)

Mean LVEF (%) 58.7 � 4.61 59.2 � 3.97 58.9 � 4.48 59.1 � 5.00

Unadjusted b (95% CI) Ref 0.49 (�1.40 to 2.38) 0.25 (�1.61 to 2.11) 0.40 (�1.40 to 2.21)

Partially adjusted b (95% CI)a Ref 0.37 (�1.55 to 2.28) 0.28 (�1.62 to 2.18) 0.39 (�1.44 to 2.23)

Fully adjusted b (95% CI)a Ref 0.27 (�1.64 to 2.18) 0.20 (�1.70 to 2.09) 0.35 (�1.48 to 2.18)

LVEF (<53%)

n/N at risk (%) 1/27 (3.6) 5/127 (3.9) 10/163 (6.5) 18/249 (7.2)

Values are mean � SD or n/N unless otherwise indicated. aGLS data were not available for n ¼ 74 (13.2%). bThese findings correspond with a P value <0.05. cAdjusted for age,
body mass index, radiotherapy field, and cumulative doxorubicin (equivalent) dose. dAdditionally adjusted for the presence of cardiovascular risk factors (hypertension, hy-
percholesterolemia, diabetes mellitus, and smoking).

GLS ¼ global longitudinal strain; LVEF ¼ left ventricular ejection fraction.
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especially in inactive survivors. For example, hyper-
tension was prevalent in 53.6% (n ¼ 15/28), 35.4%
(n ¼ 45/127), 37.5% (n ¼ 57/154), and 37.2% (n ¼ 93/
250) in participants in the inactive, moderately inac-
tive, moderately active, and active categories,
respectively.

Approximately half of the survivors were treated
with anthracycline-based chemotherapy regimens in
all activity categories. The median (Q1-Q3) cumula-
tive doxorubicin (equivalent) dose was 202 mg/m2

(191-243 mg/m2) (inactive category), 240 mg/m2 (203-
242 mg/m2) (moderately inactive category), and
240 mg/m2 (203-300 mg/m2) (both moderately active
and active category). The vast majority (>90%) of the
participants received breast/chest wall irradiation.
Relatively few participants received additional treat-
ment with the potentially cardiotoxic anti-HER2 drug
trastuzumab (n ¼ 2 [7.1%], n ¼ 12 [9.4%], n ¼ 16
[10.4%], and n ¼ 19 [7.6%] for survivors in the inac-
tive, moderately inactive, moderately active, and
active category, respectively).

ASSOCIATION BETWEEN PHYSICAL ACTIVITY AND

CARDIAC DYSFUNCTION. GLS was least favorable
(�17.1%) in inactive survivors and improved in
moderately inactive (�18.4%), moderately active
(�18.2%), and active survivors (�18.5%) (Table 3).
Corresponding adjusted b coefficients, compared
with inactive survivors, were �1.12 (95% CI: �2.41 to
0.17), �0.92 (95% CI: �2.21 to 0.38), and �1.31 (95%
CI: �2.55 to �0.06), respectively. Similarly, higher
physical activity was associated with a lower risk of
impaired GLS for moderately inactive (RR: 0.71; 95%
CI: 0.50-1.02), moderately active (RR: 0.65; 95% CI:
0.45-0.94), and most active (RR: 0.61; 95% CI: 0.43-
0.87) compared with inactive survivors
(Central Illustration).

For LVEF, mean values did not differ and were
within normal ranges in all 4 physical activity cate-
gories. Compared with inactive survivors, adjusted b

coefficients for moderately inactive, moderately
active, and active were 0.27 (95% CI: �1.64 to 2.18),
0.20 (95% CI: �1.70 to 2.09), and 0.35 (95% CI: �1.48
to 2.18), respectively. All interaction terms were
nonsignificant (P > 0.10).

All sensitivity analyses (ie, exclusion of partici-
pants for whom [levels of] occupational activities
were not recorded [n ¼ 88, 15.7%]) using imputed
data for GLS (missing in n ¼ 74, 13.2%) and the use of
a beta regression model for continuous outcomes
yielded comparable results and did not change the
conclusions (data not shown).

DISCUSSION

In this cross-sectional study of breast cancer survi-
vors, we found that higher levels of self-reported
physical activity were associated with
more favorable GLS values but not with LVEF. This
was after accounting for treatment-related risk
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factors (ie, cumulative dosages of anthracyclines and
thoracic irradiation) as well as patient-related risk
factors (ie, age, BMI, and cardiovascular risk factors).
Considering that subclinical cardiac dysfunction (ie,
impaired GLS) may precede adverse cardiovascular
events, these results suggest that efforts to
increase physical activity levels by, for example, of-
fering a physical activity program may contribute to
reducing cardiovascular morbidity in breast cancer
survivors.

Previous studies have extensively documented the
association between physical activity and CVD risk in
noncancer populations.7 Increased physical activity
has been linked to a lower incidence of various CVDs,
including coronary artery disease and heart failure.
Conversely, having a largely sedentary lifestyle, re-
flected by low levels of physical activity, is hypoth-
esized to be a main predisposing factor for the
development and progression of CVD.21 A meta-
analysis of 38 prospective cohort studies (including
approximately 271,000 participants) and an individ-
ual patient data meta-analysis (8 studies, N ¼ 36,383)
both described a nonlinear dose-response relation-
ship between higher self-reported leisure physical
activities and a lower risk of all-cause mortality over
a follow-up period with a median of 12 years (range:
4-40 years) and 5.8 years (range: 3-15 years), respec-
tively.22,23 Both studies reported that the most sub-
stantial reduction of risk was observed among
moderately inactive patients compared with those
who are not active, with relatively little additional
risk reduction for the more active categories.22,23 For
cancer patients and survivors, less evidence on the
relationship between physical activity and CVD is
available. The pathogenesis of CVD in this population
is likely different given that patients might be treated
with cardiotoxic regimens. Anthracyclines may
inhibit topoisomerase IIb, thereby causing double-
strand DNA breaks, which eventually may lead to
irreversible loss of functional cardiomyocytes and
fibrosis.24 Pathogenesis of radiation-induced coro-
nary artery disease is presumably a multifactorial
process with key roles for endothelial injury and
inflammation.25 As a result, cancer patients may
present with CVD, sometimes even in the absence of
traditional cardiovascular risk factors. Therefore,
evidence of physical activity–based interventions on
noncancer populations may not necessarily gener-
alize to cancer patients and survivors. Two previous
studies among breast cancer survivors demonstrated
that leisure-time physical activity after treatment
was associated with a graded decrease of CVD.8,9 Our
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observation of a reduction in subclinical cardiac
dysfunction (GLS) with increased physical activity is
in line with these studies. The reduction was most
apparent for inactive versus noninactive survivors,
and differences in the magnitude of the association
were relatively small among breast cancer survivors
categorized as moderately inactive, moderately
active, or active. Similarly, we also observed a higher
burden of cardiovascular risk factors among inactive
patients. These findings must be interpreted with
caution given the small numbers in the inactive
category. However, our data support the proposition
that even a relatively modest increase in daily phys-
ical activity may be valuable.

We observed a significant association between
physical activity and subclinical cardiac dysfunction
(ie, impaired GLS) but not LVEF. GLS abnormalities
were common (44%). In contrast, LVEF was within the
normal range in nearly all patients (94%), which may
have resulted in the lack of association between
abnormal LVEF and physical activity. The higher
prevalence of impaired GLS compared with decreased
LVEF may be explained by the prevailing hypothesis
that considers cancer therapy–related cardiac
dysfunction as a continuous phenomenon in which
GLS is thought to be an earlier marker of cardiotoxicity
than decreased LVEF.10 Previous studies have shown
that abnormalities in GLS can be detected during or
shortly after the course of cancer therapy.26-28 On the
other hand, a decline in LVEF is proposed as a “late”
parameter of cardiotoxicity, occurring after cardiac
compensatory mechanisms fail. An exception to this is
a decline in LVEF during trastuzumab treatment,
which occurs in approximately 10% of all patients and
is mostly reversible upon cessation of treatment.29,30

In contrast to GLS, LVEF is a volume-derived index
that is, on echocardiography, indirectly measured
from estimations of LV volumes in systole and at the
end of diastole.31 Therefore, LVEF is highly dependent
on the pre- and afterload.32 As such, LVEF is not only a
parameter of myocardial contractility but also of LV
remodeling. On the other hand, GLS tracks the
myocardium directly and quantifies changes in longi-
tudinal lengthening per cardiac segment throughout
the cardiac cycle.31 As a result, althoughGLS is still load
dependent, it is less so and may be more suitable to
detect regional myocardial changes, including tissue
composition (eg, interstitial fibrosis),33 compared with
LVEF. GLS may be a better parameter for the assess-
ment of cardiac function. This is further supported by
evidence from studies demonstrating that GLS is a
better predictor of all-cause mortality than LVEF.34,35

Nevertheless, because the first trial among cancer pa-
tients undergoing anthracycline-based chemotherapy
(N ¼ 307) failed to demonstrate the benefit of the GLS-
guided versus LVEF-guided approach for car-
dioprotection,36 future studies are needed to docu-
ment the prognostic value of GLS in cancer patients in
terms of clinical outcomes.

Given the cross-sectional design of our study, we
cannot establish the direction of the association
observed with certainty. It is theoretically possible
that impaired cardiac function has led to lower
physical activity levels (reverse causation). None-
theless, we speculate that the opposite (ie, higher
levels of physical activity have led to less cardiac
dysfunction) is more likely to underlie the association
observed.37,38 First, from a biological standpoint, a
protective effect of physical activity on subclinical
cardiac dysfunction is plausible given that preclinical
studies describe various pathways via which physical
exercise can yield cardioprotection during and after
treatment, including less chemotherapy accumula-
tion in the myocardium following physical exercise.39

Second, it seems less likely that subclinical cardiac
dysfunction results in lower physical activity levels
because patients are unlikely to experience symp-
toms solely from impaired GLS with LVEF in normal
ranges. Third, the observed effect of physical activity
on cardiac dysfunction is consistent with previous
evidence from randomized studies in noncancer
populations, documenting beneficial effects of phys-
ical exercise on cardiac function, including LVEF.40,41

The limited evidence from studies in cancer patients
also points toward the hypothesis of exercise-
mediated cardioprotection, although no clear,
consistent benefit has been demonstrated thus far on
LVEF or GLS.42-45 Finally, analyses were adjusted for
relevant confounders, including cardiovascular risk
factors.
STUDY LIMITATIONS. Important strengths of our
study include the use of 2 valid markers of cardiac
dysfunction, the large study population, and the
availability of accurate data on potential con-
founders. However, several limitations should also be
considered when interpreting our results. First, not
all types of physical activity were recorded in the
questionnaire, including light to moderate activities.
Hence, we were unable to calculate the total energy
expenditure per day. However, the Cambridge index
is a validated index that compared with other Euro-
pean Prospective Investigation into Cancer and
Nutrition–derived indices has the highest correlation
with objectively measured physical activity.14 Sec-
ond, physical activities were self-reported and
therefore vulnerable to misclassification. This would,
on average, most likely have led to over-reporting of
the amount of physical activity. Although GLS was
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unknown to the participants and very few partici-
pants had cardiovascular symptoms,6 misclassifica-
tion of the physical activity category could have
underestimated our association because those with
an inactive lifestyle would be more likely to over-
report their activities. Third, additional subgroup
analyses (ie, in patients treated with anthracyclines
and with and without trastuzumab) were deemed
inappropriate because only a small number of pa-
tients received sequential treatment with trastuzu-
mab (n ¼ 46/316). Lastly, GLS was missing in 74
(13.2%) women. This was unrelated to physical ac-
tivity (data not shown), but participants with missing
GLS were more likely to have been treated with
higher cumulative doxorubicin (equivalent) dosages
(150.8 vs 121.5 mg/m2, P ¼ 0.82) and had a higher
mean BMI (26.9 vs 25.7 kg/m2, P ¼ 0.037). This may
have led to underestimating the association between
physical activity level and GLS, although multiple
imputations did not result in any relevant difference
in our inferences.

CONCLUSIONS

In conclusion, we found that higher physical
activity levels are associated with less cardiac
dysfunction as quantified by GLS but not LVEF in-
dependent of cardiovascular risk factors and poten-
tial cardiotoxic breast cancer treatment. A relatively
large risk reduction was observed for moderately
inactive survivors compared with inactive breast
cancer survivors. This suggests that physical activity
programs may contribute to reducing cardiovascular
morbidity in breast cancer survivors, particularly
among those who are physically inactive. Future,
prospective randomized studies are needed to
determine whether cardiac dysfunction following
breast cancer treatment can be reduced by physical
activity programs.
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