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Abstract 

Background  Breast cancer survivors are at increased risk of cardiovascular events due to the cardiotoxic effects 
of cancer treatment. Exercise participation can lower the risk of various adverse cardiovascular health outcomes. How‑
ever, most breast cancer survivors do not meet exercise guidelines.

Objectives  To map and critically evaluate the observational literature describing the direction and strength 
of the relationship between post-diagnosis leisure-time exercise (aerobic and muscle-strengthening) and cardio‑
vascular health (cardiovascular disease, cardiac function, and related physiological risk factors) among diverse breast 
cancer survivors; and identify variations in this relationship based on race, ethnicity, and/or socioeconomic status.

Methods  Our scoping review was conducted in accordance with established guidelines and frameworks. Seven 
databases were searched. Participant characteristics, findings regarding the relationship between exercise and cardio‑
vascular health, and any variations in this relationship were extracted. Article quality was appraised using the Mixed 
Methods Appraisal Tool.

Results  Fourteen sources were identified, and study quality varied. Two adjusted analyses found aerobic exer‑
cise may lower the risk of cardiovascular disease. There was limited data found on the direction and strength 
of an adjusted relationship between exercise (aerobic or muscle-strengthening) and other cardiovascular outcomes 
or possible variations in the relationship across racial, ethnic, or socioeconomic groups.

Conclusion  Findings highlight a considerable gap in knowledge regarding the relationship between exercise 
and cardiovascular health among diverse breast cancer survivors. Further longitudinal observational research 
is needed to better establish the direction and strength of this relationship, and how it differs based on race, ethnicity, 
or socioeconomic status.
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Background
 Breast cancer survivors are at higher risk (9%) of cardio-
vascular disease-related mortality compared to cancer-
free women [1]. Adverse (cardiotoxic) effects of cancer 
treatment [2–4], preexisting comorbid conditions [2], 
and reductions in exercise following cancer diagnosis 
[5–9] may each contribute to an increased risk of car-
diovascular events among women diagnosed with breast 
cancer. Exercise has been shown to reduce the risk of car-
diovascular disease [10–12], related mortality [11], and 
physiological risk factors, such as hypertension and type 
II diabetes [10, 12], within the general population.

However, many breast cancer survivors experience 
challenges in maintaining exercise levels during and fol-
lowing cancer treatment [5, 6]. For instance, fewer female 
breast cancer survivors in the U.S. meet aerobic (37.7%) 
or muscle-strengthening (17.6%) exercise guidelines 
compared to women without cancer (aerobic: 40.9%; 
muscle-strengthening: 18.6%) [13]. Importantly, studies 
report disparities in exercise participation [13–15] and 
cardiovascular outcomes among breast cancer survivors 
[16, 17]. For example, lower proportions of Black and 
Hispanic breast cancer survivors meet exercise guidelines 
compared to survivors overall [13], and heart disease 
mortality is higher among Black and Hispanic breast can-
cer survivors compared to White survivors [17]. How-
ever, there is limited evidence summarizing the possible 
variations in the relationship of exercise with cardiovas-
cular outcomes across race, ethnicity, and socioeconomic 
characteristics among breast cancer survivors. This 
information may help develop individualized exercise 
prescriptions [18–20] to increase exercise participation, 
improve cardiovascular health, and reduce disparities 
among breast cancer survivors.

Findings from exercise interventions show that exercise 
can lower the risk of cardiovascular disease and improve 
cardiopulmonary function of breast cancer survivors 
[21–23]. However, these interventions often include 
extensive supervision and/or behavioral support which 
may not be feasible or accessible to breast cancer survi-
vors outside a clinical trial or an intervention study [24]. 
Furthermore, due to lack of diversity, the findings from 
studies may also show limited generalizability for under-
represented and underserved groups [25, 26]. In this con-
text, observational studies are useful in evaluating the 
effects of exercise in real-world settings [24]. Therefore, 
in this review, we focused on the observational literature 
to summarize the relationship between exercise and car-
diovascular health among diverse breast cancer survivors 
in real-world settings.

At present, there are currently gaps in knowledge 
regarding the direction and strength of the real-world 
relationship between exercise and cardiovascular health 

among breast cancer survivors, as well as how this rela-
tionship differs based on race, ethnicity, and socioeco-
nomic status. Therefore, the overarching goal of this 
scoping review was to map and critically evaluate the 
observational literature describing the direction and 
strength of the relationship between post-diagnosis lei-
sure-time exercise (aerobic and muscle-strengthening) 
and cardiovascular health (cardiovascular disease, car-
diac function, and related physiological risk factors) 
among diverse breast cancer survivors. In a second-
ary aim, we evaluated the differences in the relationship 
between exercise and cardiovascular health based on 
racial, ethnic, and socioeconomic characteristics.

Methods
We conducted a scoping review using the methodological 
framework established by Arksey & O’Malley and further 
refined by Joanna Briggs Institute methodology [27–29]. 
The review followed the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) [30] (see Supplement 
1for the PRISMA-ScR Checklist [30]). The review proto-
col was registered in Open Science Framework [https://​
osf.​io/​tfnuq/?​view_​only=​92bed​a9c95​67439​c8bf3​e2ce4​
b66fc​82].

Definitions
Breast cancer survivors
In accordance with the American Cancer Society (ACS) 
definition, the population of interest for this review 
included individuals ever diagnosed with breast cancer, 
regardless of where they are in the course of the disease 
[31]. The consideration of individuals ever diagnosed 
with breast cancer in this study allowed us to evaluate 
the possible variations in the relationship between exer-
cise and cardiovascular health across demographic (e.g., 
race) and socioeconomic characteristics of breast cancer 
survivors.

Exercise
Subjective physical activity measures collect information 
about physical activity participation in one or more of 
the following domains: leisure (i.e., recreational), occupa-
tional, household, and transportation [32]. Most physical 
activity measures would typically collect information on 
leisure-time exercise as it is considered the most modi-
fiable form of exercise [19]. Further, epidemiological 
research has traditionally focused on leisure-time exer-
cise [32]. Thus, for this review, leisure-time exercise (aer-
obic and muscle-strengthening) was selected to facilitate 
cross-study comparisons.

https://osf.io/tfnuq/?view_only=92beda9c9567439c8bf3e2ce4b66fc82
https://osf.io/tfnuq/?view_only=92beda9c9567439c8bf3e2ce4b66fc82
https://osf.io/tfnuq/?view_only=92beda9c9567439c8bf3e2ce4b66fc82


Page 3 of 16Wilson et al. Cardio-Oncology           (2025) 11:24 	

Cardiovascular health
The primary outcome of interest was cardiovascular 
health, which included cardiovascular disease (i.e., heart 
disease, heart attack, stroke, and heart failure), cardiac 
function (e.g., ventricular function), and related physi-
ological risk factors (i.e., diabetes, hypertension, cho-
lesterol, and kidney disease) according to the American 
Heart Association and Centers for Disease Control and 
Prevention [2, 33, 34].

Data sources and search strategy
We conducted a search of the published literature that 
reported on the association of exercise with recurrence, 
mortality, and/or quality of life among breast cancer sur-
vivors (Supplement 2). The search strategy was developed 
using an iterative approach by a trained librarian (GB) 
at the National Institutes of Health and peer reviewed. 
The search strategy included a combination of keywords, 
synonyms, Medical Subject Headings (MeSH) terms, and 
Emtree terms. The search was originally performed on 
September 18, 2023, across seven widely used scientific 
databases: MEDLINE via PubMed (National Library of 
Medicine), PsycINFO (American Psychological Associa-
tion), Embase (Elsevier), Scopus (Elsevier), Web of Sci-
ence Core Collection (Clarivate Analytics), Cochrane 
CENTRAL (Wiley & Sons), and CINAHL Plus (EBSCO). 
The search was updated on October 4, 2024. Database 
date searches were limited from 01/2003 onwards with 
English-only language restrictions. In addition to sources 
identified via databases, we also searched the prior 
and derivative works of all sources that proceeded to 
extraction.

Inclusion and exclusion criteria
Inclusion and exclusion criteria are detailed in Supple-
ment 3. Inclusion criteria were: (I) breast cancer sur-
vivors; (II) examination of the association of exercise 
with cardiovascular health; (III) empirical observational 
research studies; and (IV) full-text available in English.

Screening procedure
Screening was conducted in Covidence screening soft-
ware (Veritas Health Innovation, Melbourne, Australia) 
[35]. Sources from database searches were first imported 
into EndNote 21 (Clarivate) to remove duplicates and 
then imported into Covidence to identify additional 
duplicates. Screening of titles, abstracts, and full texts 
were conducted independently by four authors (OW, KW, 
CC, DK), with discrepancies resolved through discussion.

Quality appraisal
Article quality was appraised using the two screen-
ing questions and four items relating to quantitative 
non-randomized research from the Mixed Methods 
Appraisal Tool [36]. Items pertain to sample repre-
sentativeness, measure appropriateness, data complete-
ness, and whether confounders were accounted for. We 
set the threshold for data completeness at 80% [37] and 
focused on appraising methods used to assess effect of 
exercise on cardiovascular health.

Data charting
Data charting was conducted independently by four 
authors (OW, KW, CC,  DK) using a data extraction 
form within Excel. Information was extracted on study 
location (country); data source; study purpose; research 
design; number of participants; individual (e.g., age) 
and clinical (e.g., stage) characteristics; race and eth-
nicity; contextual characteristics (e.g., socioeconomic 
status); exercise measurement methods and proportion 
meeting guidelines; relevant findings; study limitations; 
funding source; and conflicts of interest.

Data synthesis
Data were analyzed and summarized descriptively 
using a narrative approach supported by accompanying 
tables.

Uncertainty
There are severe limitations to narrative synthesis of 
results based on statistical significance [38]. Since evi-
dence lies on a continuum, presenting findings as sig-
nificant vs. non-significant would reduce the value of 
the insights available in the reported data [39, 40]. As 
such, synthesis focused on the direction and strength of 
relationships as opposed to binary significance testing 
[41].

Results
Initial searches retrieved 5,831 sources after the 
removal of duplicates. These were screened at the title 
and abstract levels, followed by a full-text review of 
1,308 remaining sources. No additional articles were 
identified from searching reference lists. Ultimately, 
14 studies were identified and proceeded to extraction 
(Fig. 1).

Source characteristics
Study and participant characteristics are reported in 
Tables  1 and 2. Six studies originated from the U.S. 
[42–47], two from South Korea [48, 49], and oth-
ers from Canada [50], China [51], Germany [52], 
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Ireland [53], Spain [54], and Sweden [55]. Most stud-
ies included women who predominantly had stage 0 
through II breast cancer, were aged > 50 years, and had 
received some form of treatment. Time since diagno-
sis varied considerably from only six months [51] to an 
average of more than five years [52]. Details on the race/

ethnicity of participants in the studies from Canada, 
Germany, Spain, and Sweden were either not reported 
or collected [52, 54, 55]. The studies from China and 
Korea included predominantly Asian women [48, 49, 
51]. Among U.S. studies, one focused on Black women 
[46], whereas the remainder included predominantly 

Fig. 1  Article identification process using research framework
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White women. Most women had at least a high school 
education within studies that reported education. The 
location (e.g., rural vs. urban) was not specified by any 
study.

No studies reported sub-group analyses based on racial, 
ethnic, or socioeconomic characteristics. Heterogeneity 
in the classification and use of the exposure variable (i.e., 
exercise) within analyses, measurement and classification 
of outcome variables, and analytical approaches limited 
cross-study comparisons. As such, information on par-
ticipant characteristics and main study findings were 
extracted and reported for total samples.

Quality appraisal
All studies had a clear research question, collected appro-
priate data to answer research questions, and included 
participants that were representative of the target popu-
lation. All but three used appropriate measures, and all 
but five had complete outcome data. Eight accounted for 
confounders in design or analyses (see Supplement 4).

Aerobic exercise
Measurement and exercise guidelines
Three studies used the Godin Leisure Time Exercise 
Questionnaire [44, 47, 50], two used recreational dimen-
sion of the Arizona Activity Frequency Questionnaire 
[43, 46], two used the used the Minnesota Leisure Time 
Physical Activity Questionnaire (PAQ) [53, 54], and two 
used unnamed measures of recreational exercise [49, 52]. 
Single studies used recreational items from the Inter-
national PAQ-Long Form [48], the Modifiable Activ-
ity Questionnaire [56], Saltin-Grimby Physical Activity 
Level Scale [55], Shanghai Women’s Health Study PAQ 
[51], and recreational items from the Women’s Health 
Initiative PAQ [45],

Eight studies [43–49, 53] reported the proportion of 
participants meeting the equivalent of exercise guide-
lines (≥ ~150 min/week) from various organizations (e.g., 
ACS) [18, 19, 57–59]. The average proportion meeting 
guidelines was 51.0% (n = 52,644). However, Kim et  al. 
2021 [48], who had a sample of 39,775, of whom 53.3% 
met guidelines, skewed this average. Excluding Kim et al. 
2021 [48], the average was 43.9% (n = 12,869) (Supple-
ment 5) [43–47, 49, 53].

Cardiovascular diseases
Three studies reported adjusted Cox proportional haz-
ard regression analyses to quantify the longitudinal asso-
ciation between exercise and cardiovascular diseases 
(Table  3). However, we were unable to compare stud-
ies due to differences across referent and comparison 
groups. Jones et  al. 2016 [43], which included a sample 
of predominantly White women, found that meeting 

exercise guidelines was associated with lower risk of car-
diovascular events (HR:0.77; 95%  CI:0.67–0.88), coro-
nary artery disease (HR:0.74; 95%  CI:0.55–0.99), and 
heart failure (HR:0.71; 95% CI:0.56–0.90) [43]. They also 
reported a series of adjusted hazard ratios for cardiovas-
cular events according to meeting (≥ 9  MET-hrs/week) 
vs. not meeting (< 9  MET-hrs/week) exercise guidelines 
in subgroups defined by age, menopausal status, physi-
ological risk factors, and treatments. However, only 
treatment subgroups results included precision details 
[43]. Accordingly, among women receiving endocrine 
therapy, meeting guidelines lowered the risk of events 
by 22% among those who received aromatase inhibi-
tors (HR:0.78; 95%  CI:0.64–0.95) and 22% among those 
who did not (HR:0.78; 95%  CI:0.64–0.94). For women 
undergoing chemotherapy, meeting guidelines lowered 
the risk of events by 23% among those who received 
doxorubicin-containing chemotherapy (HR:0.77; 
95%  CI:0.610.97) and 21% among those who did not 
(HR:0.79; 95% CI:0.66–0.94).

A study comprised of Korean women found that 
increasing levels of exercise above inactivity were associ-
ated with lower risk of cardiovascular disease (hospitali-
zation for coronary heart disease or stroke for ≥ 2days), 
coronary artery disease, and heart failure (Table 3) [48]. 
Differences in comparison groups used by Obi et al. 2014 
[52] limited our ability to draw conclusions regarding 
the magnitude, direction, and precision of the associa-
tion between exercise and cardiovascular disease (angina 
pectoris, myocardial infraction, stroke, arterial occlusion 
disease) [52].

Using unadjusted cross-sectional analyses, five studies 
compared the proportion of participants with a range of 
cardiovascular diseases between those who did and did 
not meet exercise guidelines (Table 4). One study includ-
ing only Black women found that the proportion with 
heart disease or to have experienced a stroke was consid-
erably lower among those who met guidelines [46]. Simi-
larly, two studies of predominantly White women found 
that the proportion with heart failure [43], heart disease 
[44], coronary artery disease [43], or to have experienced 
a cardiovascular event [43] or a stroke [44] were consid-
erably lower among those who met guidelines, whereas 
another found no difference in cardiovascular death 
between those who did and did not meet guidelines 
among predominantly White women [45]. No differences 
were observed among Korean women, though the preva-
lence of cardiovascular diseases was very low [48].

Cardiac function
Two studies examined the association of exercise with 
indicators of cardiac function. The study by Upshaw 
et  al. 2020 involving a sample of White women found, 
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using adjusted longitudinal analyses, that higher exercise 
was associated with a modest improvement in the abso-
lute value of a left ventricular ejection fraction (β:0.36%, 
95%  CI:0.06–0.66 for each 10-unit increase in exercise), 
which approximates a change from sedentary to mild 
activity or from mild activity to moderate activity [47]. 
The other, presumably involving predominantly White 
women, found exercise was associated with better dias-
tolic and systolic left ventricular function measures dur-
ing treatment using adjusted analyses [50].

Diabetes
Eight studies reported findings concerning diabetes-
related outcomes, two of which reported adjusted cross-
sectional analyses (Table  5). Bao et  al. 2013 found that 
exercise was modestly associated with higher fasting 
plasma glucose (≥ 5.6 mmol/L) among Chinese women, 
though data were statistically consistent with parameter 
values ranging from little to no effect to higher odds [51]. 
Another study including a relatively representative sample 
of women in the U.S. found that C-peptide, Leptin, and 
Insulin-Life Growth Factors were more favorable among 
women participating in more than minimal exercise [42].

Seven studies reported unadjusted cross-sectional 
analyses (Table 5). Five compared the unadjusted propor-
tion of women with diabetes between those who did and 
did not meet exercise guidelines. One included only Black 

women [46], another predominantly Korean women [49], 
while the other three included predominantly White 
women [43–45]. Each of these studies reported a lower 
prevalence of diabetes among those who met guidelines. 
A study of White Irish women found that the preva-
lence of insulin resistance was considerably lower among 
those who met guidelines [53]. A study of Korean women 
found no difference in the fasting serum plasma glucose 
between those who did and did not meet guidelines [48].

Hypertension
Nine studies reported findings related to hypertension 
(Table 6). Three reported adjusted analyses. Bao et al. 2013 
reported results that were statistically consistent with 
parameter values ranging from lower odds to higher odds 
regarding the association between exercise and hyper-
tension among Chinese women (Referent: No exercise; 
<3.5 hrs/week, HR:1.01; 95% CI:0.72–1.42; ≥3.5 hrs/week 
HR:0.94, 95% CI:0.67–1.31) [51]. The comparison groups 
used by Obi et al. 2014 [52] limited our ability to draw con-
clusions regarding the magnitude, direction, and precision 
of the longitudinal association exercise between exercise 
and hypertension. The third, which included predomi-
nantly White women, reported a modest negative longitu-
dinal association between exercise and hypertension, but 
that data were consistent with parameter values ranging 
from little to no effect to a strong negative association [47].

Table 4  Unadjusted associations between exercise and cardiovascular diseases

MET Metabolic equivalent, MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, ACS American Cancer Society, USDHHS U.S. Department 
of Health and Human Services, ACSM American College of Sports Medicine, NCCN National Comprehensive Cancer Network
a Self-report
b International Classification of Diseases

Study Outcomes Exercise

Guidelines Met Guidelines

Yes No

%

Busen et al. 2023 [46] Heart diseasea ≥150 min/week of MPA or ≥75 min/week of VPA 
(ACS/USDHHS)

11.7 18.0

Strokea 0.8 7.2

Dieli-Conwright et al. 2022 [45] Cardiovascular death ≥9 MET-hrs/week 7.3 7.9

Jones et al. 2016 [43] Cardiovascular events ≥9 MET-hrs/week 24.0 33.9

Coronary artery disease 5.4 8.3

Heart failure 7.9 12.8

Peripheral vascular disease 0.9 1.2

Kim et al. 2021 [48] Cardiovascular eventsb >500 MET-min/week 1.9 2.7

Coronary heart diseaseb 0.7 1.1

Strokeb 1.2 1.6

Marell et al. 2023 [44] Heart diseasea ≥150 min/week of MVPA (ACSM, USDHHS, NCCN) 4.6 5.9

Strokea 0.0 2.9
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Six studies reported cross-sectional unadjusted analy-
ses (Table 6). Four reported that the prevalence of hyper-
tension or high blood pressure was lower among those 
who met guidelines [43–46]. The two others reported 
that those who met guidelines had lower systolic [48, 54] 
and diastolic blood pressure [54].

Cholesterol
Seven studies reported findings related to cholesterol 
(Supplement 6), two of which reported adjusted analy-
ses. Bao et al. 2013 reported results that were statistically 

consistent with parameter values ranging from lower 
odds to higher odds regarding the association between 
exercise and low high-density lipoprotein cholesterol 
(< 1.3 mmol/l) among Chinese women (Referent: No 
exercise; <3.5  hrs/week HR:1.10, 95%  CI:0.79–1.53; 
≥3.5  hrs/week HR:1.01, 95%  CI:0.73–1.40) [51]. The 
other, which included predominantly White women, 
reported a modest negative longitudinal association 
between exercise and hyperlipidemia, but parameter val-
ues ranged from little to no effect to a strong negative 
association [47].

Table 5  Associations of exercise with diabetes related outcomes

Findings from only Irwin et al. 2005 [42] were included, while similar findings from three other HEAL study articles [60–62] were excluded, as it had the largest sample

OR Odds ratio, MET Metabolic equivalent, MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, MVPA moderate-to-vigorous-intensity 
physical activity, ACS American Cancer Society, USDHHS U.S. Department of Health and Human Services, ACSM American College of Sports Medicine, NCCN National 
Comprehensive Cancer Network, IGF-I Insulin-like growth factor 1, IGFBP-3 Insulin-like growth factor binding proteins 3
a Self-report
b Adjusted for age at diagnosis, education, body mass index (BMI) at baseline, menopausal status at baseline, disease (Charlson comorbidity score 0/≥1), and Tumor, 
Node, Metastasis (TNM) stage;
c Adjusted for study site, age, ethnicity, education, menopausal status, disease stage, adjuvant treatment, tamoxifen use, type II diabetes, and smoking status (the 
magnitude of differences decreased after for adjusting for BMI too)

Study Diabetes Outcome Findings

Adjusted analyses
Bao et al. 2013 [51]b Fasting plasma glucose (≥ 5.6 mmol/l) Referent: No exercise

 < 3.5 hrs/week: OR = 1.27 (95% CI: 0.88, 1.83)
 ≥ 3.5 hrs/week: OR = 1.01 (95% CI: 0.70, 1.46)

Irwin et al. 2005 [42]c MET-hrs/week

< 2.6 2.6–13.2 > 13.3

M (SD)

C-peptide (ng/mL) 2.5 (0.1) 2.4 (0.1) 2.0 (0.1)

Leptin (ng/mL) 30.0 (1.1) 24.5 (1.1) 19.4 (1.1)

IGF-I (ng/mL) 125.8 (3.4) 134.9 (3.3) 140.0 (3.4)

IGFBP-3 (µg/mL) 4.0 (0.1) 4.1 (0.1) 4.2 (0.1)

IGF-I: IGFBP-3 31.3 (0.7) 33.3 (0.7) 33.6 (0.7)

Unadjusted analyses
Exercise
Guidelines Met guidelines

Yes No

Busen et al. 2023 [46] Diabetesa ≥ 150 min/week of MPA or ≥ 75 min/week 
of VPA (ACS/USDHHS)

20.3% 29.7%

Dieli-Conwright et al. 2022 [45] History of diabetesa ≥ 9 MET-hrs/week 3.4% 5.7%

Guinan et al. 2013 [53] Insulin resistant ≥ 30 min of MPA, ≥ 5 days/week (ACSM) 12.5% 30.2%

Jones et al. 2016 [43] Type II diabetes ≥ 9 MET-hrs/week 6.6% 10.7%

Kim et al. 2021 [48] Fasting serum plasma glucose (mg/dL) > 500 MET-min/week 96.8 (19.4) 97.8 (21.1)

Kim, So, & Kim, 2020 [49] Diabetes ≥ 150 min/week of MPA or ≥ 75 min/week 
of VPA

11.0% 15.5%

Marell et al. 2023 [44] Diabetesa ≥ 150 min/week of MVPA (ACSM, USDHHS, 
NCCN)

1.5% 17.6%
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Five studies reported cross-sectional unadjusted anal-
yses (Supplement 6). Among those who met guidelines, 
the prevalence of high cholesterol [45, 46], hyperlipi-
demia [43] and hypercholesteremia [44] were all lower. A 
study of Korean women reported lower total cholesterol 
among those who met guidelines [48].

Kidney disease
Marell et al. 2023 [44] compared the unadjusted propor-
tion of those with kidney disease between those who did 
and did not meet exercise guidelines (≥ 150  min/week) 

in a cross-sectional study. Among those who met guide-
lines, none had kidney disease, compared to 5.9% who 
did not.

Comorbidities
Nilsson et al. 2016 [55] compared the unadjusted propor-
tion of those with a comorbidity (hypertension, diabetes, 
hyperlipidemia) across exercise levels in a cross-sectional 
study. Forty-five percent of those who were inactive 
reported a comorbidity, compared to 30% who did some 
light exercise, and 19% of those who did regular exercise 

Table 6  Associations of exercise with hypertension related outcomes

HR Hazards ratio, MET Metabolic equivalent, MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, MVPA moderate-to-vigorous-intensity 
physical activity, ACS American Cancer Society, USDHHS U.S. Department of Health and Human Services, ACSM American College of Sports Medicine, NCCN National 
Comprehensive Cancer Network
a Self-report
b Adjusted for age at diagnosis, education, body mass index (BMI) at baseline, menopausal status at baseline, disease (Charlson comorbidity score 0/≥1), and Tumor, 
Node, Metastasis (TNM) stage
c Adjusted for: age (continuous), study region, postmenopausal at breast cancer (BC) diagnosis, marital status, education, BMI at recruitment, age at menarche, 
menopausal hormone therapy (MHT) at BC diagnosis, parity, smoking habits at BC diagnosis, and alcohol consumption, tumor stage, a combined variable of her2/neu 
receptor status and trastuzumab medication, and other types of therapy (chemotherapy, radiotherapy, intake of tamoxifen, aromatase inhibitors, trastuzumab, and/or 
bisphosphonates), and diabetes mellitus at baseline; 
d Variables adjusted for not reported

Study Hypertension Outcome Findings

Adjusted analyses
Bao et al. 2013 [51]b Blood pressure (≥ 130/85 mmHg) Referent: No exercise

 < 3.5 hrs/week: OR:1.01 (95%CI: 0.72–1.42)
 ≥ 3.5 hrs/week: OR:0.94 (95%CI: 0.67–1.31)

Obi et al. 2014 [52]c Hypertensiona+physician−confirmed MET-hrs/week

0: Referent
 > 0-<2: HR:0.98 (95% CI: 0.67–1.42)
 < 24: HR:0.82 (95% CI: 0.56–1.21)
 < 42: HR:0.95 (95% CI: 0.64–1.40)
 ≥ 42: HR:0.85 (95% CI: 0.57–1.28)

Upshaw et al. 2020 [47]d Hypertensiona+clinical chart review β = −2.13 (−4.48, 0.21)

Unadjusted analyses
Exercise
Guidelines Met guidelines

Yes No

Ariza-García et al. 2013 [54] Diastolic blood pressure (mmHg) Unclear M (SD)

80.9 (9.3) 84.5 (10.0)

Systolic blood pressure (mmHg) 121.8 (14.8) 125.6 (15.7)

Busen et al. 2023 [46] High blood pressurea ≥ 150 min/week of MPA or ≥ 75 min/week of VPA 
(ACS/USDHHS)

57.0% 69.2%

Dieli-Conwright et al. 2022 [45] High blood pressurea ≥ 9 MET-hrs/week 39.6% 45.7%

Jones et al. 2016 [43] Hypertension ≥ 9 MET-hrs/week 35.4% 42.7%

Kim et al. 2021 [48] Systolic blood pressure (mmHg) ≥ 500 MET-min/week M (SD)

119.8 (14.9) 120.6 (15.3)

Marell et al. 2023 [44] Hypertensiona ≥ 150 min/week of MVPA (ACSM, USDHHS, NCCN) 21.5% 40.8%
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and training/ regular hard physical training for competi-
tion sports.

Muscle‑strengthening exercise
Kim et al. 2020 [49] examined the unadjusted association 
of muscle-strengthening exercise with diabetes among 
Korean women and found that only 3.1% of those who 
met muscle-strengthening guidelines had diabetes, com-
pared to 15.9% of those who did not meet guidelines.

Discussion
Findings stemming from adjusted analyses of longitu-
dinal observational data suggest that aerobic exercise 
could potentially lower the risk of cardiovascular disease 
among breast cancer survivors. While there were limited 
adjusted data for other outcomes of interest, unadjusted 
analyses of largely cross-sectional data suggest that exer-
cise may be associated with favorable outcomes relating 
to cardiac function, diabetes, hypertension, and choles-
terol and kidney disease. There was limited evidence con-
cerning the association of muscle-strengthening exercise 
with cardiovascular outcomes [49], and there were no 
data on variations in the relationship between exercise 
(aerobic and muscle-strengthening) and cardiovascular 
health based on race, ethnicity, or socioeconomic char-
acteristics. Our findings extend those of a prior review 
that evaluated the effect of exercise interventions on car-
diovascular health among breast cancer survivors [63]. 
They also align with previous reviews among the general 
population, though we were unable to draw conclusions 
regarding variations in associations [64].

Disparities in cardiovascular health are well docu-
mented based on race and/or ethnicity and socioeco-
nomic characteristics [65–68]. However, the studies 
included in this review provided limited evidence on the 
variations in the relationship between exercise and car-
diovascular outcomes across subgroups defined by race, 
ethnicity, or socioeconomic status. Apart from studies 
that focused on Asian [48, 49, 51] or Black [46] women, 
most studies were comprised of predominantly White 
women. Further research is needed to quantify variations 
in the relationship of exercise with cardiovascular health 
among breast cancer survivors to better understand 
the reasons underpinning disparities in cardiovascular 
outcomes.

This review has several limitations. We excluded stud-
ies that examined associations broadly among cancer 
survivors as those studies limited the ability to isolate 
findings for breast cancer survivors. Studies examining 
exercise outside the leisure-time domain were excluded, 
and there is also a possibility of measurement error in 
relation to exercise due to recall and social desirability 
bias [69, 70]. We also excluded numerous studies that 

examined the association between exercise and comor-
bidities where comorbidities were grouped together and 
included other cancers, respiratory diseases, osteoar-
thritis, etc. Studies evaluating the effects of behavioral 
interventions were excluded as the goal of our review was 
to evaluate the isolated benefits of “real-world” habitual 
aerobic and/or muscle strengthening exercise on cardio-
vascular health.

Prior research indicates that cardiac rehabilitation 
could help reduce the risk of cardiotoxicity among breast 
cancer survivors [71, 72]. However, cardiac rehabilitation 
may involve comprehensive long-term, multidisciplinary 
interventions encompassing supervised exercise, dietary 
counseling, and cardiovascular disease risk management 
[71, 73]. As a result, the effects of cardiac rehabilitation 
on reducing the risk of cardiotoxicity could be attribut-
able to a combination of benefits offered by exercise, 
improved diet, and cardiac risk management. Therefore, 
we excluded studies on cardiac rehabilitation from this 
review as it would have limited our ability to isolate the 
effects of exercise alone on cardiovascular health.

The observational studies included in this review had 
a number of limitations. Most studies predominantly 
reported cross-sectional analyses, and the quality 
appraisal revealed that confounders (age, comorbidi-
ties, treatments, etc.) were rarely considered in design 
and analyses. Only seven studies reported adjusted 
analyses [42, 43, 47, 48, 50–52]. Measurement of exer-
cise (i.e., the exposure) over time may help to establish 
the temporal association between exercise and car-
diovascular health in real-world settings. Many stud-
ies relied on self-reported measures from breast cancer 
survivors, while several studies did not report how data 
on cardiovascular outcomes were collected. There is a 
need for objective and/or clinician confirmed meas-
ures of cardiovascular outcomes to improve validity 
and reliability. Additionally, we found only one study 
that examined the relationship of muscle-strengthening 
exercise with cardiovascular outcomes. This is consist-
ent with prior reviews that have found fewer studies 
including muscle-strengthening exercise compared to 
aerobic exercise [74]. Future research should measure 
all domains of aerobic physical activity as well as mus-
cle strengthening activity.

There are several ways to strengthen future research 
examining the relationship between exercise and cardio-
vascular health. There is a need for more large prospec-
tive studies of diverse breast cancer survivors including 
valid and reliable measures of exercise and cardiovascu-
lar health outcomes to evaluate possible variations across 
race and/or ethnicity, socioeconomic status, and geo-
graphic location. There is a need for purposeful collec-
tion of data from underrepresented and underserved 
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women to address these research gaps. Future longitudi-
nal studies may facilitate evaluations of the relationship 
between exercise and cardiovascular health. Research-
ers should also consider using consistent measurements 
of survivor characteristics, exercise, and cardiovascular 
health outcomes to facilitate cross-study comparisons 
and the pooling of data across studies.

In summary, the most recent exercise guidelines con-
cluded that the impact of exercise to prevent or improve 
cardiotoxicity is an emerging field, and that more 
research is needed to understand the impact of exercise 
on cardiac and vascular function [18]. Our review sug-
gests that aerobic exercise offers breast cancer survivors 
some protection against adverse cardiovascular health 
outcomes. Findings of this review also align with exercise 
providing favorable changes relating to adiposity, inflam-
mation, immune function, metabolic regulation, and sex 
hormones [75]. Much more research is needed to more 
precisely establish the dose-response relationship of aer-
obic and muscle-strengthening exercise with cardiovas-
cular health among breast cancer survivors, as well as the 
underpinning physiological mechanisms. Importantly, 
it is currently unclear whether the relationship of aero-
bic or muscle-strengthening exercise with cardiovascular 
health differs based on race, ethnicity, or socioeconomic 
status. Future researchers should consider recruiting 
more diverse samples of breast cancer survivors and/or 
pooling data to be able to make these comparisons.
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