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ABSTRACT
ISS
BACKGROUND Cancer treatment increases cardiovascular disease risk, but physical activity (PA) may prevent

cardiovascular disease.

OBJECTIVES This study examined whether greater PA was associated with better submaximal exercise capacity and

cardiac function during cancer therapy.

METHODS Participants included 223 women with stage I to III breast cancer (BC) before and 3 months after undergoing

treatment and 126 control participants. Leisure-time PA (LTPA) was reported using the Godin-Shephard LTPA

questionnaire. Cardiac function was assessed by cardiac magnetic resonance. Submaximal exercise capacity was

determined by 6-minute walk distance.

RESULTS BC participants reported similar baseline LTPA scores (24.7; 95% CI: 21.7-28.0) as control participants (29.4;

95% CI: 25.0-34.2). The BC group declined to 16.9 (95% CI: 14.4-19.6) at 3 months relative to 30.8 (95% CI: 26.2-35.8)

in control participants. Among BC participants, more LTPA was related to better exercise capacity (b � SE: 7.1 � 1.6; 95%

CI: 4.0-10.1) and left ventricular (LV) circumferential strain (�0.16 � 0.07; 95% CI: �0.29 to �0.02). Increased LTPA

over the 3 months was associated with decreased likelihood of treatment-induced cardiac dysfunction according to LV

circumferential strain classifications (OR: 0.98; 95% CI: 0.97-0.998). BC participants reporting insufficient LTPA ac-

cording to PA guidelines exhibited deteriorations in exercise capacity (adjusted mean difference � SE: �29 � 10 m;

P ¼ 0.029), LV end-systolic volume (5.8 � 1.3 mL; P < 0.001), LV ejection fraction (�3.2% � 0.8%; P ¼ 0.002), and LV

circumferential strain (2.5% � 0.5%; P < 0.001), but BC participants meeting LTPA guidelines did not exhibit these

adverse changes.

CONCLUSIONS PA declined during BC therapy; however, PA participation was associated with attenuated declines in

exercise capacity and cardiac function that are often observed in this population. (Understanding and Predicting Breast

Cancer Events After Treatment [WF97415 UPBEAT]; NCT02791581) (J Am Coll Cardiol CardioOnc 2023;5:641–652)
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ABBR EV I A T I ON S

AND ACRONYMS

6MWD = 6-minute walk

distance

anthra-bC = anthracycline-

based chemotherapy

BC = breast cancer

BMI = body mass index

CMR = cardiovascular magnetic

resonance

CV = cardiovascular

CTRCD = cancer therapy–

related cardiac dysfunction

LTPA = leisure time physical

activity

LV = left ventricular

LVEDV = left ventricular

end-diastolic volume

LVEF = left ventricular

ejection fraction

LVESV = end-systolic volume

PA = physical activity
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S ubstantial advancements in detection
and treatment for women diagnosed
with breast cancer (BC) have improved

5-year cancer-related survival to 90%.1 How-
ever, commonly used BC therapies, such as
anthracycline-based chemotherapy (anthra-
bC) and chest radiotherapy, have cardiotoxic
side effects including injury to cardiac myo-
cytes and other cells, increased oxidative
stress, and reductions in left ventricular
(LV) ejection fraction (LVEF), thereby accel-
erating the risk for cardiovascular (CV)
disease.2-5 CV events are now a leading cause
of morbidity and mortality among women
diagnosed with stage I to III BC.6,7 The
improved survival rates of BC and growing
number of BC survivors at increased risk of
CV dysfunction has motivated the investiga-
tion of factors associated with the onset and
progression of CV complications to inform
intervention strategies for reducing CV
events.
Engaging in regular physical activity (PA) partici-
pation may protect against CV complications in can-
cer populations. Strong evidence in noncancer
populations demonstrates higher PA levels are
associated with a lower CV disease risk and cancer
incidence.8,9 In women with BC, higher levels of self-
reported PA before, during, and after completing
treatment are related to lower cancer and CV mor-
tality risk.10 There is a need to investigate whether
the cardioprotective benefits of PA may impact the
onset and progression of CV complications in BC
populations.

Often-observed decreases in exercise capacity and
cardiac function in women treated for BC may be key
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factors contributing to increased CV disease risk.2,11-13

Although evidence suggests PA participation may
improve exercise capacity and cardiac function,14 the
few studies investigating these factors in cancer
populations primarily take place after completion of
cancer therapy and do not distinguish PA intensity
level.15,16 One study reported modest, nonsignificant
associations between higher self-reported PA and
attenuated reductions of LVEF in women after
completing BC therapy.16 In a 5-year prospective
study, more physically active women had fewer
symptoms of heart failure than physically inactive
women following anthra-bC.15 Preclinical work also
demonstrates cardioprotective benefits of exercise in
BC models.11 It is hypothesized that PA participation
may protect against CV complications. However, to
better inform intervention efforts, there is a need to
define longitudinal relationships between PA, exer-
cise capacity, and cardiac function during BC treat-
ment, and whether total activity or activity intensity
are associated with these measures.

The primary aims of this study were to describe
self-reported PA levels among noncancer control
participants and women with BC at baseline and after
3 months of therapy, and determine whether these
changes among women with BC were associated with
submaximal exercise capacity and measures of car-
diac function.

METHODS

POPULATION. Women enrolled in the UPBEAT (Un-
derstanding and Predicting Fatigue, Cardiovascular
Decline, and Events After Breast Cancer;
NCT02791581 study were included in this secondary
analysis. UPBEAT is a multicenter prospective cohort
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of women diagnosed with stage I to III BC and is
conducted through the Wake Forest National Cancer
Institute Community Oncology Research Program
(NCORP) Research Base under an National Cancer
Institute CIRB-approved protocol. Study design and
eligibility criteria were described previously.17

Briefly, inclusion criteria for both groups were $18
years old with independent ambulatory status. All
eligible women with BC could identify family or
friends as noncancer participants. Additional BC
group inclusion criteria were a diagnosis of stage I to
III BC, scheduled to receive cancer treatment, and an
Eastern Cooperative Oncology Group performance
status between 0 and 2. Exclusion criteria included
contraindications for undergoing cardiovascular
magnetic resonance (CMR) imaging, an LVEF <50% if
previously assessed, current pregnancy or lactation,
or uncontrolled metabolic or CV diseases. Women in
the control group had no history of cancer, breast
surgery, or chemotherapy. The current study includes
data from baseline visits conducted before initiation
of therapy and 3-month follow-up data.

CLINICAL DATA COLLECTION. BC stage was deter-
mined according to the 8th edition of the American
Joint Committee on Cancer Staging Manual,18 and
medical treatment data were retrieved from patients’
medical records. Participant medical history was
ascertained by medical chart review to document
diagnosis of type 2 diabetes, hypertension, hyperlip-
idemia, and coronary artery disease.

PHYSICAL ACTIVITY ASSESSMENT. The Godin-
Shephard Leisure-Time Physical Activity Question-
naire assessed self-reported leisure-time PA (LTPA)
participation.19,20 Ascertained measures included a
continuous measure of total weekly LTPA (leisure
score index units), and activity groups where partic-
ipants were categorized as active (ie, meeting LTPA
moderate-strenuous recommendations), moderately
active, or insufficiently active. See the Supplemental
Appendix for further details.

SUBMAXIMAL EXERCISE CAPACITY ASSESSMENT.

Participants’ submaximal exercise capacity was
determined by completing a 6-minute walk test ac-
cording to established guidelines21 and measuring the
6-minute walk distance (6MWD). The assessment was
conducted on an indoor track or open corridor with
no obstructions, and participants were instructed to
cover as much distance as they could within six mi-
nutes at their own pace. All tests were directly
observed by a trained study coordinator and dis-
tances recorded in meters.
ASSESSMENT OF CARDIAC FUNCTION. The primary
measures of cardiac function included LVEF (%), LV
end-systolic volume (LVESV, mL), LV end-diastolic
volume (LVEDV, mL), and LV mean myocardial
circumferential strain (LV circumferential strain, %).
All participants underwent baseline assessments, but
3-month measures were assessed only in women with
BC because no changes are expected for cardiac
function within 3 months in healthy individuals
without intervention. Participants underwent a non-
contrast 10- to 15-minute rapid CMR examination
following previously published methods.22-25 The
typical protocol settings for the real-time cardiac-
triggered cine stacks included a 128 � 102 matrix, a
40 � 32-cm field of view, minimized echo time,
maximized flip angle (45� to 70�), 8-mm slice thick-
ness with 2-mm slice gap, 45-ms repetition time, and
22-ms temporal resolution. Each CMR assessment was
analyzed in a core laboratory by CMR analysts blinded
to patient identifiers, exam number, and prior exams.
Previous work has demonstrated the high accuracy
and reproducibility of CMR evaluations.23,26,27

Participants were categorized as having cancer
therapy–related cardiac dysfunction (CTRCD) if they
exhibited a decline in LVEF from baseline to 3 months
of at least 10 percentage points to an LVEF below
50%.28 In addition, study participants were catego-
rized as having subclinical LV dysfunction if they
exhibited a 15% increase in LV circumferential strain
over the study period.29

STATISTICAL ANALYSES. Baseline characteristics
are presented as mean � SD for continuous variables
or count (%) for categorical variables. The primary
measures of leisure score index (ie, total weekly
LTPA), exercise capacity, and cardiac function were
modeled as continuous outcomes. The square root
transformation of leisure score index was used to
account for a non-normal distribution. LTPA was also
categorized as active, moderately active, or insuffi-
ciently active.19 To estimate total weekly LTPA at
study timepoints, a longitudinal linear mixed model
was used with leisure score index as the outcome.
Cancer status (BC vs healthy control), age, body mass
index (BMI), and visit were included as main effects,
and an interaction term between cancer status and
visit tested for a difference in change over time be-
tween groups. A patient-level random effect was also
included in the model. Differences in proportions of
activity groups by visit were examined by chi-square
tests. Effect size (d) was calculated to determine the
magnitude of differences between groups at 3 months

https://doi.org/10.1016/j.jaccao.2022.12.011
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TABLE 1 Baseline Demographic and Clinical Characteristics

Breast Cancer
(n ¼ 223)

Control
(n ¼ 126) P Value

Age at baseline, y 55.6 � 10.9 50.6 � 14.1 <0.001

Race 0.73

White 172 (77) 101 (80)

Black 38 (17) 18 (14)

Other, Asian, Native Hawaiian, or
not reported

13 (6) 7 (6)

Ethnicity 0.80

Hispanic or LatinX 2 (1) 2 (2)

Stage at breast cancer diagnosis

I 85 (38)

II 115 (52)

III 23 (10)

Anthracyclines 109 (49)

Body mass index, kg/m2 29.4 � 6.2 28.4 � 6.8 0.19

History of hypertension 61 (31) 18 (21) 0.13

History of hyperlipidemia 66 (33) 27 (31) 0.57

History of coronary artery disease 1 (1) 1 (1) 0.67

History of diabetes 16 (8) 5 (6) 0.63

Values are the mean � SD or n (%).

Medical history included 199 participants in the breast cancer group and 88 participants in the
control group.
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using Cohen’s method following adjustment for age
and BMI.

Separate longitudinal linear mixed-effects models
were used to examine relationships between LTPA at
baseline and 3 months with measures of CV health
(6MWD) and cardiac size and function (LVESV,
LVEDV, LVEF, and LV circumferential strain) among
BC participants over the same time period. For each
model, cancer stage, age, BMI, anthra-bC receipt (yes/
no), and visit were included as main effects with a
patient-level random effect. Interaction terms be-
tween total LTPA and activity groups with visit tested
if change in LTPA measures over time was related to
CV health outcomes. Interaction terms between can-
cer stage and visit, and anthracycline treatment and
visit were also tested. Model results are presented as
b estimate � SE and 95% CI in the Results text and
tables. For activity group analyses, post hoc contrasts
tested for mean differences between the activity
groups. Lastly, multiple logistic regression was used
to test whether change in LTPA was associated with
CTRCD/subclinical LV dysfunction, adjusting for age,
BMI, cancer stage, anthracycline treatment, and
baseline LV circumferential strain in corresponding
analyses. Logistic regression results were reported as
OR (95% CI). Statistical significance for main effects
was based on a significance level of 0.05, and inter-
action effects were deemed significant and left in the
model at 0.10. Analyses were conducted in JMP Pro 15
(SAS Institute).

RESULTS

BC participants had a higher average age than control
participants (P < 0.001) (Table 1). Race/ethnicity be-
tween groups was similar (P ¼ 0.80) with White
women constituting most of the cohort for the BC
(77%) and control groups (80%). The average BMI for
both groups was within the overweight category.
Most women with BC were diagnosed with stage II BC
(n ¼ 115, 52%). Of 223 women in the BC group, 109
(49%) received anthra-bC. There were no differences
between groups in the prevalence of any chronic co-
morbid conditions (all P > 0.05).

COMPARISONS OF BASELINE AND 3-MONTH LTPA

BETWEEN BC AND CONTROL GROUPS. LTPA levels
at baseline and 3-month data are shown in Figure 1.
There was a statistically significant change in total
LTPA over time by study group (b estimate � SE:
0.25 � 0.10; 95% CI: 0.12-0.39). At baseline, the BC
and control groups reported similar total LTPA scores
(24.7 � 0.03 vs 29.4 � 0.05; P ¼ 0.16), but total LTPA
scores declined to 16.9 � 0.03 in the BC group vs 30.9
� 0.05 in control participants at 3 months (P < 0.001;
d [ 0.53). BC participants reported similar levels of
moderate activity at baseline compared to control
participants (12.2 � 0.7 vs 14.1 � 1.0), but 3-month
levels declined to 8.9 � 0.8 (d [ 0.47). BC partici-
pants reported lower strenuous LTPA levels at base-
line than control participants (6.9 � 0.9 vs 10.7 � 1.1),
and levels decreased by 3 months (4.0 � 0.9 vs 12.5 �
1.2; P < 0.001; d [ 0.69). Control participants re-
ported similar levels of all activity intensities at
baseline and 3 months (all P > 0.05).

Participants were also grouped as active, moder-
ately active, and insufficiently active. Between BC
and control participants, the proportion of women in
each activity category differed at baseline (P ¼ 0.017;
d [ 0.22) and 3 months (P < 0.001; d [ 0.76). At
baseline among BC participants, 76 (34%) were active,
50 (22%) moderately active, and 97 (44%) insuffi-
ciently active. Among control participants, 61 (48%)
were active, 17 (25%) moderately active, and 48 (38%)
insufficiently active. By 3 months in the BC group, the
proportion of women in each activity group changed
(P ¼ 0.002) with 49 (22%) considered active, 40 (18%)
moderately active, and 134 (60%) insufficiently active
compared with 66 (52%) active, 26 (21%) moderately
active, and 34 (27%) insufficiently active in the con-
trol group.



FIGURE 1 LTPA Levels at Baseline and 3 Months

(A) The total weekly leisure time physical activity (LTPA), measured as the leisure score index (LSI), comparing control participants and breast

cancer (BC). (B) Weekly LTPA separated by intensity (mild, moderate, strenuous) comparing control participants and BC participants. BC

participants experienced a decline in LTPA at 3 months compared with baseline, specifically moderate-strenuous intensity levels, and

compared with control participants with lower baseline strenuous-intensity LTPA in the BC group. Blue bars ¼ baseline; red bars ¼ 3 months.

This indicates BC participants experienced reductions in LTPA at 3 months into treatment compared with control participants primarily due

to moderate-strenuous LTPA declines. *P < 0.05; **P < 0.01; and ***P < 0.001. ns ¼ non-significant.
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ASSOCIATIONS BETWEEN LTPA AND SUBMAXIMAL

EXERCISE CAPACITY IN BC PARTICIPANTS. Fully
adjusted means and 95% CI of exercise capacity are
shown in Table 2 at baseline and 3 months into
treatment, with results of the mixed-effects models in
Table 3. Exercise capacity declined over the study
period from 473 m (459-486 m) at baseline to 454 m
(441-468 m) at 3 months. The interaction term be-
tween total weekly LTPA and study visit was not
significant (P > 0.10) and was removed from the



TABLE 2 Exercise Capacity and Cardiac Function Measures at Baseline and

3 Months in Breast Cancer Participants

Baseline
(n ¼ 223)

3 Months
(n ¼ 223)

Exercise capacity, m 473 (459 to 486) 454 (441 to 468)

LV end-diastolic volume, mL 120.7 (117.1 to 124.3) 125.1 (121.4 to 128.8)

LV end-systolic volume, mL 47.3 (45.2 to 49.3) 52.5 (50.4 to 54.7)

LV ejection fraction, % 61.0 (59.9 to 62.1) 58.2 (57.1 to 59.3)

LV circumferential strain, % �20.1 (�20.8 to �19.4) �17.8 (�18.5 to �17.1)

Values are the mean (95% CI) according to the fully adjusted models presented in Table 3.

LV ¼ left ventricular.
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model. Greater total weekly LTPA levels were asso-
ciated with higher submaximal exercise capacity (7.1
� 1.6 m; 95% CI: 4.0-10.1 m).

Submaximal exercise capacity for each BC LTPA
group is presented in Figure 2 with group mean dif-
ferences (�SE) from baseline to 3 months shown in
Table 4. The active group exhibited a higher exercise
capacity relative to the insufficiently active group at
3 months. The insufficiently active group was the
TABLE 3 Total LTPA (Baseline to 3 Months) Related to Cardiovascula

Exercise Capacity, m

3-mo visit L9.1 ± 3.5 (L16 to L2.2)

Stage III BC 14.3 � 10.1 (�5.6 to 34.2)

Stage II BC �8.8 � 7.0 (�22.7 to 5.0)

3-mo visit * stage III BC �5.5 � 6.0 (�17.3 to 6.4)

3-mo visit * stage II BC �7.3 � 4.1 (�15.4 to 0.8)

Age, y L2.3 ± 0.4 (L3.2 to L1.5)

Body mass index, kg/m2 L3.9 ± 0.7 (L5.3 to L2.4)

Total LTPAa 7.1 ± 1.6 (4.0 to 10.1)

Total LTPAa * 3-mo visit —

Anthracycline �0.02 � 5.1 (�10.0 to 10.0)

Anthracycline * 3-mo visit —

LV Ejection Fract

3-mo visit L1.4 ± 0.3 (L2.0 t

Stage III BC 0.4 � 0.8 (�1.2 t

Stage II BC �0.2 � 0.6 (�1.3

3-mo visit * Stage III BC �1.0 � 0.5 (�2.0

3-mo visit * Stage II BC �0.3 � 0.4 (�1.0

Age, y 0.1 ± 0.04 (0.1 t

Body mass index, kg/m2 0.1 � 0.1 (�0.1 t

Total LTPAa 0.2 � 0.1 (�0.1 t

Total LTPAa * 3-mo visit —

Anthracycline 0.2 � 0.4 (�0.6

Anthracycline * 3-mo visit —

Values are beta � SE (95% CI). All models include a patient level random effect. Bold val
activity (LTPA). aSquare root transformed. Visit variable compares 3-month visit to base

— ¼ not statistically significant and removed from the model; BC ¼ breast cancer; LV
only group to exhibit a statistically significant decline
in exercise capacity from baseline to 3 months (�29 �
10 m; P ¼ 0.029) (Table 4). Model results for activity
groups and exercise capacity are shown in
Supplemental Table 1.

ASSOCIATIONS BETWEEN LTPA AND CARDIAC

FUNCTION IN BREAST CANCER PARTICIPANTS.

Fully adjusted means and 95% CI of cardiac measures
are shown in Table 2 with relationships between total
weekly LTPA and cardiac function presented in
Table 3. There were no significant interaction terms
between total LTPA and study visit for models with
LVEDV, LVESV, and LVEF as the outcomes. From
baseline to 3 months, LVEDV increased (2.2 � 0.8 mL;
95% CI: 0.5-3.8 mL), with an average increase of 0.7%.
Higher LTPA over the study period was related to a
higher LVEDV (1.2 � 0.4 mL; 95% CI: 0.4-2.0 mL).
LVESV increased over the study period (2.6 � 0.5; 1.7-
3.6) with an average increase of 8.7%. Total LTPA was
not related to LVESV (0.3 � 0.2 mL; 95% CI: �0.2 to
0.7 mL). LVEF declined (�1.4% � 0.3%; 95% CI: �2.0%
to �0.8%) by 3 months and was not related to total
r Health Measures in BC Participants

LV End-Diastolic Volume, mL LV End-Systolic Volume, mL

2.2 ± 0.8 (0.5 to 3.8) 2.6 ± 0.5 (1.7 to 3.6)

5.7 � 2.9 (�0.1 to 11.4) 2.0 � 1.7 (�1.3 to 5.3)

L6.1 ± 2 (L10 to L2.1) L2.4 ± 1.2 (L4.6 to -0.1)

3.6 ± 1.4 (0.8 to 6.4) 2.6 ± 0.8 (1.0 to 4.3)

L3.1 ± 1 (L5.0 to L1.1) �1.0 � 0.6 (�2.1 to 0.2)

L0.7 ± 0.1 (L0.9 to L0.4) L0.4 ± 0.1 (L0.6 to -0.3)

1.3 ± 0.2 (0.9 to 1.7) 0.4 ± 0.1 (0.2 to 0.7)

1.2 ± 0.4 (0.4 to 2.0) 0.3 � 0.2 (�0.2 to 0.7)

— —

�1.3 � 1.5 (�4.1 to 1.6) �0.7 � 0.8 (�2.4 to 0.9)

— —

ion, % LV Circumferential Strain, %

o L0.8) 1.2 ± 0.2 (0.8 to 1.6)

o 2.0) �0.39 � 0.49 (�1.36 to 0.58)

to 0.9) 0.32 � 0.35 (�0.36 to 1.0)

to 0.1) 0.57 � 0.35 (�0.12 to 1.25)

to 0.4) 0.003 � 0.24 (�0.48 to 0.48)

o 0.2) L0.07 ± 0.02 (L0.11 to L0.03)

o 0.2) 0.05 � 0.04 (�0.02 to 0.12)

o 0.4) 0.05 � 0.08 (�0.12 to 0.21)

L0.16 ± 0.07 (L0.29 to L0.02)

to 1.0) 0.44 � 0.25 (�0.05 to 0.92)

L0.62 ± 0.17 (L0.96 to L0.28)

ues indicate statistically significant (P < 0.05) findings regarding leisure-time physical
line visit. Anthracycline variable compares no treatment to receiving treatment.

¼ left ventricular.

https://doi.org/10.1016/j.jaccao.2022.12.011


FIGURE 2 Cardiovascular Health Measures Among BC Participants by Activity Group

Comparisons of exercise capacity (A), left ventricular (LV) end-diastolic volume (LVEDV) (B), LV end-systolic volume (LVESV) (C), LV ejection fraction (LVEF) (D), LV

circumferential strain (E) by LTPA group at baseline and 3 months. Adjusted mean and standard error graphed. Blue circles ¼ baseline; red squares¼ 3 months. Exercise

capacity (6-minute walk distance [6MWD]), was significantly lower in the insufficiently active group at 3 months compared with the active group. LVESV and LV strain

significantly increased in the moderate and insufficiently active groups, whereas LVEF decreased in the insufficiently active group. This indicates declines in car-

diovascular health occurred at 3 months into treatment in those with lower LTPA levels. *P < 0.05; **P < 0.01; and ***P < 0.001. Abbreviations as in Figure 1.
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LTPA (0.2% � 0.1%; 95% CI: �0.1 to 0.4). LV circum-
ferential strain increased (ie, worsened) at 3 months
(1.2% � 0.2%, 95% CI: 0.8-1.6), although women who
did not receive anthra-bC experienced less deterio-
ration in LV circumferential strain (0.62 � 0.17%; 95%
CI: �0.96% to �0.28%) relative to women who
received anthra-bC. There was a statistically
TABLE 4 Mean Differences in Cardiovascular Health Measures Amon

3 Months

Exercise
Capacity, m

LV End-Diastolic
Volume, mL

Mean
Difference � SE P Value

Mean
Difference � SE P Value

Active �7 � 12 0.99 2.3 � 2.9 0.97

Moderately active �10 � 15 0.99 8.0 � 3.4 0.23

Insufficiently active �29 � 10 0.029 4.4 � 2.3 0.37

LV ¼ left ventricular.
significant relationship with total LTPA over time
(�0.16 � 0.07; 95% CI: �0.29 to �0.02) such that
women with BC who were more active experienced a
preserved LV circumferential strain over the
study period.

Results by activity group are shown in Figure 2 and
Table 4. The active group exhibited the smallest
g Physical Activity Groups in Breast Cancer Participants From Baseline to

LV End-Systolic
Volume, mL

LV Ejection
Fraction, %

LV Circumferential
Strain, %

Mean
Difference � SE P Value

Mean
Difference � SE P Value

Mean
Difference � SE P Value

3.9 � 1.7 0.23 �2.4 � 1.0 0.20 1.2 � 0.7 0.52

6.5 � 2.1 0.030 �2.3 � 1.3 0.45 3.0 � 0.9 0.008

5.8 � 1.3 <0.001 �3.2 � 0.8 0.002 2.5 � 0.5 <0.001
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absolute mean change in LVEDV. LVESV values were
maintained in the active group while both the
moderately active (P ¼ 0.030) and insufficiently
active groups (P < 0.001) exhibited significant in-
creases in LVESV. Active and moderately active
groups maintained similar LVEF from baseline to
3 months, whereas the insufficiently active group
experienced a decline in LVEF (P ¼ 0.002). Adverse
changes in LV circumferential strain were observed
for the moderately active (P ¼ 0.008) and insuffi-
ciently active groups (P < 0.001), whereas the active
group did not have a significant change in LV
circumferential strain over the study. Model esti-
mates are shown in Supplemental Table 1.

LTPA AND CTRCD. Of 181 BC participants with CMR
data at both visits, 10 (5%) met clinical criteria for
CTRCD according to LVEF. Change in total LTPA
levels over the study period was not related to like-
lihood of meeting cardiac dysfunction criteria by
LVEF (�0.01 � 0.01; P ¼ 0.31).

According to subclinical LV dysfunction classifica-
tion by change in LV circumferential strain, 63 BC
participants (37%) exhibited deteriorations of 15% or
greater. Change in LTPA over the study period was
significantly related to likelihood of being classified
as having subclinical LV dysfunction (�0.02 � 0.01;
P ¼ 0.027), suggesting that for every unit increase in
LTPA over the study period, the likelihood of meeting
subclinical LV dysfunction criteria decreased by 2%
(OR: 0.98; 95% CI: 0.97-0.998).

DISCUSSION

This study reported LTPA levels before and 3 months
after beginning BC therapy and compared longitudi-
nal associations between LTPA and submaximal ex-
ercise capacity and cardiac function. Control and BC
participants reported similar levels of LTPA at base-
line, but LTPA declined in the first 3 months of BC
treatment, with 60% of the BC group reporting
insufficient levels of LTPA at 3 months. Results also
suggest a dose–response relationship of maintaining
greater LTPA participation, especially moderate-
strenuous intensity activity. Participants reporting
higher levels of LTPA exhibited preserved cardiovas-
cular health (Central Illustration), thereby providing
supportive evidence that LTPA participation during
cancer treatment may reduce CV dysfunction.

In line with other reports, we observed a decline in
LTPA from pretreatment through 3 months of
treatment.16,20,30,31 At baseline, BC participants re-
ported an average weekly LTPA score of 24.8, which
was higher than a recently reported pretreatment
median of 9.0 from a cohort of women with BC.16
Total LTPA decreased to 16.9 at 3 months, which
was attributed to a decrease in moderate-strenuous
activity. Among the BC group, 34% were categorized
as active at baseline, which declined to 22% at
3 months, and 60% were insufficiently active at
3 months. Given the strong evidence of the broad-
reaching beneficial effects of PA, including improve-
ments in fatigue, physical function, and CV and
cancer outcomes,10,32 increasing PA in women with
BC represents an important target for primary and
secondary prevention of CV disease and recurrent
malignancies.

Maintaining higher levels of total LTPA from
baseline to 3 months was associated with a greater
exercise capacity, and women who were active at
3 months had superior exercise capacity relative to
insufficiently active women. Baseline 6MWD values
were similar to the average of BC survivors in a recent
meta-analysis.33 A cross-sectional study of women
spanning the BC survivorship continuum showed
women with BC often exhibit a lower exercise ca-
pacity than control participants and experience sig-
nificant declines during cancer treatment.11,34

Prospective data presented here suggest a dose–
response relationship with PA levels to preserve ex-
ercise capacity during cancer treatment. On average,
6MWD declined by 22.5 m among BC participants,
which is considered a major decline in heart failure
patients35 and meets criteria for a clinically mean-
ingful change.36 However, women in the active LTPA
group did not exhibit declines in exercise capacity.
Because exercise capacity is an integrated measure of
oxygen delivery and uptake,37 these findings suggest
PA participation is acting on 1 or more of these ele-
ments to preserve exercise capacity. Previous work
shows increased PA during BC therapy improved ex-
ercise capacity measured by 6MWD.38 Together with
previous work demonstrating positive effects of PA
on physical functioning,32 psychosocial measures,39

and physical fitness,38 findings here contribute evi-
dence that maintaining PA levels during cancer
therapy helps to retain exercise capacity, an inde-
pendent predictor of mortality.40

Similar to studies detailing acute changes in car-
diac function with BC therapy,23,27,41-43 findings
herein demonstrate declines in LV systolic function
within the first 3 months of cancer therapy. Decreases
in LVEF were predominantly attributed to increases
in LVESV with concomitant small increases in LVEDV.
Total LTPA was not related to LVEF or LVESV; how-
ever, differences were observed by level of activity.
Active women experienced the greatest benefits for
mitigating declines in cardiac function, whereas
those reporting insufficient LTPA exhibited adverse

https://doi.org/10.1016/j.jaccao.2022.12.011
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changes in LVEF and LVESV. Active women were the
only group to maintain LVESV from baseline to
3 months and did not exhibit significant declines in
LVEF. These results suggest that greater moderate-
strenuous PA participation helps to retain cardiac
function.

Individuals who continued PA participation
through the first 3 months of treatment experienced
an attenuated deterioration in LV circumferential
strain. The active group demonstrated preserved LV
circumferential strain values and were less likely to
meet criteria for subclinical LV dysfunction. LV
circumferential strain is a sensitive indicator of
subclinical LV dysfunction and may increase sec-
ondary to increased LVESV or decreased LVEDV.41,44

Relative to evaluations of LVEF, LV circumferential
strain may provide earlier detection of LV dysfunc-
tion, which has important implications for guiding
clinical decisions regarding administration of cancer
and/or cardioprotective therapies.45 Consequently,
compared with 5% of BC participants who met CTRCD
criteria by LVEF, LV circumferential strain changes
identified 37% of BC participants with subclinical LV
dysfunction. Findings also support that greater total
LTPA and meeting moderate-strenuous PA recom-
mendations may help to preserve LV function via
protection of LV circumferential strain during the first
3 months of treatment.

Findings regarding LV circumferential strain,
LVEF, and LVESV are novel in humans receiving
cancer treatment and support previous preclinical
work demonstrating a cardioprotective effect of
exercise.11 Preclinical studies, using an anthracycline-
induced model of cardiomyopathy, demonstrated
benefits of exercise such as improvements in LV
function.11 One prospective study in humans linked
higher baseline PA to a positive change in LVEF over
cancer treatment.16 An intervention in BC women
undergoing trastuzumab treatment reported a decline
in LVEF despite participation in aerobic training in
the first 4 months of treatment.46 Two recent, pilot
randomized controlled trials reported attenuated
decline in cardiac function with a bout of exercise
performed before receiving doxorubicin,47 and
improved LVEF in the exercising group relative to
control participants.48 Together, preclinical and
limited clinical work suggests exercise may be an
effective strategy to prevent or mitigate adverse ef-
fects of cancer treatment on cardiac function, and
findings reported here corroborate this evidence.

STUDY LIMITATIONS. Strengths of this study include
the prospective design, which allows for establishing
temporality between exposures and outcomes. This
study used cardiac function assessed by CMR, a gold-
standard technique due to its high spatial and tem-
poral resolution, noninvasive nature, and lack of
ionizing radiation. Study imitations include use of
self-reported PA data. Despite the survey being vali-
dated in BC populations against accelerometers,49

overestimation of PA participation may have
occurred. Use of accelerometry data would provide an
objective measure of PA dose and frequency. Future
studies would benefit from use of peak oxygen con-
sumption to measure exercise capacity. Participants
were enrolled shortly after receiving a BC diagnosis,
potentially resulting in selection bias of healthier
women and may not be reflective of all BC patients.

CONCLUSIONS

These findings may have important clinical implica-
tions providing evidence that LTPA may preserve
exercise capacity and reduce cardiac dysfunction
among women undergoing BC treatment. On average,
self-reported LTPA declined through the first
3 months of treatment; however, maintaining higher
LTPA was associated with greater exercise capacity
and attenuated reductions in cardiac function in the
first 3 months of treatment for stage I to III BC.
Women who reported low levels of LTPA experienced
significant adverse changes in both exercise capacity
and cardiac function. Continued study will determine
whether these relationships persist throughout the
entirety of treatment for BC.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In women un-

dergoing treatment for breast cancer, higher levels of leisure

time physical activity were associated with attenuated declines in

exercise capacity and cardiac function, which are often observed

during breast cancer therapy.

TRANSLATIONAL OUTLOOK: Assessing physical activity is

feasible in clinical settings and engaging in physical activity may

help preserve key measures of cardiovascular health in women

receiving breast cancer treatment. Randomized trials are needed

to determine whether leisure time physical activity participation

can attenuate losses of exercise capacity and cardiac function.
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