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Abstract

PURPOSE—L.ittle research examines whether adiposity or post-diagnosis weight changes
influence CVD among breast cancer patients for whom effects may differ due to treatment and
recovery.

METHODS—We studied Stage I-I11 breast cancer survivors 18-<80 years, without pre-existing
CVD, diagnosed from 1997-2013 at Kaiser Permanente. Women reported weight at diagnosis and
weight and waist circumference (WC) around 24 months post-diagnosis. Using Cox models for
time to incident coronary artery disease, heart failure, valve abnormality, arrhythmia, stroke, or
CVD death, we examined at-diagnosis body mass index (BMI, n=3,109) and post-diagnosis WC
(n=1,898) and weight change (n=1,903, stable, £5-<10-lbs or +>=10-Ibs).

RESULTS—Mean (SD) age was 57 (11) years and BMI was 28 (6) kg-m2. Post-diagnosis, 25%
of women gained and 14% lost =10-Ibs; mean (SD) WC was 90 (15) cm. Over a median of 8.28
years, 915 women developed CVD. BMI 25-30-kg/m? (versus BM1<25-kg/m?) was not associated
with CVD while BMI=35-kg/m? increased risk by 33% (HR:1.33; 95%CI:1.08-1.65), independent
of lifestyle and tumor/treatment factors. The increased risk at BMI>35-kg/m? attenuated with
adjustment for pre-existing CVD risk factors to HR:1.20; 95%CI:0.97-1.50. By contrast, even
moderate elevations in WC increased risk of CVD, independent of pre-existing risk factors (HR:
1.93; 95%Cl:1.31-2.84 comparing =100-cm versus <80-cm). Post-diagnosis weight change had no
association with CVD.

CONCLUSION—Extreme adiposity and any elevation in WC increased risk of CVD among
breast cancer survivors; however, changes in weight in the early post-diagnosis period were not
associated with CVD. Survivors with high WC and existing CVD risk factors should be
monitored.
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INTRODUCTION

Cardiovascular disease (CVD) is one of the leading causes of death among early-stage breast
cancer patients,[1] and some studies suggest survivors may be at increased risk relative to
women without a breast cancer history.[2,3] Potential reasons for excess risk include direct
effects of treatment (e.g., radiation-induced cardiovascular injury and cardio-toxic effects of
systemic therapies) and indirect effects (e.g, de-conditioning). CVD and cancer share
common risk factors.[4] Thus, rates of CVD among survivors are likely to increase with
improvements in cancer-specific survival and increasing cancer incidence in the aging
population, threatening future gains in quality of life and overall survival.

The increasing burden of CVD after breast cancer gives urgent clinical importance to
identifying interventions to reduce CVD among survivors. As obesity and elevated waist
circumference (WC) increase CVD risk in adults without cancer history,[5] lifestyle
modification, including weight loss, has been suggested for overweight breast cancer
survivors.[6] Yet, prior research suggests that large changes in bodyweight after cancer
diagnosis — gains, but also losses - are associated with reduced survival[7-12] and higher
rates of CVVD mortality[11] among breast cancer survivors. This raises the possibility that
the relationship of adiposity and weight change to CVD among breast cancer survivors could
differ from that in women without a cancer history due to treatment effects and the demands
of the cancer process. Understanding whether adiposity and weight change at and after
diagnosis influence survivors’ CVD risk will inform treatment decisions and targeted
lifestyle interventions to improve overall survival and management of co-morbidities.

To date, studies among breast cancer survivors have examined at-diagnosis body mass index
(BMI) and broad outcomes such as all-cause mortality without detailed assessment of CVD
morbidity or death due to CVD. Additionally, whether weight change after diagnosis
influences CVD among early-stage patients has not been examined. This study of early-
stage breast cancer patients addresses this gap by examining whether BMI and WC and/or
changes in weight after diagnosis predict incident CVD. Importantly, we examine individual
CVD endpoints including heart failure (HF) and coronary artery disease (CAD) and consider
detailed adjustment for cancer treatments, lifestyle behaviors, and pre-existing CVD risk
factors.

METHODS

Population and setting

Participants were drawn from a well-characterized population of Kaiser Permanente
Northern California (KPNC) health plan members enrolled in two prospective cohorts with
similar characteristics: LACE [19]) and Pathways [20]. The 2,135 LACE participants were
diagnosed with breast cancer (AJCC stage I-111A) from 1997-2000 and were 18-79 years
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old. Women enrolled within 39-months (mean [standard deviation, SD] months from
diagnosis to enrollment was 21.96 [6.49]), had completed adjuvant therapy if received, and
had no prior cancer history within 5 years. Pathways enrolled 4,505 women diagnosed with
AJCC Stage I-1V breast cancer from 2006-2013 with no invasive cancer history, and were at
least 21 years old. Women enrolled within 2-months (mean [SD] months from diagnosis to
enrollment was 1.89 [0.69]). Participants provided informed consent under human subjects’
protocols approved by the institutional review boards at KPNC.

Weight, waist circumference and other covariates

Demographic and cancer risk factors were collected at enrollment via mailed questionnaire
or in-person interview, and included age at breast cancer diagnosis, race/ethnicity, education,
menopausal status, smoking, moderate-vigorous physical activity (metabolic equivalent
(MET)-hours/week), and dietary intake assessed via food frequency questionnaire.

At enrollment, LACE women reported their current weight and height and recalled their
weight 12 months before diagnosis. Pathways women reported weight and height at similar
time points by completing an enrollment questionnaire and 24-month follow-up
questionnaire (mean [SD] months from diagnosis to follow-up questionnaire was 26.08
[2.05]).

From the first reported weights and heights, we computed “at-diagnosis” BMI according to
WHO guidelines in kilograms divided by meters squared (kg/m2): normal-weight (18.5-
<25-kg/m2), overweight (25-<30- kg/m2), Class | obesity, (30-<35-kg/m2), and Class II/111
obesity (=35-kg/m2). We further computed “post-diagnosis weight change” by subtracting
the first (around diagnosis) reported weight from the second (around 24 months post-
diagnosis) reported weight. Post-diagnosis weight change was categorized: stable (x5-
pounds of diagnosis weight), small gains or losses (>5-<10-pounds), and large gains or
losses (=10-pounds). In sensitivity analysis we considered relative changes (i.e., 5%, and
gains and losses of 5-<10% or of =10%).

We also examined WC, which was available at the 24 month post-diagnosis assessments.
Women were mailed tape measures and recorded WC in centimeters (cm) one inch above
the navel according to a standardized protocol.

Of the 3,619 women who met inclusion criteria for this analysis (Stage I-111, <80 years old,
and a KPNC member at diagnosis), we excluded 428 women with CVD events prior to
enrollment; 63 women who were underweight BMI (<18.5-kg/m2) at diagnosis; and 19
lacking chemotherapy information, making our analytic sample for at-diagnosis BMI
n=3,109. For post-diagnosis weight change, we excluded an additional 1,206 women
missing a second weight measurement, leaving n=1,903. For WC, we excluded 5 additional
women without waist measurements, leaving n=1,898. Women excluded due to missing data
were similar in age, stage, and BMI to those included, but less likely to be non-Hispanic
white (64% versus 72%).
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Cardiovascular Disease End Points

The primary endpoint was the first occurrence of any newly diagnosed CVD event: coronary
artery disease (CAD, nonfatal myocardial infarction or death from coronary causes), heart
failure (HF), valve abnormality, arrhythmia, stroke, or CVD death, occurring after the
exposure assessment (study enrollment for at-diagnosis BMI or 24-month follow-up for WC
and weight change). CVD was continually updated in real time in the Electronic Medical
Record (EMR) for all health plan members. All CVD events were ascertained using
standardized International Classification of Diseases codes for CVD conditions and CVD
death (Supplemental Table 2). Cause of death was from death certificates supplemented with
medical records.

Statistical Analysis

Women were followed from the enrollment through July 2015 until first occurrence of CVD
or CVD death unless censored due to death from other causes or dis-enrolling from the
health plan. Cox proportional hazards regression was used to estimate the hazard ratios
(HRs) and 95% confidence intervals (Cls) for the association between at-diagnosis BMI and
post-diagnosis WC and changes in weight and incidence of CVD or CVD death, adjusted for
covariates. CAD and HF were treated as individual endpoints in secondary analyses.
Covariates were ascertained from enrollment questionnaires, medical chart review, the EMR
and tumor registry abstraction, and were: age (<60, <70, and 70 years), race/ethnicity (non-
Hispanic white, black, Hispanic/Latino, Asian/Pacific Islander or other), menopausal status,
smoking status (current, former or never), tumor stage (I, 11 or I11), adjuvant therapy
(chemotherapy [no chemotherapy, doxorubicin or non—doxorubicin-containing regimens],
and/or radiation), and the presence of CVD risk factors at diagnosis (hypertension, diabetes,
hyperlipidemia, and/or peripheral vascular disease). The time scale in regression models and
for calculation of unadjusted Kaplan-Meier survivor functions was time since the weight or
waist assessment date (e.g., diagnosis for at-diagnosis BMI, and the date of 24-month
follow-up questionnaire return for the post-diagnosis weight change or WC exposures)
allowing for delayed entry into the cohort (with study entry ranging from 0 to 3 years post-
diagnosis).

Due to similar results when stratifying by study (LACE or Pathways) and lack of a
significant interaction with the exposures of interest, we combined the two for analysis.
Further, study was not associated with CVD and adjustment for study did not alter results;
this covariate was omitted from multivariable models.

Additionally, we examined whether associations differed between subgroups defined by
cancer treatment (receipt of chemotherapy and/or radiotherapy), and, for post-diagnosis
weight change, by at-diagnosis BMI category. In sensitivity analyses, we accounted for
competing risks using the %PSHREG macro to fit the proportional sub-distribution hazards
model (Fine and Gray, 1999).[13-16] We considered omitting CVD events in the first year
of follow-up, and including additional treatment (endocrine and HER2—-directed therapy)
and dietary (total energy intake [kilocalories/day] and fruit/vegetable intake [servings/day])
covariates in multivariable models. Results were similar; as such, only data from the primary
analyses are presented.
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Statistical analyses were conducted using SAS Version 9.3 (SAS Institute, Cary, NC). A
significance probability <0.05 was considered statistically significant. Proportional hazards
were assessed through product terms between the exposures and logged follow-up time; no
violations were detected. All statistical inferences were two-sided.

RESULTS

As shown in Table 1, mean (SD) age at diagnosis was 57 (11) years, BMI was 28 (6) kg/m2,
WC was 90 (15) cm. One quarter (25%) of women gained =10-Ibs and 14% lost >10-Ibs.
Half of women had stage | cancer, and half had pre-existing CVD risk factors at diagnosis
including diabetes, hyperlipidemia, hypertension or peripheral vascular disease. Compared
to leaner breast cancer survivors, obese women were less likely to be physically active and
more likely to have pre-existing CVD risk factors at diagnosis and to be black or Hispanic/
Latina. Normal-weight survivors were more likely to be pre-menopausal and to gain weight
following diagnosis.

Over a median follow-up of 8.28 years, we observed 915 incident CVD events, including
336 cases of HF and 222 of CAD. Figure 1A shows the unadjusted survivorship function for
CVD-free survival by BMI at diagnosis: women who were normal-weight at diagnosis
survived the longest without developing CVD, whereas CVVD-free survival was shortest
among obese women (all log-rank p-values<0.05). Similarly, women with WC=80 cm were
more likely to develop CVD than those with WC<80 cm (all log-rank p-values<0.05,
Supplemental Figure 1A). Similar patterns were observed for CAD and HF.

Table 2 shows the association of at-diagnosis BMI and subsequent CVD. In models adjusted
for race/ethnicity, age and menopausal status, increasing BMI was associated with risk of
CVD in a dose-response fashion: women with Class | obesity experienced a 23% increased
risk (HR: 1.23; 95%Cl: 1.01-1.48) and women with Class I1/111 obesity experienced a 44%
increased risk (HR: 1.44; 95%Cl: 1.17-1.78). After adjustment for lifestyle, tumor and
treatment factors, these risks attenuated substantially, and after adjustment for pre-existing
CVD risk factors at diagnosis only the trend remained statistically significant: the HR per 5-
kg/m2 was 1.07; 95%CI: 1.01-1.14. Results were similar across CVD endpoints, though
slightly stronger for CAD than HF (Figure 2; Supplemental Table 1). There was little
evidence that associations differed by receipt of chemotherapy (Supplemental Table 3).

Table 3 shows that post-diagnosis WC was associated with subsequent CVD among the
subset of n=1,898 women with available data (median follow-up time was 6.90 years, with
596 CVD events). Even after adjustment for pre-existing CVD risk factors, women with
extreme abdominal obesity experienced an almost 2-fold increase in CVD risk (the HR
comparing WC =100cm to <80 cm was 1.93; 95%Cl: 1.31-2.84). Results were similar for
individual CVD endpoints (Supplemental Table 1).

Table 4 shows associations of post-diagnosis weight change with subsequent CVD. In this
subset of n=1,903 women with weight measurements around diagnosis and 24 months post-
diagnosis, median follow-up time after the weight change period was 6.89 years, with 599
CVD events. Most women maintained body weight (£5-Ibs: 38%) or gained weight (39%);
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23% of women lost =5 Ibs following diagnosis. Women who gained weight following
diagnosis were younger and less likely to have reached menopause or to have pre-existing
CVD risk factors at diagnosis (data not shown). Post-diagnosis weight change was not
associated with subsequent CVD. In models adjusted for age, race/ethnicity and menopausal
status, there was the suggestion of a U-shaped relationship between large gains or losses in
bodyweight and CVD (compared to stable weight, the HR for =10-1b losses was 1.20;
95%Cl: 0.93-1.56 and the HR for 210-Ib gains was 1.13; 95%CI: 0.90-1.43). These HRs
became attenuated substantially after adjustment for lifestyle, tumor and treatment factors.
There was no evidence that at-diagnosis BMI modified the association of post-diagnosis
weight change and subsequent CVD: results were similar across BMI subgroups
(Supplemental Table 4).

When post-diagnosis weight changes were modeled as a percentage, results were similar.
Analyses accounting for competing risks due to patients dying of other causes (e.g., breast
cancer) before developing CVD vyielded similar estimates for all exposures.

DISCUSSION

In this prospective study of n=3,109 early-stage breast cancers survivors, nearly 30% of
patients had an incident CVD event following diagnosis. Examining at-diagnosis BMI, an
increased risk of CVD emerged with Class I1/111 obesity (BMI =35-kg/m?), and was largely
explained by pre-existing CVD risk factors. However, even moderate elevations in WC
strongly increased risk of CVD independent of pre-existing risk factors, suggesting central
adiposity is a more salient measure of CVD risk among breast cancer survivors. We found
little indication that weight changes during the early post-diagnosis period influenced CVD
risk. While we did not have information on the intentionality of weight loss, our results do
not support a CVD benefit of weight loss in the early post-diagnosis period, regardless of at-
diagnosis BMI.

Our study is the first to examine adiposity, weight change and risk of incident CVD
including CAD and HF among breast cancer survivors controlling for lifestyle, cancer-
related and preexisting CVD risk factors, making few studies directly comparable. Results
for at-diagnosis BMI are broadly consistent with prior studies of all-cause and CVD
mortality: for example, Nichols found that breast cancer survivors with BMI1=30 kg/m? had a
65% increased risk of CVVD mortality compared to normal-weight survivors.[11] In our
study, which assessed CVD incidence/morbidity in addition to mortality, the risk of CVD
did not become statistically significant until BM1=35-kg/m2, and even in this group the risk
attenuated substantially after adjustment for pre-existing CVD risk factors. A potential
explanation is that the cardio-toxic influence of cancer treatment and accompanying declines
in physical activity exacerbate/potentiate underlying CVD in breast cancer survivors.
However, we observed similarly adverse results regardless of whether chemotherapy was
received or included doxorubicin, and no evidence of an interaction between at-diagnosis
BMI and treatment type. Thus, the ill effects of Class 11/111 obesity are not restricted to
patients receiving chemotherapy.
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In contrast to emergence of increased risk only at a BMI1=35-kg/m?, even moderate
elevations in WC were associated with subsequent CVD independent of pre-existing CVD
risk factors. While to our knowledge no prior research has examined WC and incident CVD
among survivors, this is consistent with the Carolina Breast Cancer Study in which higher
waist:hip ratio, but not BMI, was associated with all-cause mortality.[17] Since BMI does
not describe fat distribution, and adipose tissue depots differ in their associations with
disease, it is unsurprising that WC would show a more graded and consistent association.
For CVD, the most relevant exposure may be visceral adiposity, for which WC is a proxy.

In contrast to our finding that weight gain in the early post-diagnosis period had no
relationship with CVD, Nichols et al found that each 5-kg of weight gain in the later post-
diagnosis period (5-7 years post-diagnosis) was associated with a 19% increase in CVD
mortality. While the outcome of CVD mortality is not directly comparable to the composite
endpoint of incidence and mortality examined in our study, the different findings may also
be due to exposure timing: we examined weight change from diagnosis to 2-years post-
diagnosis, during the period when lifestyle recommendations would be made in oncology
practice or integrated into survivorship care plans. By contrast, Nichols et al. examined
weight changes from diagnosis to 5-7 years post-diagnosis, when many survivors would be
in the primary care setting. The later post-diagnosis period may be the most appropriate time
for intensive lifestyle intervention to prevent CVD. Consistent with this, in a prior study, we
found no association of weight gain in the early post-diagnosis period and subsequent
survival.[12] However, an adverse association of weight gain emerged later in the post-
diagnosis period among women who were overweight at-diagnosis BMI 25-<30 kg/mZ.[12]

Importantly, BMI and weight change do not capture body composition and WC is an
imperfect proxy for visceral adiposity. Changes in muscle and fat mass during the post-
diagnosis period may ocur even with stable weight, and these changes may have metabolic
consequences that influence future risk of CVD. Changes in visceral adiposity may matter
most for CVD risk, and these are not adequately described by non-specific measures like
weight change, underscoring the need for body compaosition assessment and/or interventions
that target body composition. For example, physical activity may favorably influence body
composition; among overweight adults without cancer these interventions increase
muscularity while reducing visceral adiposity.[18] A prior study in our cohorts found greater
physical activity was associated with lower CVD risk in a dose-response fashion,
independent of BMI at diagnosis.[19] Physical activity interventions among breast cancer
survivors could be a promising area for CVD prevention: to date no controlled study has had
sufficient follow-up or sample size to demonstrate effects on CVVD morbidity/mortality,
though many have demonstrated safety/efficacy for treatment-related side effects, quality of
life, resting heart rate and blood pressure.[20-22]

Strengths and Limitations

This is the first study of early-stage breast cancer survivors to examine associations of
adiposity and weight change with incident CVD including detailed information on CVD
morbidities and CVD subtypes. Another novel feature is the multiple measures of adiposity
(BMI and WC) and inclusion of post-diagnosis weight changes. However, analyses of WC
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and post-diagnosis weight change excluded participants for whom these exposures were
unavailable and excluded CVD events prior to the 24-month follow-up evaluation, resulting
in lower power to detect associations for these exposures than for BMI. An additional
limitation is that we could not distinguish whether weight changes were intentional: though
it is possible that intentional weight loss would reduce CVD in a randomized controlled trial,
[23] it is striking that there was no indication of an increased risk of CVD even with large
amounts of weight gain in the early post-diagnosis period. Though weights were self-
reported, they had excellent correlation with measured weights among the n=1,139 women
for whom both were available, both overall (+=0.97) and within subgroups (e.g., BMI
category).

CONCLUSION

There is a high burden of CVD among breast cancer survivors; nearly 30% of our early-
stage cohort had an incident CVD event following diagnosis. Similar to adults without
cancer, greater abdominal adiposity increases risk of CVD among breast cancer survivors.
However, weight changes in the early post-diagnosis period have no association with
subsequent CVD. Breast cancer survivors with Class I1/111 obesity, elevated WC and pre-
existing CVD risk factors at diagnosis should be monitored closely in primary care and
cardio-oncology practices.
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FIGURE 1.
Unadjusted Kaplan-Meier curves of CVD-Free Survival by Bo

dy Mass Index at Diagnosis

Breast Cancer Res Treat. Author manuscript; available in PMC 2018 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cespedes Feliciano et al. Page 11

O Coronary Artery Disease, events = 222

-~ 3 & Heart Failure, events = 336
S All CVD or CVD death, events = 914
(]
= -
8
[
3 2 [l
“g
O T
R’ T L1
[Tp}
) 2 |
o 1 e i i
=
o Normal weight Overweight Class | Obese Class I /Ill Obese
N 18.5-<25 25-<30 30-<35 >=35
T 0 Reference
Body Mass Index at Diagnosis in kg/m2
FIGURE 2.

Body Mass Index at Diagnosis and Subtype of CVD

Adjusted for age in categories (=<60, <70, or >=70 at diagnosis), menopausal status, race/
ethnicity (white, black, Asian/Pacific Islander, Hispanic), smoking status at diagnosis (never,
current or former), physical activity (MET hours/week of recreational activity at
enrollment), tumor stage, hormone receptor status (ER+, PR+, HER2+) and treatment
(receipt of and type of chemotherapy, e.g., Doxorubicin or other, and/or radiation).
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