"\' frontiers ‘ Frontiers in Cardiovascular Medicine

") Check for updates

OPEN ACCESS

EDITED BY
Maria Grazia Modena,
University of Modena and Reggio Emilia, Italy

REVIEWED BY

Min Yi,

The Second Affiliated Hospital of Guangzhou
Medical University, China

Igor Lucas Gomes-Santos,

Harvard Medical School, United States

*CORRESPONDENCE
Sang Min Park
smpark.snuh@gmail.com

These authors have contributed equally to this
work and share first authorship

RECEIVED 02 August 2023
AccepTED 30 October 2023
PUBLISHED 20 November 2023

CITATION

Kim JS, Song J, Choi S and Park SM (2023)
Changes in body composition and subsequent
cardiovascular disease risk among 5-year breast
cancer survivors.

Front. Cardiovasc. Med. 10:1259292.

doi: 10.3389/fcvm.2023.1259292

COPYRIGHT
© 2023 Kim, Song, Choi and Park. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine

Original Research
20 November 2023
10.3389/fcvm.2023.1259292

Changes in body composition and
subsequent cardiovascular disease
risk among 5-year breast cancer
Survivors

2,4%

Ji Soo Kim", Jihun Song”, Seulggie Choi® and Sang Min Park

!International Healthcare Center, Seoul National University Bundang Hospital, Seoul National University
College of Medicine, Seoul, Republic of Korea, Department of Biomedical Sciences, Seoul National
University Graduate School, Seoul, Republic of Korea, *Department of Internal Medicine, Seoul National
University Hospital, Seoul, Republic of Korea, “Department of Family Medicine, Seoul National University
Hospital, Seoul, Republic of Korea

Introduction: Cardiovascular disease (CVD) remains a leading cause of death in
breast cancer survivors, a growing population. The aim of this study was to
determine whether changes in body composition, commonly observed in breast
cancer survivors, is associated with subsequent CVD risk.

Methods: This cohort study used the Korean National Health Insurance Service
database. The study population included 73,271 5-year breast cancer survivors
aged 40 years or above. To assess changes in body composition and its effect
on the risk of CVD, validated prediction equations and multivariate Cox
proportional hazards regression were used. Changes in metabolic markers
(blood pressure, total cholesterol, and fasting serum glucose) according to
changes in body composition were calculated by multiple linear regression.
Results: Having persistently high predicted lean body and appendicular skeletal
muscle mass percentages (LBMP and ASMP, respectively) among breast cancer
survivors was associated with 32% and 40% lower CVD risks than a persistently low
predicted LBMP or ASMP, respectively. Conversely, persistently high predicted body
fat mass percentage (BFMP) was associated with a higher CVD risk than persistently
low predicted BFMP. Additionally, those with a low to high change in predicted
BFMP had a higher risk of CVD than those with persistently low predicted BFMP.
Changes in body composition were accompanied by changes in metabolic markers.
Discussion: Maintaining high percentages of lean body and appendicular skeletal
muscle mass and preventing an increase in fat mass may be beneficial in preventing
CVD in breast cancer survivors.
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Background

The increased risk of cardiovascular disease (CVD) in breast cancer survivors compared
to women without a cancer history is related to the cardiotoxic effects of breast cancer
treatment and overlapping risk factors of breast cancer and CVD (1-3). After breast
cancer diagnosis, the majority gain weight, which continues, especially in premenopausal
women, into breast cancer survivorship (4, 5). Even in the absence of weight gain,

Abbreviations

BMLI, body mass index; CVD, cardiovascular disease; dBP, diastolic blood pressure; FSG, fasting serum glucose;
pLBMP, percentage of predicted lean body mass; pASMP, percentage of predicted appendicular skeletal mass;
PBEMP, percentage of predicted body fat mass; sBP, systolic blood pressure; TC, total cholesterol.
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changes in body composition consisting of gain in adipose tissue
without a gain in or with loss of lean tissue have been observed
(6). Chemotherapy also causes alternations in skeletal muscle and
creates a predisposition to muscle atrophy and weakness (7). As
a result, CVD burden associated with post-diagnosis weight gain
has been observed to as long as 5 years in Asian patients (8). Of
equal importance, excessive body fat in cancer survivors has been
shown to affect quality of life and disease-free survival (9).

Prior research among breast cancer survivors have focused on
mortality and body mass index (BMI) or waist circumference (10,
11). In terms of the association between change in BMI and the risk
of CVD or CVD mortality, there were contradicting results (12).
For example, there was no association between a change in BMI
and the risk of CVD in short-term breast cancer survivors. The
significance of examining body composition over BMI was
further shown in a relatively recent study on adiposity and CVD
(13). In this study, the increased risk of CVD was also observed
in normal-weight breast cancer survivors with greater visceral
body
distinguishing fat mass and muscle mass, and the risk of CVD in

adiposity. Research on changes in composition,
young adults has been carried out, however, little is known on
changes in body composition and the risk of CVD in breast
cancer survivors (14).

Various anthropometric and imaging indices of obesity and its
relationship with CVD risk have been summarized (15). In the
current study of 40,095 breast cancer survivors without prior
CVD, we with

anthropometric data and health habits to examine the association

utilized validated prediction equations
between changes in body composition and the risk of subsequent

CVD.

Methods
Data source and study population

In Korea, the National Health Insurance Service (NHIS) has
recorded almost all information on medical use in the NHIS
database, based on an insurance claim. The NHIS database
includes patients’ age, gender, disease history, drug prescription
history, and surgery history. The NHIS database can be used for
research purposes only by approved researchers (16, 17). In our
study, we tracked the risk of CVD in breast cancer patients by
accessing the NHIS database through approval of the NHIS.

73,271 5-year breast cancer survivors aged 40 years or above,
without previous CVD, who underwent a health checkup within
3 years before index date (second health checkup) were observed
during 2011-2019 (Figure 1). Among them, 17,829 participants
were excluded, because they did not take a health screening
examination (the first health checkup) during the previous 3
years before the date of initial cancer diagnosis. An additional
14,811 participants who had missing necessary variables to
calculate predictive body composition (age, gender, height,
weight, waist circumference) and covariates (income level, blood
pressure, total cholesterol, etc.) were excluded. Finally, 536
participants with extreme body composition change (top and
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bottom 1%) were eliminated as cases of outliers (18, 19). As a
result, the final study population consisted of 40,095 5-year
breast cancer survivors. All participants were followed up from
the index date to the date of newly diagnosed CVD, date of
death, or 31 December 2020, whichever came first.

Breast cancer survival and cardiovascular
diseases

We recruited all breast cancer patients based on disease
information recorded on the NHIS database. Patients diagnosed
with breast cancer from 1 January 2006 to 31 December 2014
were extracted based on both the special assessment code (V193
and V194) and the International Classification of Diseases, Tenth
Revision (ICD-10; C50) (20). Among 5-year breast cancer
survivors, we used ICD-10 codes to identify CVD (I120-125, 160-
169), coronary heart disease (CHD; 120-125), and stroke
(including ischemic and hemorrhagic stroke; 160-169) (21, 22).
To eliminate events that were not actual CVD events, we defined
CVD events as 2 or more days of hospitalization with ICD-10
codes for CVD.

Key variables

With a validated prediction equation, predicted mass of body
composition (kg) and predicted mass index of body composition
(kg/mz) were assessed and calculated (23). These prediction
equations were previously used in studies related to lean body
mass, appendicular skeletal muscle mass, and body fat mass
(24, 25). Among a total of 40,095 5-year breast cancer survivors,
predicted mass index of body composition was evaluated based
on age, gender, weight, height, and waist circumference. The
percentage of predicted lean body mass (pLBMP), percentage of
predicted appendicular skeletal muscle mass (pASMP), and
percentage of predicted body fat mass (pBFMP) were then
derived at both the first and second health checkups. Changes in
body composition (pLBMP, pASMP, and pBFMP) were defined
as the difference in the percentage of predicted body composition
between the second and first health check-ups; this value shows
the difference in body composition before initial cancer diagnosis
and after 5 years of survival from breast cancer. At the first
health checkup, the High and Low body composition groups
were classified based on pre-defined cut-off values: 65% for
pLBMP, 26% for ASMP, and 34% for pBFMP. Similarly, the
High and Low groups were classified at the second health check-
up with the same cut-off value for respective body compositions
(26). Finally, according to changes in body composition, a total
of 40,095 5-year breast cancer survivors were divided into four
groups: those who had consistently low body composition (Low
to Low), those who had low body composition before initial
cancer diagnosis but high body composition after 5-years of
survival (Low to High), those who had high body composition
before initial cancer diagnosis but low body composition after 5-
years of survival (High to Low), and those who had consistently
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(N =73,271)

5-year breast cancer survivors aged 40 years and above,
without previous cardiovascular diseases,
who underwent a health checkup within 3 years before index date
(2n“ health checkup)

v

Excluded due to no health screening within 3 years
before date of cancer diagnosis (15t health checkup)

(N = 17,829)

v

Excluded due to missing variables
« Sociodemographic data (age, income)
+ Anthropometric data (height, weight, ... )
+ Treatment pattern (radio-, chemo-, hormonal therapy)
« Health habit (smoking, alcohol, ...)
» Health test (blood pressure, total cholesterol, ...)

(N=14,811)

(N = 40,631)

5-year breast cancer survivors who underwent
Both (15t and 2"9) health checkups

v

Excluded the top 1% and bottom 1%
of change in predicted body composition

(N = 536)

(N = 40,095)

Study population

FIGURE 1
Flow diagram of study population.

high body composition (High to High). Additionally, in a
sensitivity analysis for changes in body composition, re-
classification was performed based on the median of the first
(65.01% for pLBMP, 25.74% for pASMP, and 33.85% for
pBFMP) and second health checkup (65.13% for pLBMP, 25.69%
for pASMP, and 33.73% for pBFMP).

Statistical analysis

Participants were evaluated for adjusted hazard ratios (aHR)
and 95% confidence intervals (95% CI) of the CVD risk
according to changes in body composition using multivariate
Cox proportional hazards regression after adjustments for the
covariates. The considered covariates included age (continuous,
years), income level (categorical, first, second, third, and fourth
quartiles), smoking status (categorical, never-, past, and current
smokers), alcohol consumption (categorical, 0, 1-2, 3-4, and 5 or
more times per week), physical activity (categorical, 0, 1-2, 3-4,
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and 5 or more times per week), BMI (continuous, kg/mz),
Charlson comorbidity index (CCIL continuous), history of
chemotherapy (categorical; cyclophosphamide, trastuzumab,
doxorubicin, epirubicin, docetaxel, paclitaxel, and cisplatin),
history of radiation therapy, and history of hormone therapy
(categorical; tamoxifen, anastrozole, and letrozole). Income level
was derived from the insurance premium. BMI was calculated by
dividing body weight by the square of height (kg/m*). Smoking
status, alcohol consumption, and physical activity were assessed
by a self-reported questionnaire at the health check-up. The
algorithm for calculating Charlson comorbidity index was
adapted from a previous study (27). Prescription of anti-cancer
drugs known to cause heart disease was collected on the NHIS
database (28). Through insurance claims, history of radiation
also collected (29).

categorical variables and analysis of variance for continuous

treatment was Chi-squared tests for
variables were used to compare the differences in the distribution
of covariates. Blood pressure (mmHg), total cholesterol (mg/dl),

and fasting serum glucose (mg/dl) are known to cause CVD
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(30). Change in blood pressure (systolic blood pressure (sBP) and
diastolic blood pressure (dBP)), total cholesterol (TC), and fasting
serum glucose (FSG) according to changes in body composition
was evaluated with adjusted mean and 95% CI, which was
calculated by multiple linear regression after adjustments for the
income, radiation
therapy, therapy, CCI, status, alcohol
consumption, and physical activity. A stratified analysis of the

following covariates: age, chemotherapy,

hormone smoking
association of change in body composition was then performed
with the overall CVD events according to age, CCI, and
treatment pattern (chemotherapy, hormone therapy, and
radiation therapy). Statistical significance was defined as p-value
<0.05. p-value by Chi-square test for categorical variables and
analysis of variance (ANOVA) for continuous variables were
used to determine the risk of CVD. All data collection and
statistical analyses were conducted using SAS 9.4 (SAS Institute

Inc., Cary, NC, USA).

Results

Table 1 shows the characteristics of the study population, based
on change in percentage of predicted lean body mass. Mean ages
(standard deviation) for Low to Low, Low to High, High to Low,
and High to High groups were 59.99 (9.18), 58.86 (8.71), 56.38
(8.56), and 55.25 (8.10), respectively. The majority of subjects
were never-smokers with rare alcohol consumption and physical
addition, the
chemotherapy, radiation therapy, or hormone therapy.

activity. In majority of subjects received

Cardiovascular risks of the study population were observed,
based on change (prior to and 5 years after diagnosis of breast
cancer) in pLBMP, pASMP, and pBFMP (Table 2). Compared to
those who continued to have low pLBMP and pASMP, those
with persistently high pLBMP and pASMP had lower risks of
CVD (aHR, 0.68 [95% CI, 0.53-0.87] and aHR, 0.60 [95% CI,
0.44-0.81], respectively). In contrast, both the High to Low and
High to High pBFMP groups had higher risks of CVD (aHR,
1.44 [95% CI, 0.98-2.10] and aHR, 148 [95% CI, 1.15-1.89],
respectively), compared to those who maintained a low pBFMP.
Notably, those with increased (a low to high change) pBFMP
had higher risk of CVD (aHR 1.51, [95% CI 0.99-2.31]. This
pattern was also evident in Models 2, 3, and when High and
Low groups were classified based on mean pLBMP, pASMP, and
pBFMP of first and second health checkups (Suplementary
Table S1).

Results from the stratified analysis on the association of change
in predicted body composition with CVD according to subgroups
of age, CCI, and treatment pattern are shown in Table 3. In
comparison to the Low to Low group, subjects in the High to
High group, aged 60 or above, with less comorbidities, and who
had received hormone therapy, had significantly lower (for
pLBMP and pASMP) or higher risk (for pBFMP) of CVD. These
risks were not affected by subgroups of age, CCI, or treatment
pattern (p for interaction >0.05).

Figure 2 depicts the increased or decreased levels (changes) in
metabolic factors, namely, that of blood pressure, fasting serum
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glucose, and total cholesterol, in relation to predicted body
composition. Pertaining to changes in pLBMP and pASMP, the
Low to High group showed decreased sBP, dBP, total cholesterol,
and FSG, compared to the Low to Low group. Pertaining to
change in pBFMP, the Low to High group showed increased sBP,
dBP, total cholesterol, and FSG (aMean, 2.20 [95% CI,
1.15~3.25]; aMean, 1.10 [95% CI, 0.37-1.82]; aMean, 1.71 [95%
CI, —1.12~4.53]; and aMean, 4.39 [95% CI, 3.05-5.73]. This
pattern was also evident when comparing within those who
initially had high pLBMP, pASMP, or pBFMP. Those who
maintained high pLBMP and pASMP had decreased metabolic
markers compared to those who changed from high to low
pLBMP and pASMP; those who maintained high pBFMP had
increased metabolic markers compared to those who changed
from high to low pBFMP. In the case of change in total
cholesterol, total cholesterol decreased less in the High to High
group of pLBMP and pASMP (aMean, —0.64 [95% CI,
—3.12~1.84] and -0.59 [95% CI, -3.10~1.91],
respectively), compared to that of the Low to Low group while

aMean,

total cholesterol decreased more in the High to High group of
pBFMP (aMean, —4.72 [95% CI, —7.20~-2.23), compared to
that of the Low to Low group.

Discussion

In summary, having a persistently high predicted LBMP or
ASMP among breast cancer survivors was associated with lower
CVD risk than a persistently low predicted LBMP or ASMP,
persistently high predicted BFMP
among breast cancer survivors was associated with higher CVD
risk than persistently low predicted BFMP. Additionally, those
with a low to high change in pBFMP had a higher risk of CVD
than those with persistently low pBEMP. Changes in body

respectively. Conversely,

composition were accompanied by changes in metabolic markers.
To the best of the authors’ knowledge, this is the first study to
demonstrate the CVD risk with changes in body composition, by
distinguishing muscle mass and fat mass as predicted LBMP,
ASMP, and BEMP in breast cancer survivors.

Our findings are consistent with a previous study that
examined adiposity from CT scans taken near diagnosis and
subsequent CVD risk in breast cancer survivors (13). In this
previous study, visceral and intramuscular adiposity were
associated with increased CVD incidence, though only adiposity
was examined and at one-time point. Similarly, central obesity
was associated with higher all-cause and breast cancer-specific
mortality among Black breast cancer survivors (31); CVD nor
CVD-related mortality was observed in this study. In a cross-
sectional study of anthracycline chemotherapy for breast cancer
patients, greater thigh muscle fatty infiltration was associated
with impaired oxygen extraction, which is a predictor of CVD
morbidity and mortality (32). According to a study that observed
for change in BMI and waist circumference between diagnosis
and 24 months post-diagnosis in early-stage breast cancer
patients, weight change was not associated with risk of CVD,
while any elevation in waist circumference was associated with
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TABLE 1 Descriptive characteristics of the study population.

10.3389/fcvm.2023.1259292

Change in percentage of predicted lean body mass

Low % at baseline periods

High % at baseline periods

Low to Low Low to High High to Low High to High

Study population, N 16,462 3,497 2,890 17,246

% at baseline period, means (SD) 62.14 (1.87) 64.00 (0.84) 65.92 (0.81) 67.84 (2.01) <0.001

% at follow-up period, means (SD) 62.19 (1.89) 66.05 (0.88) 64.01 (0.84) 67.99 (2.08) <0.001

Change in %, means (SD) 0.05 (1.30) 2.06 (1.10) —1.91 (1.05) 0.16 (1.56) <0.001

Change in %, range —4.93, 4.95 0.00, 4.98 —4.95, —0.02 —4.99, 5.00

Age [years], mean (SD) 59.99 (9.18) 58.86 (8.71) 56.38 (8.56) 55.25 (8.10) <0.001

Age [years], N (%) <0.001
40-49 2,122 (12.9) 495 (14.2) 637 (22.0) 4,511 (26.2)

50-59 6,405 (38.9) 1,546 (44.2) 1,357 (47.0) 8,252 (47.8)
>60 7,935 (48.2) 1,456 (41.6) 896 (31.0) 4,483 (26.0)

Income, quartiles, N (%) <0.001
Ist (highest) 4,094 (24.9) 973 (27.8) 729 (25.2) 5,071 (29.4)
2nd 3,450 (21.0) 671 (19.2) 564 (19.5) 3,415 (19.8)
3rd 3,207 (19.5) 702 (20.1) 576 (19.9) 3,207 (18.6)
4th (lowest) 5,711 (34.7) 1,151 (32.9) 1,021 (35.3) 5,553 (32.2)

Smoking status, N (%) <0.001
Never-smoker 15,950 (96.9) 3,422 (97.9) 2,777 (96.1) 16,675 (96.7)

Past smoker 318 (1.9) 44 (1.3) 80 (2.8) 386 (2.2)
Current smoker 194 (1.2) 31 (0.9) 33 (1.1) 185 (1.1)

Alcohol consumption [times per week], N (%) <0.001

0 14,978 (91.0) 3,247 (92.8) 2,523 (87.2) 15,318 (88.8)
1-2 1,288 (7.8) 212 (6.1) 319 (11.0) 1,737 (10.1)
34 134 (0.8) 28 (0.8) 37 (1.3) 128 (0.7)

>5 62 (0.4) 10 (0.3) 11 (0.4) 63 (0.4)

Physical activity [times per week], N (%) <0.001

0 7,536 (45.8) 1,381 (39.5) 1,197 (41.4) 5,955 (34.5)
1-2 2,245 (13.6) 458 (13.1) 419 (14.5) 2,794 (16.2)
3.4 2,404 (14.6) 545 (15.6) 491 (17.0) 3,131 (18.2)

>5 4,277 (26.0) 1,113 (31.8) 783 (27.1) 5,366 (31.1)

BMI [kg/mz], mean (SD) 26.43 (2.55) 22.44 (0.85) 24.16 (1.01) 20.92 (1.50) <0.001

BMI [kg/m*], N (%) <0.001
<23.0 186 (1.1) 2,467 (70.6) 209 (7.2) 16,083 (93.3)
>23.0 16,276 (98.9) 1,030 (29.5) 2,681 (92.8) 1,163 (6.7)

Charlson comorbidity index, N (%) <0.001
<2 6,069 (36.9) 1,462 (41.8) 1,377 (47.6) 8,926 (51.8)

3-4 6,888 (41.8) 1,438 (41.1) 1,100 (38.1) 6,386 (37.0)
>5 3,505 (21.3) 597 (17.1) 413 (14.3) 1,934 (11.2)

Chemotherapy‘, N (%) 9,907 (60.2) 2,225 (63.6) 1,650 (57.1) 9,702 (56.3) <0.001
Doxorubicin 4,608 (28.0) 1,018 (29.1) 743 (25.7) 5,083 (29.5) <0.001
Cyclophosphamide 9,034 (54.9) 2,036 (58.2) 1,519 (52.6) 9,020 (52.3) <0.001
Paclitaxel 1,661 (10.1) 363 (10.4) 275 (9.5) 1,454 (8.4) <0.001

Radiation therapy, N (%) 11,197 (68.0) 2,448 (70.0) 1,940 (67.1) 11,550 (67.0) 0.003

Hormone therapy®, N (%) 12,163 (73.9) 2,563 (73.3) 2,191 (75.8) 12,820 (74.3) 0.093

Tamoxifen 6,878 (41.8) 1,545 (44.2) 1,582 (54.7) 9,508 (55.1) <0.001

Systolic BP [mmHg], mean (SD) 125.0 (14.7) 119.2 (14.9) 120.2 (13.6) 115.5 (14.0) <0.001

Diastolic BP [mmHg], mean (SD) 77.0 (9.5) 73.7 (9.5) 74.9 (9.1) 72.1 (9.3) <0.001

Total cholesterol [mg/dl], mean (SD) 194.0 (37.9) 191.7 (36.4) 196.5 (37.0) 191.5 (36.8) <0.001

Fasting serum glucose [mg/dl], mean (SD) 102.5 (23.6) 97.8 (20.57) 96.8 (16.1) 93.7 (15.2) <0.001

p-values calculated via Chi squared test for categorical variables and analysis of variance (ANOVA) for continuous variables.

SD, standard deviation; BMI, body mass index; BP, blood pressure.

°cyclophosphamide, trastuzumab, doxorubicin, epirubicin, docetaxel, paclitaxel, and cisplatin.

Ptamoxifen, anastrozole, and letrozole.

increased risk of CVD (12). As noted by the author, BMI and
weight change do not accurately represent body composition,
underscoring the significance of examining body composition

and changes in body composition.
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Having a high body fat mass percentage before initial breast

05

Although a low to high change in pBFMP showed a higher risk
of CVD than those with persistently low pBEMP, so did that of a
high to low change in pBFMP (both were not significant).
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TABLE 2 Hazard ratios for cardiovascular disease according to change in predicted body composition.

10.3389/fcvm.2023.1259292

Change in percentage of predicted body composition

Low % at baseline periods

High % at baseline periods

Low to Low
Change in pLBMP

Low to High High to Low

High to High

Study population, N 16,462 3,497 2,890 17,246
Percentage at baseline period [%], means (SD) 62.14 (1.87) 64.00 (0.84) 65.92 (0.81) 67.84 (2.01)
Percentage at follow-up period [%], means (SD) 62.19 (1.89) 66.05 (0.88) 64.01 (0.84) 68.00 (2.08)
CVD; events, N (%) 193 (1.17) 39 (1.12) 25 (0.87) 98 (0.57)

aHR (95% CI)

Model 1 1.00 (reference) 1.01 (0.72, 1.43) 0.96 (0.63, 1.45) 0.68 (0.53, 0.87)**
- - 1.00 (reference) 0.71 (0.46, 1.10)
Model 2 1.00 (reference) 1.04 (0.73, 1.46) 0.97 (0.64, 1.47) 0.69 (0.54, 0.89)**
- - 1.00 (reference) 0.72 (0.46, 1.10)
Model 3 1.00 (reference) 1.07 (0.76, 1.52) 0.97 (0.64, 1.48) 0.72 (0.56, 0.94)*

- 1.00 (reference)

0.74 (0.48, 1.16)

Change in pASMP

Study population, N 20,505 2,597 3,304 13,689
Percentage at baseline period [%], means (SD) 24.77 (0.80) 25.62 (0.31) 26.39 (0.33) 27.12 (0.77)
Percentage at follow-up period [%], means (SD) 24.71 (0.82) 26.38 (0.32) 25.58 (0.34) 27.08 (0.77)
CVD; events, N (%) 257 (1.25) 20 (0.77) 16 (0.48) 62 (0.45)

aHR (95% CI)

Model 1 1.00 (reference) 0.78 (0.49, 1.23) 0.55 (0.33, 0.92)* 0.60 (0.44, 0.81)***
- - 1.00 (reference) 1.09 (0.63, 1.89)

Model 2 1.00 (reference) 0.78 (0.50, 1.24) 0.56 (0.34, 0.93)* 0.61 (0.46, 0.83)**
- - 1.00 (reference) 1.10 (0.63, 1.91)

Model 3 1.00 (reference) 0.81 (0.51, 1.28) 0.56 (0.34, 0.94)* 0.65 (0.48, 0.87)**

- 1.00 (reference)

1.15 (0.66, 1.99)

Change in pBFMP

Study population, N 17,930 2,842 3,439 15,884

Percentage at baseline period [%], means (SD) 31.11 (2.01) 33.05 (0.82) 34.97 (0.80) 36.74 (1.82)
Percentage at follow-up period [%], means (SD) 30.96 (2.07) 34.95 (0.80) 32.92 (0.89) 36.70 (1.84)
CVD; events, N (%) 103 (0.57) 27 (0.95) 37 (1.08) 188 (1.18)

aHR (95% CI)

Model 1 1.00 (reference) 1.51 (0.99, 2.31) 1.44 (0.98, 2.10) 1.48 (1.15, 1.89)**
- - 1.00 (reference) 1.03 (0.72, 1.46)
Model 2 1.00 (reference) 1.50 (0.98, 2.30) 1.43 (0.98, 2.08) 1.44 (1.12, 1.85)%*
- - 1.00 (reference) 1.01 (0.71, 1.44)
Model 3 1.00 (reference) 1.44 (0.94, 2.21) 1.42 (0.97, 2.07) 1.38 (1.07, 1.78)*

- 1.00 (reference)

0.97 (0.68, 1.39)

Adjusted hazard ratios calculated by multivariable Cox proportional hazards regression analysis after adjustments for the following covariates.

Model 1. age, income, chemotherapy, radiation therapy, hormone therapy, and Charlson comorbidity index.

Model 2: Model 1 + smoking status, alcohol consumption, and physical activity.
Model 3: Model 2 + blood pressures, total cholesterol, and fasting serum glucose.

Acronyms: cardiovascular disease (CVD); predicted lean body mass percentage (pLBMP); predicted appendicular skeletal mass percentage (pASMP); predicted body fat

mass percentage (pBFMP); standard deviation (SD); hazard ratio (HR); confidence interval (Cl).

*p-value < 0.05, **p-value < 0.01, and ***p-value < 0.001.

cancer diagnosis or at any timepoint in cancer survivorship may be
decisive. Therefore, current results should be interpreted with
discretion, and further examination should be carried on CVD
risk according to changes in body fat mass percentage respective
to muscle mass percentage as well as changes in metabolic markers.

The associations of changes in predicted LBMP, ASMP, and
BFMP with CVD risk were statistically significant in the older or
healthier individuals, which is consistent with findings from a
previous study on young adults (14). Furthermore, these changes
were significant in breast cancer survivors who had a history of

Frontiers in Cardiovascular Medicine

hormone therapy. Although cardiovascular effects vary based on
the type and combination of hormone therapy, hormone therapy
is largely associated with an increased risk of stroke, coronary
heart disease, and notably, venous thromboembolism (33, 34).
Therefore, those who received hormone therapy, may benefit, in
terms of CVD prevention, from changes in LBMP, ASMP, and
BFMP.

The metabolic changes associated with changes in body
composition have been studied before (25). Similar findings in
breast cancer survivors were observed in our study. Increased or
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TABLE 3 Stratified analysis of hazard ratios for cardiovascular disease according to the subgroups of covariates.

Low % at baseline periods

Percentage of predicted body composition

High % at baseline periods

Pinteraction

Low to Low Low to High High to Low High to High
pLBMP
Age [years] 0.391
40-49 1.00 (reference) - 0.70 (0.08, 5.97) 0.56 (0.18, 1.76)
50-59 1.00 (reference) 0.96 (0.50, 1.85) 1.08 (0.56, 2.08) 0.76 (0.51, 1.14)
>60 1.00 (reference) 1.05 (0.69, 1.60) 0.88 (0.50, 1.55) 0.64 (0.436, 0.90)*
Charlson comorbidity index 0.990
1-3 1.00 (reference) 0.99 (0.62, 1.58) 0.97 (0.57, 1.64) 0.71 (0.52, 0.97)*
>4 1.00 (reference) 1.10 (0.66, 1.84) 0.98 (0.49, 1.96) 0.70 (0.46, 1.06)
Treatment pattern
Radiation therapy 0.836
Yes 1.00 (reference) 1.03 (0.66, 1.61) 0.95 (0.54, 1.66) 0.74 (0.54, 1.03)
No 1.00 (reference) 1.09 (0.64, 1.87) 1.00 (0.53, 1.88) 0.63 (0.42, 0.93)*
Chemotherapy 0.789
Yes 1.00 (reference) 1.09 (0.68, 1.73) 1.23 (0.71, 2.12) 0.75 (0.53, 1.07)
No 1.00 (reference) 0.98 (0.58, 1.64) 0.71 (0.37, 1.38) 0.63 (0.44, 0.91)**
Hormone therapy 0.520
Yes 1.00 (reference) 1.14 (0.76, 1.72) 1.04 (0.63, 1.71) 0.64 (0.47, 0.89)**
No 1.00 (reference) 0.85 (0.45, 1.62) 0.80 (0.37, 1.76) 0.78 (0.52, 1.17)
pASMP
Age [years] 0.069
40-49 1.00 (reference) 0.67 (0.08, 5.43) 0.45 (0.06, 3.65) 0.37 (0.12, 1.16)
50-59 1.00 (reference) 0.74 (0.36, 1.54) 0.42 (0.18, 0.98)* 0.68 (0.45, 1.02)
>60 1.00 (reference) 0.77 (0.42, 1.42) 0.66 (0.34, 1.28) 0.55 (0.35, 0.88)*
Charlson comorbidity index 0.305
1-3 1.00 (reference) 0.77 (0.42, 1.39) 0.62 (0.34, 1.13) 0.61 (0.42, 0.88)**
>4 1.00 (reference) 0.85 (0.41, 1.74) 0.43 (0.16, 1.18) 0.67 (0.40, 1.11)
Treatment pattern
Radiation therapy 0.520
Yes 1.00 (reference) 0.57 (0.29, 1.12) 0.47 (0.23, 0.97)* 0.61 (0.42, 0.90)*
No 1.00 (reference) 1.14 (0.61, 2.15) 0.69 (0.33, 1.42) 0.63 (0.39, 1.01)
Chemotherapy 0.988
Yes 1.00 (reference) 0.76 (0.41, 1.41) 0.54 (0.25, 1.17) 0.69 (0.46, 1.03)
No 1.00 (reference) 0.84 (0.43, 1.67) 0.58 (0.29, 1.15) 0.54 (0.35, 0.84)**
Hormone therapy 0.894
Yes 1.00 (reference) 0.66 (0.36, 1.23) 0.64 (0.35, 1.16) 0.60 (0.41, 0.86)**
No 1.00 (reference) 1.04 (0.52, 2.08) 0.40 (0.14, 1.08) 0.65 (0.39, 1.08)
pPBFMP
Age [years] 0.350
40-49 1.00 (reference) 1.25 (0.15, 10.46) 3.52 (0.70, 17.76) 1.92 (0.61, 6.06)
50-59 1.00 (reference) 1.77 (0.96, 3.28) 1.47 (0.78, 2.78) 1.33 (0.88, 2.01)
>60 1.00 (reference) 1.30 (0.70, 2.38) 1.38 (0.84, 2.25) 1.49 (1.08, 2.07)*
Charlson comorbidity index 0.900
1-3 1.00 (reference) 1.45 (0.85, 2.46) 1.35 (0.82, 2.23) 1.42 (1.04, 1.94)*
>4 1.00 (reference) 1.53 (0.75, 3.11) 1.47 (0.82, 2.65) 1.41 (0.93, 2.12)
Treatment pattern
Radiation therapy 0.892
Yes 1.00 (reference) 1.38 (0.78, 2.42) 1.27 (0.77, 2.09) 1.34 (0.98, 1.86)
No 1.00 (reference) 1.68 (0.88, 3.20) 1.73 (0.97, 3.09) 1.57 (1.06, 2.31)*
Chemotherapy 0.914
Yes 1.00 (reference) 1.78 (1.01, 3.12)* 1.39 (0.84, 2.32) 1.36 (0.96, 1.92)
No 1.00 (reference) 1.20 (0.63, 2.31) 1.46 (0.83, 2.58) 1.54 (1.08, 2.20)*
Hormone therapy 0.422
Yes 1.00 (reference) 1.60 (0.95, 2.71) 1.57 (0.98, 2.51) 1.55 (1.14, 2.13)**
No 1.00 (reference) 1.31 (0.64, 2.71) 1.22 (0.64, 2.34) 1.26 (0.84, 1.90)

Adjusted hazard ratios calculated by multivariable Cox proportional hazards regression analysis after adjustments for the following covariates: age, income, chemotherapy,

radiation therapy, hormone therapy, Charlson comorbidity index, smoking status, alcohol consumption, and physical activity.

Acronyms: cardiovascular disease (CVD); predicted lean body mass percentage (pLBMP); predicted appendicular skeletal mass percentage (pASMP); predicted body fat

mass percentage (pBFMP); hazard ratio (HR); confidence interval (Cl).

*p-value < 0.05, **p-value <0.01, and ***p-value < 0.001 compared to the Low to Low group.
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FIGURE 2
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Changes in metabolic factors related to CVD according to predicted body composition. Adjusted mean of change in systolic blood pressure (sBP),
diastolic blood pressure (dBP), total cholesterol (TC), and fasting serum glucose (FSG) according to changes in percentage of predicted (A) lean body
mass, (B) appendicular skeletal muscle mass, and (C) body fat mass. Adjusted mean and 95% confidence interval (95% CI) calculated by multiple
linear regression after adjustments for the following covariates: age, income, chemotherapy, radiation therapy, hormone therapy, Charlson
comorbidity index, smoking status, alcohol consumption, and physical activity. The values inside the table indicate adjusted means and 95% Cl. The
relative difference of adjusted mean compared to the reference group is expressed in respective heat maps. Red indicates higher value, whereas
green indicates lower value.
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persistently high (compared to a high to low change in) predicted
LBMP and ASMP were associated with decreased blood pressure,
fasting serum glucose, and total cholesterol. Conversely, increased
or persistently high (compared to a high to low change in)
predicted BEMP was associated with increased blood pressure,
fasting serum glucose, and total cholesterol. Indeed, adipose
tissue inflammation includes insulin resistance, alterations in
lipid metabolism, and blood pressure regulation, favoring
endothelial dysfunction and atherogenesis (15). Skeletal muscle
tissue, another endocrine organ that produces myokines, is also
involved in the complex network related to metabolic functions
(35). Myokines such as irisin and fibroblast growth factor-21
(FGF-21) are induced by physical exercise and increase insulin
sensitivity and in the case of FGF-21, acts on lipolysis; apelin not
only has an anti-inflammatory role but also controls cardiac
muscles and blood pressure. However, further research is needed
to investigate the joint effects of adiposity, muscle mass, and the
crosstalk between respective cytokines (36).

Our study is not without limitations. Prediction equations were
used to measure body composition, which may be imperfect for
patients with cancer and difficult to apply to other ethnicities.
However, a previous large validation study in the same ethnic
group was conducted and showed high predictive values. In
addition, in previous studies using the same equations, similar
changes in body composition (increase in body fat mass and
decrease in appendicular skeletal mass or lean body mass) were
associated with an increased risk of metabolic syndrome and
CVD in young adults (14, 25). Utilizing prediction questions
may not only be less costly but also overcome the limitations of
applying (cut-offs).
Furthermore, the study was not inclusive of cardiovascular

independent  anthropometric  indices
biomarkers associated with adiposity (37). Therefore, future
exploration on delineating associated immunometabolic pathways
may provide insight on the progression from changes in body
composition to CVD in breast cancer survivors. A major
strength of our study is the large study population, considering
that it was limited to 5-year breast cancer survivors. Changes in
predicted body composition were observed as percentages, which
may be clinically more meaningful, and were inclusive of both
adiposity and muscle mass. Though it is unknown whether
positive changes in body composition may reverse CVD risk,
body composition is not unmodifiable, with lifestyle modification
including physical activity and adequate nutrition; adhering to a
healthy lifestyle showed to be particularly beneficial for those
with a high genetic risk for CVD (38). In conclusion, among
breast cancer survivors, persistently high muscle mass,
represented as predicted LBMP or ASMP, was associated with
lower CVD risk. Preventing an increase in fat mass may be
beneficial in preventing CVD in breast cancer survivors, as a part

of cancer survivorship.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: The datasets generated and/or analyzed

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1259292

during the current study are not publicly available due to
institutional policy but are available from the corresponding
author upon reasonable request. Requests to access these datasets
should be directed to Jihun Song, jih2616@naver.com.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board (IRB) of Seoul National University
Hospital. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation was not required from the participants
or the participants’ legal guardians/next of kin in accordance
with the national legislation and institutional requirements.

Author contributions

JK: Conceptualization, Formal Analysis, Investigation, Project
administration, Writing - original draft, Writing - review &
editing. SP: Conceptualization, Supervision, Writing - review &
editing. JS: Data curation, Formal Analysis, Investigation,
Methodology, Writing - original draft, Writing - review &
editing. SC: Conceptualization, Data curation, Writing — review

& editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1259292/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2023.1259292/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1259292/full#supplementary-material
https://doi.org/10.3389/fcvm.2023.1259292
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Kim et al.

References

1. Jones DH, Nestore M, Henophy S, Cousin J, Comtois AS. Increased
cardiovascular risk factors in breast cancer survivors identified by routine
measurements of body composition, resting heart rate and arterial blood pressure.
Springerplus. (2014) 3:150. doi: 10.1186/2193-1801-3-150

2. Mehta LS, Watson KE, Barac A, Beckie TM, Bittner V, Cruz-Flores S, et al.
Cardiovascular disease and breast cancer: where these entities intersect: a scientific
statement from the American heart association. Circulation. (2018) 137:¢30-66.
doi: 10.1161/CIR.0000000000000556

3. Coughlin SS, Ayyala D, Majeed B, Cortes L, Kapuku G. Cardiovascular disease
among breast cancer survivors. Cardiovasc Disord Med. (2020) 2(1). doi: 10.31487/j.
¢dm.2020.01.01

4. Irwin ML, Mctiernan A, Baumgartner RN, Baumgartner KB, Bernstein L,
Gilliland FD, et al. Changes in body fat and weight after a breast cancer diagnosis:
influence of demographic, prognostic, and lifestyle factors. J Clin Oncol. (2005)
23:774-82. doi: 10.1200/JC0O.2005.04.036

5. Vance V, Mourtzakis M, Mccargar L, Hanning R. Weight gain in breast cancer
survivors: prevalence, pattern and health consequences. Obes Rev. (2011) 12:282-94.
doi: 10.1111/j.1467-789X.2010.00805.x

6. Trestini I, Carbognin L, Monteverdi S, Zanelli S, De Toma A, Bonaiuto C, et al.
Clinical implication of changes in body composition and weight in patients with early-
stage and metastatic breast cancer. Crit Rev Oncol Hematol. (2018) 129:54-66. doi: 10.
1016/j.critrevonc.2018.06.011

7. Visovsky C. Muscle strength, body composition, and physical activity in women
receiving chemotherapy for breast cancer. Integr Cancer Ther. (2006) 5:183-91.
doi: 10.1177/1534735406291962

8. Lei Y-Y, Ho SC, Kwok C, Cheng A, Cheung KL, Lee R, et al. Weight and waist-to-
hip ratio change pattern during the first five years of survival: data from a longitudinal
observational Chinese breast cancer cohort. BMC Cancer. (2021) 21:839. doi: 10.1186/
512885-021-08554-5

9. Anderson AS, Martin RM, Renehan AG, Cade J, Copson ER, Cross AJ, et al.
Cancer survivorship, excess body fatness and weight-loss intervention-where are we
in 2020? Br ] Cancer. (2021) 124:1057-65. doi: 10.1038/s41416-020-01155-2

10. Nichols HB, Trentham-Dietz A, Egan KM, Titus-Ernstoff L, Holmes MD, Bersch
AJ, et al. Body mass index before and after breast cancer diagnosis: associations with
all-cause, breast cancer, and cardiovascular disease mortality. Cancer Epidemiol
Biomarkers Prev. (2009) 18:1403-9. doi: 10.1158/1055-9965.EPI-08-1094

11. Chan DSM, Vieira AR, Aune D, Bandera EV, Greenwood DC, Mctiernan A,
et al. Body mass index and survival in women with breast cancer-systematic
literature review and meta-analysis of 82 follow-up studies. Ann Oncol. (2014)
25:1901-14. doi: 10.1093/annonc/mdu042

12. Cespedes Feliciano EM, Kwan ML, Kushi LH, Weltzien EK, Castillo AL, Caan
BJ. Adiposity, post-diagnosis weight change, and risk of cardiovascular events
among early-stage breast cancer survivors. Breast Cancer Res Treat. (2017)
162:549-57. doi: 10.1007/s10549-017-4133-8

13. Feliciano EMC, Chen WY, Bradshaw PT, Prado CM, Alexeeff S, Albers KB, et al.
Adipose tissue distribution and cardiovascular disease risk among breast cancer
survivors. J Clin Oncol. (2019) 37:2528-36. doi: 10.1200/JC0O.19.00286

14. Kim SR, Lee G, Choi S, Oh YH, Son JS, Park M, et al. Changes in predicted lean
body mass, appendicular skeletal muscle mass, and body fat mass and cardiovascular
disease. J Cachexia Sarcopenia Muscle. (2022b) 13:1113-23. doi: 10.1002/jcsm.12962

15. Antonopoulos AS, Tousoulis D. The molecular mechanisms of obesity paradox.
Cardiovasc Res. (2017) 113:1074-86. doi: 10.1093/cvr/cvx106

16. Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: the national health
insurance service-national sample cohort (NHIS-NSC), South Korea. Int
] Epidemiol. (2017) 46:e15. doi: 10.1093/ije/dyv319

17. Park JW, Han K, Shin DW, Yeo Y, Chang JW, Yoo JE, et al. Obesity and breast
cancer risk for pre- and postmenopausal women among over 6 million Korean women.
Breast Cancer Res Treat. (2021) 185:495-506. doi: 10.1007/s10549-020-05952-4

18. Theis KA, Roblin DW, Helmick CG, Luo R. Prevalence and causes of work
disability among working-age U.S. Adults, 2011-2013, NHIS. Disabil Health ].
(2018) 11:108-15. doi: 10.1016/j.dhjo.2017.04.010

19. Yang S, Kwak S, Lee JH, Kang S, Lee SP. Nonalcoholic fatty liver disease is an
early predictor of metabolic diseases in a metabolically healthy population. PLoS
One. (2019) 14:0224626. doi: 10.1371/journal.pone.0224626

20. Kim KH, Choi S, Kim K, Chang J, Kim SM, Kim SR, et al. Association between
physical activity and subsequent cardiovascular disease among 5-year breast cancer

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2023.1259292

survivors. Breast Cancer Res Treat. (2021) 188:203-14. doi: 10.1007/s10549-021-
06140-8

21. Cho JH, Rhee EJ, Park SE, Kwon H, Jung JH, Han KD, et al. The risk of
myocardial infarction and ischemic stroke according to Waist circumference in
21,749,261 Korean adults: a nationwide population-based study. Diabetes Metab J.
(2019) 43:206-21. doi: 10.4093/dmj.2018.0039

22. Lee SH, Kim KY, Lee JW, Park SJ, Jung JM. Risk of ischaemic stroke in patients
with transient global amnesia: a propensity-matched cohort study. Stroke Vasc Neurol.
(2022) 7:101-7. doi: 10.1136/svn-2021-001006

23. Lee G, Chang ], Hwang SS, Son JS, Park SM. Development and validation of
prediction equations for the assessment of muscle or fat mass using anthropometric
measurements, serum creatinine level, and lifestyle factors among Korean adults.
Nutr Res Pract. (2021) 15:95-105. doi: 10.4162/nrp.2021.15.1.95

24. Hong C, Choi S, Park M, Park SM, Lee G. Body composition and osteoporotic
fracture using anthropometric prediction equations to assess muscle and fat masses.
J Cachexia Sarcopenia Muscle. (2021) 12:2247-58. doi: 10.1002/jcsm.12850

25. Oh YH, Choi S, Lee G, Son JS, Kim KH, Park SM. Changes in body composition
are associated with metabolic changes and the risk of metabolic syndrome. J Clin Med.
(2021) 10(4):745. doi: 10.3390/jcm10040745

26. Knowles R, Carter J, Jebb SA, Bennett D, Lewington S, Piernas C. Associations of
skeletal muscle mass and fat mass with incident cardiovascular disease and all-cause
mortality: a prospective cohort study of UK biobank participants. | Am Heart
Assoc. (2021) 10:e019337. doi: 10.1161/JAHA.120.019337

27. Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New
ICD-10 version of the charlson comorbidity index predicted in-hospital mortality.
J Clin Epidemiol. (2004) 57:1288-94. doi: 10.1016/j.jclinepi.2004.03.012

28. Florescu DR, Nistor DE. Therapy-induced cardiotoxicity in breast cancer
patients: a well-known yet unresolved problem. Discoveries (Craiova). (2019) 7:e89.
doi: 10.15190/d.2019.2

29. ChungIY, Lee ], Park S, Lee JW, Youn HJ, Hong JH, et al. Nationwide analysis of
treatment patterns for Korean breast cancer survivors using national health insurance
service data. ] Korean Med Sci. (2018) 33:e276. doi: 10.3346/jkms.2018.33.e276

30. Reaven GM. Insulin resistance: the link between obesity and cardiovascular
disease. Endocrinol Metab Clin North Am. (2008) 37:581-601, vii-viii. doi: 10.1016/
j-ec1.2008.06.005

31. Bandera EV, Qin B, Lin Y, Zeinomar N, Xu B, Chanumolu D, et al. Association
of body mass index, central obesity, and body composition with mortality among
black breast cancer survivors. JAMA Oncol. (2021) 7:1-10. doi: 10.1001/jamaoncol.
2021.1499

32. Kirkham AA, Haykowsky M]J, Beaudry RI, Grenier JG, Mackey JR, Pituskin E,
et al. Cardiac and skeletal muscle predictors of impaired cardiorespiratory fitness
post-anthracycline chemotherapy for breast cancer. Sci Rep. (2021) 11:14005.
doi: 10.1038/s41598-021-93241-5

33. Okwuosa TM, Morgans A, Rhee J-W, Reding KW, Maliski S, Plana J-C, et al.
Impact of hormonal therapies for treatment of hormone-dependent cancers (breast
and prostate) on the cardiovascular system: effects and modifications: a scientific
statement from the American heart association. Circulation. (2021) 14:e000082.
doi: 10.1161/HCG.0000000000000082

34. Kim JE, Choi J, Park J, Han W, Kang D, Choi JY. Effects of endocrine therapy on
cardiovascular diseases and type 2 diabetes among breast cancer survivors: the
national health insurance service database of Korea. ] Am Heart Assoc. (2022a) 11:
€026743. doi: 10.1161/JAHA.122.026743

35. De Oliveira Dos Santos AR, De Oliveira Zanuso B, Miola VFB, Barbalho SM,
Santos Bueno PC, Flato UP, et al. Adipokines, myokines, and hepatokines: crosstalk
and metabolic repercussions. Int ] Mol Sci. (2021) 22(5):2639. doi: 10.3390/ijms22052639

36. Caan BJ, Meyerhardt JA, Kroenke CH, Alexeeff S, Xiao J, Weltzien E, et al.
Explaining the obesity paradox: the association between body composition and
colorectal cancer survival (C-SCANS study). Cancer Epidemiol Biomarkers Prev.
(2017) 26:1008-15. doi: 10.1158/1055-9965.EPI-17-0200

37. Lau ES, Paniagua SM, Zarbafian S, Hoffman U, Long MT, Hwang SJ, et al.
Cardiovascular biomarkers of obesity and overlap with cardiometabolic dysfunction.
] Am Heart Assoc. (2021) 10:020215. doi: 10.1161/JAHA.120.020215

38. Peng H, Wang S, Wang M, Wang X, Guo H, Huang J, et al. Lifestyle factors,
genetic risk, and cardiovascular disease risk among breast cancer survivors: a
prospective cohort study in UK biobank. Nutrients. (2023) 15(4):864. doi: 10.3390/
nul5040864

frontiersin.org


https://doi.org/10.1186/2193-1801-3-150
https://doi.org/10.1161/CIR.0000000000000556
https://doi.org/10.31487/j.cdm.2020.01.01
https://doi.org/10.31487/j.cdm.2020.01.01
https://doi.org/10.1200/JCO.2005.04.036
https://doi.org/10.1111/j.1467-789X.2010.00805.x
https://doi.org/10.1016/j.critrevonc.2018.06.011
https://doi.org/10.1016/j.critrevonc.2018.06.011
https://doi.org/10.1177/1534735406291962
https://doi.org/10.1186/s12885-021-08554-5
https://doi.org/10.1186/s12885-021-08554-5
https://doi.org/10.1038/s41416-020-01155-2
https://doi.org/10.1158/1055-9965.EPI-08-1094
https://doi.org/10.1093/annonc/mdu042
https://doi.org/10.1007/s10549-017-4133-8
https://doi.org/10.1200/JCO.19.00286
https://doi.org/10.1002/jcsm.12962
https://doi.org/10.1093/cvr/cvx106
https://doi.org/10.1093/ije/dyv319
https://doi.org/10.1007/s10549-020-05952-4
https://doi.org/10.1016/j.dhjo.2017.04.010
https://doi.org/10.1371/journal.pone.0224626
https://doi.org/10.1007/s10549-021-06140-8
https://doi.org/10.1007/s10549-021-06140-8
https://doi.org/10.4093/dmj.2018.0039
https://doi.org/10.1136/svn-2021-001006
https://doi.org/10.4162/nrp.2021.15.1.95
https://doi.org/10.1002/jcsm.12850
https://doi.org/10.3390/jcm10040745
https://doi.org/10.1161/JAHA.120.019337
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://doi.org/10.15190/d.2019.2
https://doi.org/10.3346/jkms.2018.33.e276
https://doi.org/10.1016/j.ecl.2008.06.005
https://doi.org/10.1016/j.ecl.2008.06.005
https://doi.org/10.1001/jamaoncol.2021.1499
https://doi.org/10.1001/jamaoncol.2021.1499
https://doi.org/10.1038/s41598-021-93241-5
https://doi.org/10.1161/HCG.0000000000000082
https://doi.org/10.1161/JAHA.122.026743
https://doi.org/10.3390/ijms22052639
https://doi.org/10.1158/1055-9965.EPI-17-0200
https://doi.org/10.1161/JAHA.120.020215
https://doi.org/10.3390/nu15040864
https://doi.org/10.3390/nu15040864
https://doi.org/10.3389/fcvm.2023.1259292
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Changes in body composition and subsequent cardiovascular disease risk among 5-year breast cancer survivors
	Background
	Methods
	Data source and study population
	Breast cancer survival and cardiovascular diseases
	Key variables
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


