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Abstract

Background

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality among older

postmenopausal women. The impact of postmenopausal breast cancer on CVD for older

women is uncertain. We hypothesized that older postmenopausal women with breast can-

cer would be at a higher risk of CVD than similar aged women without breast cancer and

that CVD would be a major contributor to the subsequent morbidity and mortality.

Methods

In a prospective Women’s Health Initiative study, incident CVD events and total and cause-

specific death rates were compared between postmenopausal women with (n = 4,340) and

without (n = 97,576) incident invasive breast cancer over 10 years post-diagnosis, stratified

by 3 age groups (50–59, 60–69, and 70–79).

Results

Postmenopausal women, regardless of breast cancer diagnosis, had similar and high levels

of CVD risk factors (e.g., smoking and hypertension) at baseline prior to breast cancer,

which were strong predictors of CVD and total mortality over time. CVD affected mostly

women age 70–79 with localized breast cancer (79% of breast cancer cases in 70–79 age

group): only 17% died from breast cancer and CVD was the leading cause of death (22%)
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over the average 10 years follow up. Compared to age-matched women without breast can-

cer, women age 70–79 at diagnosis of localized breast cancer had a similar multivariate-

adjusted hazard ratio (HR) of 1.01 (95% confidence interval [CI]: 0.76–1.33) for coronary

heart disease, a lower risk of composite CVD (HR = 0.84, 95% CI: 0.70–1.00), and a higher

risk of total mortality (HR = 1.20, 95% CI: 1.04–1.39).

Conclusion

CVD was a major contributor to mortality in women with localized breast cancer at age 70–

79. Further studies are needed to evaluate both screening and treatment of localized breast

cancer tailored to the specific health issues of older women.

Introduction

With the aging US population and the favorable long term survival following breast cancer [1–

4], greater numbers of older breast cancer survivors are at risk for developing aging-related

chronic conditions, such as cardiovascular disease (CVD) [5,6]. The median age of diagnosis

of incident myocardial infarction (MI) is in the early 70s for women in the US [7]. Patients

over age 70 account for about 1/3 of all breast cancer cases [1]. A recent report from the Inter-

national Society of Geriatric Oncology and the European Society of Breast Cancer Specialists

notes that the recommendation for management of breast cancer in older individuals is limited

by lack of good evidence and extrapolation of results from younger women with breast cancer

[8]. In this paper, outcomes of incident breast cancer among older postmenopausal women

were evaluated with emphasis on CVD, the leading cause of morbidity and mortality among

older women [9].

CVD and breast cancer share multiple risk factors, such as age, postmenopausal obesity and

physical inactivity [10–14]. Many postmenopausal women are already at risk of CVD at their

breast cancer diagnosis [15,16]. In addition, successful therapies for breast cancer, such as

chemo-, radio- and endocrine therapy, are known to carry short- and long-term risks for CVD

[4,17–27]. Some of the more cardiotoxic therapies (e.g., anthracycline-based and targeted che-

motherapy) are used primarily for advanced breast cancer (i.e., lymph node-positive regional

or distant/metastatic stage) which is more prevalent in younger women. The majority of post-

menopausal breast cancer is early stage or localized (i.e., lymph node-negative) at diagnosis,

and the extended anti-estrogen therapy (i.e., aromatase inhibitors) is the primary adjuvant

therapy, which may pose additional long-term risks of CVD, especially to older postmeno-

pausal patients [17–19,28–30]. The percentage of non-breast cancer deaths, including CVD

deaths, among breast cancer survivors increases with advancing age and other comorbidities

[6]. However, both physicians and patients are likely to perceive a breast cancer diagnosis as

the prime medical priority and overlook CVD risk [19], thereby hindering optimal diagnosis

and treatment of comorbidities like CVD risk factors and symptoms particularly in older

patients [6,31,32].

Previous studies compared some CVD outcomes over relatively short time period within

breast cancer drug trials by intervention arms [30], but age-specific longer-term risks of a wide

range of CVD outcomes have not been compared between older women with breast cancer

and age-matched women without breast cancer. The prevalence and effect of pre-existing

CVD risk factors before diagnosis of breast cancer on CVD after breast cancer has not been

studied in longer term longitudinal studies among older breast cancer survivors compared to
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women without breast cancer. Therefore, we conducted a prospective study within the Wom-

en’s Health Initiative (WHI) Extension Study cohort [33] to compare age-specific rates of sub-

sequent composite and individual CVD events (i.e., coronary heart disease [CHD], angina,

coronary revascularization, peripheral arterial disease [PAD], and stroke) and mortality out-

comes (i.e., total, CVD, and CHD death) between postmenopausal women with and without

breast cancer. We also compared prevalence and effects of pre-existing (i.e., baseline) CVD

risk factors on CVD outcomes between those with and without breast cancer over 15 years of

follow-up from study entry to WHI.

Materials and methods

Details of the design and conduct of the WHI clinical trials (CTs) and observational study

(OS) have been published [33–35]. In brief, the WHI enrolled 161,808 postmenopausal

women from 1993 to 1998 at 40 US clinical centers into 4 CTs (two hormone therapy trials

and trials of dietary modification and calcium and vitamin D supplementation) (n = 68,132)

and an OS (n = 93,676). Postmenopausal status was defined as the absence of menstrual bleed-

ing in women for 1 year, if under age 55, and 6 months, if over age 55. General eligibility

required age between 50–79 years, being accessible for follow-up and having predicted survival

of greater than 3 years. The CTs had additional eligibility requirements and specific exclusion

criteria (e.g., breast cancer at baseline, acute heart attack or stroke in the previous 6 months)

[33]. Institutional review board approval was obtained at all WHI clinical centers and at the

Clinical Coordinating Center (CCC). All WHI participants at baseline visit provided written

informed consent, completed self-administered forms, an interview and a physical examina-

tion, and supplied blood samples. Participants in the CTs were followed by annual clinic visits

and semiannual questionnaires. Participants in the OS attended a 3-year clinic visit and were

followed by annual questionnaires. Follow-up after the original study endpoint in 2005

required re-consent and this was obtained from 76.9% of the participants who then received

subsequent follow-up through September 30, 2010. Given that ascertainment protocols in the

WHI were modified after 2010, evaluation of events in this study was restricted to women who

consented to follow up to 2010 for both breast cancer and comparison women.

Adjudication process

Incident CVD events and breast cancer cases were initially ascertained by self-report and doc-

umented by medical record review. Potential cases were sent to local WHI-physician adjudica-

tors for evaluation and classification. Locally adjudicated cases were then sent to the WHI

CCC for central adjudication of selected outcomes [36]. Cases received final adjudication at

the CCC with breast cancers centrally coded by trained tumor registry coders using standard-

ized National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) guidelines

[37]. Breast cancer hormone receptor status was based on local laboratory assessment. CVD

events were defined using prospectively established criteria. Strokes were adjudicated by

trained subspecialty physician adjudicators after medical record review.

Study population

Of 115,407 WHI Extension Study participants, we excluded 9,181 with CVD history at base-

line. Of the remaining 106,226 participants, 7,065 developed invasive breast cancer. Of these,

only breast cancer cases that occurred within the first 10 years of follow up in the WHI were

included because there was very little follow up time for CVD outcomes after diagnosis of

breast cancer beyond 10 years from baseline. There were 4,518 incident invasive breast cancer

cases. After excluding 178 with incident CVD prior to breast cancer diagnosis, 4,340 invasive
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breast cancer cases were available for the primary analyses. Of the 99,161 participants with no

invasive breast cancer, 1,585 with incident non-invasive breast cancer (i.e., ductal carcinoma

in situ or lobular carcinoma in situ) were excluded, resulting in 97,576 comparisons (Fig 1).

Breast cancer stages were classified as localized or not localized based on the absence or

presence of lymph node metastasis at the time of diagnosis. There were 466 localized breast

cancer (i.e., no lymph node metastasis) cases diagnosed at age 50–59, 1,479 at age 60–69, and

1,164 at age 70–79. Breast cancer cases were also further classified by grade from well differen-

tiated to anaplastic, presence of estrogen or progesterone receptors, and expression of human

epidermal growth factor receptor 2 (HER2). The number of women in the WHI Hormone Tri-

als in this study was too small for further separate analysis and included in the overall results,

noting no effect on the overall results of the study [38,39].

Study outcomes

The primary study outcomes were incident CVD events and mortality outcomes directly

attributed to CVD and CHD, and all-causes. Composite CVD was defined as the first occur-

rence of any events of CHD, angina, coronary revascularization, heart failure, PAD, and

stroke. CHD was defined as acute MI that required overnight hospitalization or coronary

death. The diagnosis of nonfatal MI was confirmed if data in the hospital record met standard-

ized criteria of diagnostic electrocardiographic changes, elevated cardiac-enzyme levels, or

both. The presence of angina was confirmed by hospitalization and confirmatory evidence on

angiography, diagnostic stress test, or diagnosis by a physician and medical treatment. Coro-

nary revascularization was confirmed by documentation of coronary artery bypass graft, coro-

nary angioplasty, stent, or artherectomy procedures in the medical record. Stroke was

confirmed by documentation in the medical record of the rapid onset of a neurologic deficit

consistent with stroke and lasting at least 24 hours or until death. The presence of heart failure

was confirmed by hospitalization and diagnostic confirmatory tests. We also used the end

points of CHD, angina, coronary revascularization, PAD, and stroke as individual outcomes

[36,40].

Fig 1. Flow diagram of participants included in the present study. WHI indicates Women’s Health

Initiative; CT, clinical trials; OS, observational study; CVD, cardiovascular disease; and BC, breast cancer.

https://doi.org/10.1371/journal.pone.0184174.g001
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Deaths were categorized as total death, CVD death, and CHD death and were determined

by trained physician adjudicators at the CCC based on medical record or death certificate

review. CVD mortality included deaths from CHD, cerebrovascular disease, pulmonary embo-

lism, heart failure, and other cardiovascular causes. CHD mortality was defined as death con-

sistent with CHD as the underlying cause plus one or more of the following: hospitalization

for MI within 28 days before death, previous angina or MI, death due to a procedure related to

CHD or a death certificate consistent with the underlying cause as atherosclerotic CHD

[36,40].

Baseline characteristics and CVD risk factors

Baseline characteristics were obtained from self-administered questionnaires on demograph-

ics, health behaviors, medical history, and physical examination [35]. Race/ethnicity was cate-

gorized by self-report. Current or past menopausal hormone therapy use was based on

interview and review of medication containers. Women randomized to the active drug group

in the two hormone therapy trials were considered current users of estrogen alone or estrogen

plus progestin, respectively. Current smoking status was determined by self-report. Body mass

index (BMI) was calculated as weight (in kilograms) divided by height (in meters) squared

(kg/m2) based on baseline physical assessment. Waist circumference (cm) was measured after

normal expiration over nonbinding undergarments. Blood pressure was measured with stan-

dard protocols. Hypertension was defined as either a blood pressure of at least 140/90 mm Hg

or hypertension medication use and categorized as not hypertensive, untreated hypertensive, or

treated hypertensive. Diabetes status was determined by self-report of treated diabetes or high

blood sugar when not pregnant. Hypercholesterolemia was determined by history of choles-

terol medication use. Physical activity was defined as a total metabolic equivalent score (MET-

hours/week) [33].

Statistical analyses

Categorical variables were presented as frequency and percentage, and continuous variables

were presented as mean ± standard deviation (SD) or median and inter-quartiles, if the distri-

bution was skewed. Chi-square tests were conducted to compare categorical variables. Age-

specific incidence or mortality rates per 1,000 person-years and their 95% confidence intervals

(CIs) were calculated. Cox models were conducted to estimate hazard ratios (HRs) and 95%

CIs for assessing the association of breast cancer status and CVD risk factors with outcomes.

The starting points for time-to-event analyses were the WHI study entry for women with and

without breast cancer as well as the date of invasive breast cancer for women with breast can-

cer. The ending point for all participants was the date of the initial CVD event or the end of fol-

low up. Participants were censored at the time of death or the date of last information

available. All analyses were 2-sided at alpha = 0.05 and performed with SAS version 9.3 (SAS

Institute, Cary, NC).

For women with breast cancer, the analyses were based on age at breast cancer diagnosis

and person-years follow up limited to time after the breast cancer diagnosis. To handle the

average difference of 5 years between age at entry to WHI and age at diagnosis of breast cancer

in breast cancer cases (Fig 2 and S1 Table), several approaches have been used to evaluate the

relationship of breast cancer to incidence of CVD and death after diagnosis of breast cancer

compared to women who did not develop breast cancer. First, we only included women whose

age at the diagnosis of breast cancer and the age at entry to WHI were in the same age catego-

ries of 50–59, 60–69, and 70–79. Among women age 70–79 at baseline (n = 838), 220 (26%)

breast cancers diagnosed at 80+ years of age were excluded from the analyses (S1 Table). The
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age-specific rates of subsequent CVD morbidity and mortality outcomes were then compared

with women who did not develop breast cancer (i.e., comparisons) using their age at baseline.

This resulted in the similar baseline ages of both groups. However, length of follow up time

was longer for the comparisons whose follow up time was based on entry to WHI. The mean

duration of follow up was 15.7 (SD = 2.0) years for no breast cancer comparisons vs. 10.4

(SD = 3.5) years for breast cancer cases (Fig 2).

The second approach was to adjust for both age at diagnosis and length of follow up.

Women with breast cancer were categorized into 3 age groups based on the age at diagnosis of

breast cancer but not the age at study entry, and follow up began at the time of breast cancer

diagnosis. For the no breast cancer comparisons, length of follow up and baseline age began

approximately 5 years after entry to WHI, and all CVD and mortality events that occurred

during the first 5 years were excluded. Based on this approach, the age of women at diagnosis

of breast cancer and the age at baseline of women in the comparisons were similar. Also, the

length of follow up for both breast cancer cases and comparisons became the same. Further-

more, direct age adjustment within the 10-year age groups was done for both groups to further

control for any age differences between the groups. These 2 approaches together controlled for

both age and length of follow up to avoid potential survivor bias.

Results

Characteristics of study population

Of a total of 4,518 incident invasive breast cancer cases, 4,340 had no history of CVD prior to

their breast cancer. After excluding breast cancer cases after age 80+, 4,066 cases were available

with detailed staging data (Fig 1), including 627 (15%) in age 50–59, 1957 (48%) in age 60–69,

and 1482 (36%) in age 70–79 at diagnosis of breast cancer. The average age at breast cancer

diagnosis was 68 years (SD = 7.2, median = 67.9). The percentage of localized breast cancer

increased by advancing age: 71% at age 50–59 to 76% at age 60–69 to 79% at age 70–79.

The mean time to breast cancer diagnosis for the 4,340 women without CVD at baseline

and prior to breast cancer was 5.0 ± 2.8 years (Fig 2). There were 735 deaths among breast can-

cer cases, and mean and median years to death from breast cancer were 7.5 ± 3.7 and 7.6 years,

respectively. For localized breast cancer cases only, mean time to diagnosis was also 5.0 ± 2.7

years (median = 4.9) and 459 deaths occurred at average 8.1 ± 3.4 years (median = 8.1) after

localized breast diagnosis.

Fig 2. Median years of follow up scheme of the study for women with and without breast cancer. CHD

indicates coronary heart disease; MI, myocardial infarction; CREVS, coronary revascularization; and WHI,

Women’s Health Initiative.

https://doi.org/10.1371/journal.pone.0184174.g002
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The CVD risk factors were measured only at baseline entry to WHI. The relationships of

risk factors to breast cancer cases with and without subsequent CVD were analyzed in several

ways. First, we compared risk factors for CVD that occurred prior to incident breast cancer vs.

for CVD events that occurred after breast cancer diagnosis (Table 1). Among breast cancer

cases, women who developed CVD since the WHI entry were significantly more likely to be

older, have lower levels of education and income, be a current smoker, have a history of hyper-

tension, diabetes, or hypercholesterolemia, have a high waist circumference and be a non-user

of hormone therapy at entry to WHI compared to breast cancer cases without follow-up CVD

(Table 1). There were few differences in baseline risk factors between women with incident

CVD before or after the onset of incident breast cancer (Table 1). Only diabetes and cigarette

smoking were significantly different: Having diabetes was associated with CVD before breast

cancer; and current and past smoking was associated with CVD after breast cancer. We also

compared CVD risk factors at entry to WHI between women with breast cancer and compari-

sons without breast cancer (S2 Table). There were also few differences in the distribution of

risk factors between women with and without breast cancer (Table 1 and S2 Table). Results

were similar whether we included all incident CVD (i.e., before or after breast cancer) or just

incident CVD after breast cancer diagnosis (Table 1). The characteristics of breast cancer cases

(e.g., stage, grade, etc.) were also very similar for women who did or did not develop incident

CVD (S3 Table).

Causes of death by age at diagnosis of breast cancer

Among 627 women age 50–59 at diagnosis of breast cancer, 63 (10%) had died, including 35 of

446 (8%) with localized disease. Breast cancer was the leading cause of death accounting for 36

(57%) of the 63 deaths and CVD for 7 (11%) of the deaths in the group of age 50–59 at the

time of breast cancer diagnosis (S4 Table). There were 227 deaths (11.6%) among 1,957

women age 60–69 at the time of diagnosis of breast cancer, including 9% (136 deaths) of 1,479

women with localized disease. Breast cancer accounted for 41% of the deaths and CVD for 14

(6.2%) of the deaths in the women age 60–69 at breast cancer diagnosis (S4 Table).

The situation for women who developed breast cancer at age 70–79 was somewhat different

in that 328 (22%) had died and 86 of 328 deaths (26%) were due to breast cancer and 63 (19%)

to CVD (Table 2). As noted, 1,164 (79%) of the 1,482 breast cancer cases were localized at the

time of diagnosis and 226 (19%) of the women with localized breast cancer had died. Only

17% of the deaths for women with localized disease were due to breast cancer and 49 (22%)

deaths from CVD. Breast cancer deaths in this older age group occurred in 39 (3%) of the 1164

women with localized disease over the average 10.6 years of follow up (Table 2 and Fig 2). The

percentage of deaths was very high for older individuals age 70+ with either regional or distant

disease and about a half of the deaths were due to breast cancer. No other causes of death were

substantially different among breast cancer cases vs. no breast cancer comparisons (S5 Table).

Age-specific risks of CVD and mortality outcomes

Table 3 presents the results for breast cancer cases restricted to the same 10-year age categories

by both ages at baseline and breast cancer diagnosis. Total mortality was higher for women

with breast cancer than no breast cancer comparisons in all 3 age groups (Table 3). The CI lim-

its of the rates for CVD outcomes, however, were overlapped in all 3 age groups between breast

cancer cases and comparisons. CVD incidence was higher for no breast cancer comparisons

than for women with breast cancer due to primarily lower rates of coronary revascularizations

and hospitalized angina (Table 3). The results were similar with the inclusion of breast cancer

cases diagnosed after age 80 (data not shown).
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Table 1. Study entry characteristics and cardiovascular disease (CVD) risk factors by CVD status in all women with incident invasive breast cancer

(N = 4,518).

No CVD since

study entry

(n = 3,981)

CVD before breast

cancer

(n = 178)

CVD after breast

cancer

(n = 359)

All CVD since

study entry

(n = 537)

[1] vs.

[3]

[2] vs.

[3]

[1] vs.

[4]

[1] n (%) [2] n (%) [3] n (%) [4] n (%) p p p

Age at Study Entry < .0001 0.936 < .0001

50–59 years 1,350 (33.9) 32 (18.0) 61 (17.0) 93 (17.3)

60–69 years 1,908 (47.9) 88 (49.4) 183 (51.0) 271 (50.5)

70–79 years 723 (18.2) 58 (32.6) 115 (32.0) 173 (32.2)

Race/Ethnicity 0.395 0.729 0.293

White 3,546 (89.3) 163 (91.6) 320 (89.1) 483 (89.9)

Black 215 (5.4) 10 (5.6) 26 (7.2) 36 (6.7)

Hispanic 84 (2.1) 3 (1.7) 6 (1.7) 9 (1.7)

Other 127 (3.2) 2 (1.1) 7 (2.0) 9 (1.7)

Education 0.012 0.129 < .0001

� High school 625 (15.8) 38 (21.3) 67 (18.7) 105 (19.6)

Some college 1,358 (34.4) 82 (46.1) 142 (39.7) 224 (41.8)

� College 1,967 (49.8) 58 (32.6) 149 (41.6) 207 (38.6)

Study Arm 0.168 0.787 0.067

Clinical Trial 1,702 (42.8) 85 (47.7) 167 (46.5) 252 (46.9)

Observational 2,279 (57.3) 93 (52.3) 192 (53.5) 285 (53.1)

Body Mass Index (kg/m2) 0.205 0.171 0.041

< 25 1,427 (36.1) 44 (24.7) 119 (33.2) 163 (30.3)

25.0–29.9 1,350 (34.2) 68 (38.2) 124 (34.5) 192 (35.7)

30.0–34.9 729 (18.5) 38 (21.3) 73 (20.3) 111 (20.7)

35–39.9 299 (7.6) 19 (10.7) 35 (9.8) 54 (10.1)

� 40 141 (3.6) 9 (5.1) 8 (2.2) 17 (3.2)

Waist Circumference 0.010 0.190 < .0001

� 88 cm 2,453 (61.8) 87 (48.9) 197 (54.9) 284 (52.9)

> 88 cm 1,518 (38.2) 91 (51.1) 162 (45.1) 253 (47.1)

Smoking 0.010 0.031 0.049

Never 1,954 (49.7) 98 (55.7) 156 (43.6) 254 (47.6)

Past 1,757 (44.7) 66 (37.5) 170 (47.5) 236 (44.2)

Current 220 (5.6) 12 (6.8) 32 (8.9) 44 (8.2)

Hypertension < .0001 0.177 < .0001

No 2,821 (71.5) 95 (53.4) 213 (59.5) 308 (57.5)

Yes 1,126 (28.5) 83 (46.6) 145 (40.5) 228 (42.5)

Diabetes 0.002 0.007 < .0001

No 3,835 (96.4) 152 (85.9) 334 (93.0) 486 (90.7)

Yes 145 (3.6) 25 (14.1) 25 (7.0) 50 (9.3)

Hypercholesterolemia 0.001 0.923 < .0001

No 3,348 (88.8) 140 (82.3) 282 (82.7) 422 (82.6)

Yes 422 (11.2) 30 (17.7) 59 (17.3) 89 (17.4)

Physical Activity (total MET-

hours/week)

0.249 0.833 0.134

< 2.5 877 (23.0) 44 (25.3) 92 (26.6) 136 (26.2)

2.5–18.24 1,973 (51.8) 94 (54.0) 177 (51.2) 271 (52.1)

� 18.25 956 (25.1) 36 (20.7) 77 (22.2) 113 (21.7)

Menopausal Hormone Therapy 0.004 0.838 0.002

(Continued )
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The number of CVD events was very low among breast cancer cases under the age of 70

regardless of stages of breast cancer at diagnosis (S6 Table). There were, for example, only 7

CHD events at age 50–59 and 39 at age 60–69. Therefore, we further focused on women with

localized disease at age 70–79. In the analysis in Table 4, the first 5 years of follow up, as noted,

for comparisons was eliminated. The age was reset and follow up years began at that point.

The age and length of person-years follow up were similar for comparisons and breast cancer

cases within the 70–79 age group (Table 4). Women age 70–79 with localized breast cancer

had: (1) a lower multivariate-adjusted risk of composite CVD (HR = 0.84, 95% CI: 0.70–1.00);

(2) similar risks of CHD and MI; (3) a lower risk of coronary revascularization (HR = 0.72,

95% CI: 0.52–0.99); (4) a similar risk of stroke; and (5) a slightly higher risk of total mortality

(HR = 1.20, 95% CI: 1.04–1.39), but no differences in CVD and CHD mortality outcomes

(Table 4).

Kaplan Meier survival analysis using analytical approaches similar to Table 4 (e.g., exclud-

ing the first 5 years of follow up for comparisons) showed better overall survival for no breast

cancer comparisons than localized breast cancer cases within each age group (Fig 3). For the

Table 1. (Continued)

No CVD since

study entry

(n = 3,981)

CVD before breast

cancer

(n = 178)

CVD after breast

cancer

(n = 359)

All CVD since

study entry

(n = 537)

[1] vs.

[3]

[2] vs.

[3]

[1] vs.

[4]

[1] n (%) [2] n (%) [3] n (%) [4] n (%) p p p

Never 1,478 (37.2) 76 (42.7) 163 (45.4) 239 (44.5)

Past 543 (13.7) 26 (14.6) 50 (13.9) 76 (14.2)

Current 1,956 (49.2) 76 (42.7) 146 (40.7) 222 (41.3)

MET indicates metabolic equivalent score.

https://doi.org/10.1371/journal.pone.0184174.t001

Table 2. Survival status and cause of death in women with breast cancer at age 70–79.

Invasive Breast Cancer Diagnosis at Age 70–79

Localized Regional Distant All

Survival status n (%) n (%) n (%) n (%)

Alive 938 (80.6) 214 (68.6) 2 (33.3) 1,154 (77.9)

Dead 226 (19.4) 98 (31.4) 4 (66.7) 328 (22.1)

Total (%) 1,164 (78.5) 312 (21.1) 6 (0.4) 1,482 (100)

Localized Regional Distant All

Causes of death n (%) n (%) n (%) n (%)

Breast Cancer 39 (17.3) 43 (43.9) 4 (100) 86 (26.2)

Other Major Cancers a 14 (6.2) 8 (8.2) 0 (0.0) 22 (6.7)

Other Cancer Death 26 (11.5) 5 (5.1) 0 (0.0) 31 (9.5)

Total CVD 49 (21.7) 14 (14.3) 0 (0.0) 63 (19.2)

Coronary heart disease 21 (9.3) 9 (9.2) 0 (0.0) 30 (9.1)

Stroke 9 (4.0) 2 (2.0) 0 (0.0) 11 (3.4)

Other CVD 19 (8.4) 3 (3.1) 0 (0.0) 22 (6.7)

Others b 98 (43.4) 28 (28.6) 0 (0.0) 126 (38.4)

CVD indicates cardiovascular disease.
a Major cancers include lung, ovarian, and colon cancers.
b Other causes of death include COPD, pneumonia, sepsis, accident, Alzheimer’s disease, etc. For more details, see S5 Table.

https://doi.org/10.1371/journal.pone.0184174.t002
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70–79 age group, estimated lifespan table showed that survivorship after 10 years follow up

was 85.0% (95% CI: 84.6–85.4) for no breast cancer comparisons (4,595 deaths out of 33,790

comparisons) and 80.8% (95% CI: 78.0–83.2) for breast cancer cases (183 deaths among 1,164

women with localized breast cancer). There were only 17 deaths among 446 women with local-

ized breast cancer age 50–59 and estimated 10 year survival of 96% (95% CI: 94–98) as com-

pared to 98% (95% CI: 97–99) estimated survival for 14,473 no breast cancer women; and in

60–69 age group, the 10 year survival of 92% (95% CI: 91–94) for 1,479 localized breast cancer

as compared to 94% (95% CI: 94–97) for 44,871 comparisons (Fig 3).

A supplementary analysis was conducted to further compare events rates using age at entry

rather than age at diagnosis of breast cancer for both localized breast cancer and all invasive

breast cancer stratified by ages 50–59, 60–69, and 70–79 (S7 Table). Person-years follow up

Table 3. Cardiovascular disease (CVD) and death in women with localized breast cancer a vs. women with no breast cancera.

No Breast Cancer Localized Invasive Breast Cancer

By Age at Baseline (BL) By Age at BL & Diagnosis b

BL Age-adjusted Rate c per 1,000 Person-Years

(95% CI)

BL Age-adjusted Rate c per 1,000 Person-Years

(95% CI)

50–59 60–69 70–79 50–59 60–69 70–79 d

Mean and Median Ages at Study Entry,

years

55, 55 64, 64 73, 72 54, 54 63, 63 72, 72

CVD e 3.94 (3.68–

4.23)

9.40 (9.02–

9.80)

17.75 (16.86–

18.68)

3.10 (1.49–

6.83)

6.43 (4.29–

9.64)

12.41 (8.46–

18.23)

Coronary Heart Disease (CHD) 1.14 (1.00–

1.29)

2.67 (2.47–

2.88)

5.56 (5.09–6.07) 0.53 (0.13–

2.10)

1.65 (0.77–

3.88)

5.33 (2.83–10.20)

MI 0.97 (0.84–

1.11)

2.18 (2.00–

2.37)

4.09 (3.69–4.54) 0.38 (0.08–

1.97)

1.21 (0.54–

3.30)

3.78 (1.84–8.15)

Angina 0.73 (0.62–

0.86)

1.61 (1.46–

1.78)

2.40 (2.10–2.75) 0.97 (0.23–

4.55)

1.43 (0.58–

3.59)

1.15 (0.30–4.72)

Coronary Revascularization 1.63 (1.47–

1.81)

3.70 (3.46–

3.95)

4.97 (4.53–5.46) 1.43 (0.51–

5.17)

3.30 (1.80–

6.05)

3.30 (1.51–7.54)

PAD 0.19 (0.14–

0.26)

0.51 (0.43–

0.61)

0.79 (0.63–1.00) 0.41 (0.09–

1.99)

0.31 (0.04–

2.20)

0.43 (0.09–2.11)

Stroke 0.78 (0.67–

0.91)

2.18 (2.01–

2.37)

4.69 (4.26–5.16) 0.29 (0.07–

1.18)

2.37 (1.17–

4.83)

5.23 (2.73–10.11)

Total Death 2.18 (1.99–

2.39)

5.96 (5.67–

6.27)

15.50 (14.72–

16.33)

6.25 (3.46–

11.33)

8.90 (6.22–

12.80)

21.95 (15.97–

30.17)

CVD Death 0.39 (0.32–

0.49)

1.39 (1.26–

1.55)

5.00 (4.57–5.48) 0.67 (0.20–

2.28)

0.81 (0.25–

2.76)

6.20 (3.43–11.29)

CHD Death 0.19 (0.14–

0.25)

0.60 (0.51–

0.70)

1.98 (1.71–2.29) 0.15 (0.02–

1.04)

0.43 (0.10–

1.95)

1.96 (0.71–5.71)

Breast Cancer Death NA NA NA 2.34 (0.92–

6.51)

2.24 (1.09–

4.64)

3.13 (1.37–7.27)

CI indicates confidence interval; MI, myocardial infarction; PAD, peripheral arterial disease; and NA, not applicable.
a Excluding: 1) women had CVD at baseline; 2) women had CVD prior to breast cancer; 3) women with non-invasive breast cancer; 4) time to breast

cancer� 10 years; and 5) breast cancer diagnosed after age 80.
b Analyses was restricted to women whose age at entry and age at diagnosis of breast cancer are in the same age group and excluded women with age at

diagnosis of 80+.
c The baseline age adjustment was done by the rate at each age group that was calculated from the combined groups of no breast cancer comparisons and

breast cancer cases.
d There was a total of 484 localized breast cancer cases at age 70–79 with mean age 76 ± 2.5 years (median = 76) at breast cancer.
e CVD events include CVD deaths.

https://doi.org/10.1371/journal.pone.0184174.t003
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was restricted to time after breast cancer diagnosis. Total mortality rates were highest for all

invasive breast cancer then localized and no breast cancer (S7 Table). There was little differ-

ence in CVD, CHD and mortality rates between invasive and localized breast cancer. CVD

and CHD rates were also similar for women without breast cancer.

Because mortality follow up was available for the total sample of WHI, we conducted a sen-

sitivity analysis for the mortality results in Table 3 including all WHI participants rather than

the 76.9% of the total WHI participants that continued in the follow up after 2005 to 2010. The

total mortality rate for participants age 70–79 with no breast cancer was 14.6 (95% CI: 14.1–

15.0) and for breast cancer cases, 21.9 (95% CI: 18.3–26.3) per 1,000 person-years, practically

the same as for the limited sample used for this study. Results were also similar in the 50–59

and 60–69 age groups and for specific causes of death and CVD outcomes.

Table 4. Localized breast cancer status and cardiovascular disease (CVD) and mortality outcomes in the 70–79 age groupa.

Event Localized

Breast Cancer

Total # per

Group

# of

Event

Mean

person-

years

Age b-adjusted Rate per

1,000 Person-Years (95%

CI)

Age b-adjusted

HR (95% CI)

Multivariate c-

adjusted HR (95% CI)

CVD d No e 31,833 4,620 9.57 14.72 (14.00, 15.48) 1.00 1.00

Yes f 1,164 140 9.20 11.96 (8.98, 15.92) 0.83 (0.70, 0.98) 0.84 (0.70, 1.00)

Coronary Heart

Disease (CHD)

No 33,379 1,694 10.04 4.86 (4.48, 5.29) 1.00 1.00

Yes 1,164 55 9.49 4.56 (2.89, 7.19) 0.98 (0.75, 1.28) 1.01 (0.76, 1.33)

Myocardial Infarction No 33,385 1,239 10.05 3.58 (3.24, 3.94) 1.00 1.00

Yes 1,164 37 9.49 3.06 (1.77, 5.33) 0.90 (0.65, 1.24) 0.92 (0.66, 1.29)

Angina No 33,136 409 10.12 1.21 (1.02, 1.43) 1.00 1.00

Yes 1,164 7 9.58 0.57 (0.16, 2.07) 0.49 (0.23, 1.03) 0.47 (0.21, 1.05)

Coronary

Revascularization

No 33,101 1,705 9.92 5.14 (4.74, 5.59) 1.00 1.00

Yes 1,164 39 9.45 3.19 (1.86, 5.50) 0.68 (0.50, 0.94) 0.72 (0.52, 0.99)

Peripheral Arterial

Disease

No 33,717 315 10.18 0.89 (0.74, 1.09) 1.00 1.00

Yes 1,164 5 9.62 0.40 (0.09, 1.88) 0.49 (0.20, 1.19) 0.43 (0.16, 1.16)

Stroke No 33,490 1,458 10.06 4.17 (3.81, 4.56) 1.00 1.00

Yes 1,164 46 9.50 3.85 (2.36, 6.33) 0.94 (0.70, 1.26) 1.02 (0.75, 1.37)

Total Death No 33,790 5,196 10.22 14.32 (13.66, 15.02) 1.00 1.00

Yes 1,164 226 9.64 18.48 (14.75, 23.16) 1.24 (1.08, 1.42) 1.20 (1.04, 1.39)

CVD Death No 33,790 1,443 10.22 3.93 (3.59, 4.29) 1.00 1.00

Yes 1,164 49 9.64 4.01 (2.48, 6.50) 0.99 (0.74, 1.32) 0.92 (0.67, 1.26)

CHD Death No 33,790 606 10.22 1.64 (1.43, 1.89) 1.00 1.00

Yes 1,164 21 9.64 1.73 (0.84, 3.61) 1.02 (0.66, 1.60) 1.03 (0.65, 1.65)

BC Death Yes 1,164 39 9.64 3.16 (1.84, 5.43) NA NA

CI indicates confidence interval; HR, hazard ratio; BC, breast cancer; and NA, not applicable.
a Excluding: 1) women had CVD at baseline; 2) women had CVD prior to breast cancer; 3) women with non-invasive breast cancer; 4) time to breast

cancer� 10 years; and 5) breast cancer diagnosed after age 80.
b Adjusted for age at baseline (BL) for no breast cancer comparisons and age at breast cancer for women with breast cancer.
c Cox models were adjusted for following covariates: age, ethnicity, education, body mass index, waist circumference, smoking, hypertension, diabetes, and

hypercholesterolemia.
d CVD events include CVD deaths.
e Among no breast cancer women at BL age 70–79, the first 5 years of follow up were excluded and the BL age was then re-determined. Mean and median

ages at BL for no breast cancer women were 73.7 ± 2.7 and 73.0 years of age, respectively.
f Breast cancer diagnoses after age 80 were exclude. For women with localized breast cancer at 70–79, mean and median ages at breast cancer were

74.3 ± 2.7 and 74.0 years of age, respectively.

https://doi.org/10.1371/journal.pone.0184174.t004
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Pre-diagnosis risk factors and post-diagnosis CVD outcomes

Table 5 showed similar associations between the seven traditional CVD risk factors (smoking,

hypertension, diabetes, hypercholesterolemia, BMI, waist circumference, and physical activity)

and CHD incidence between women who developed incident CHD before and after breast

cancer diagnosis. Age-adjusted HRs for CHD by risk factors were also similar between women

with and without breast cancer (S8 Table). About 41% of each group of women with and with-

out breast cancer had at least one of 4 major CVD risk factors (i.e., smoking, hypertension, dia-

betes, and hypercholesterolemia).

In both groups, presence of more baseline CVD risk factors was significantly associated

with higher risks of subsequent MI and CHD death at p values� .0001 (Fig 4). Women with

breast cancer who reported to be a current smoker with one of the other major risk factors

(n = 71, 28% of 252 current smokers) had the greatest risks of MI incidence (HR = 9.61, 95%

CI: 4.34–21.32) and CHD death (HR = 7.68, 95% CI: 2.22–26.55), compared to those with no

risk factors (Fig 4).

Discussion

The majority (79%) of older women age 70–79 had localized breast cancer at the time of diag-

nosis. There was a small but significant increase in total mortality (HR = 1.20) among women

age 70–79 who developed localized breast cancer than no breast cancer comparisons. A crude

estimate showed about 60 excess deaths including 39 (65%) breast cancer deaths among

women with localized breast cancer at age 70–79 than the no breast cancer comparisons. CVD

incidence was significantly lower for breast cancer cases than comparisons primarily due to

much lower incidence of coronary revascularization, the most common CVD diagnosis

among older women. The lower rate of coronary revascularization in older women with local-

ized breast cancer could be due to under-diagnosis of CHD symptoms that may mimic side

effects of surgical treatment and radiotherapy for breast cancer [6,15]. Indeed, the standard

treatment course for the majority of localized breast cancer cases includes surgery (e.g., lump-

ectomy, mastectomy) as primary followed by multimodal adjuvant therapies such as radiother-

apy and endocrine therapy [1,4]. An ongoing follow up (Life and Longevity After Cancer

Fig 3. Age adjusted survival curves for total mortality among women with localized breast cancer vs.

no breast cancer comparisons. BC indicates breast cancer. For more details regarding each age group,

see S1–S3 Figs.

https://doi.org/10.1371/journal.pone.0184174.g003
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Table 5. Associations between baseline risk factors and coronary heart disease (CHD) in women with breast cancer.

CHD incidence since WHI study entry (N = 4,518) CHD incidence after breast cancer diagnosis a

(N = 4,340)

Baseline Risk Factors Total

N

CHD n

(%)

Age-adjusted Rate per

1,000 Person-years

(95% CI)

Age-adjusted

HR (95% CI)

Total

N

CHD n

(%)

Age-adjusted Rate per

1,000 Person-years

(95% CI)

Age-adjusted

HR (95% CI)

N n (%)

Current Smoking

No 4,201 174

(4.14)

2.58 (2.01, 3.32) 1.00 4,037 124

(3.07)

2.78 (2.08, 3.75) 1.00

Yes 264 20

(7.58)

6.15 (2.99, 12.74) 2.40 (1.50,

3.82)

252 17

(6.75)

8.74 (4.05, 19.05) 3.12 (1.87,

5.20)

Hypertension

No 3,129 104

(3.32)

2.17 (1.58, 3.01) 1.00 2,901 78

(2.57)

2.47 (1.72, 3.58) 1.00

Yes 1,354 91

(6.72)

3.97 (2.79, 5.74) 1.79 (1.35,

2.37)

1,229 64

(5.04)

4.27 (2.81, 6.61) 1.67 (1.19,

2.32)

Diabetes

No 4,321 176

(4.07)

2.57 (2.01, 3.30) 1.0 4,169 134

(3.21)

2.97 (2.25, 3.94) 1.0

Yes 195 19

(9.74)

6.24 (2.86, 14.17) 2.26 (1.41,

3.64)

170 8

(4.71)

4.51 (1.34, 15.79) 1.32 (0.65,

2.69)

Hypercholesterolemia

No 3,770 146

(3.87)

2.47 (1.88, 3.25) 1.00 3,630 107

(2.95)

2.75 (2.01, 3.78) 1.00

Yes 511 38

(7.44)

4.52 (2.61, 8.03) 1.78 (1.24,

2.54)

481 28

(5.82)

5.12 (2.73, 10.03) 1.80 (1.19,

2.73)

Body Mass Index

< 25 kg/m2 1,590 60

(3.77)

2.32 (1.56, 3.54) 1.00 1,546 49

(3.17)

2.84 (1.86, 4.51) 1.00

25.0–29.9 kg/m2 1,542 66

(4.28)

2.64(1.76, 4.00) 1.16 (0.82,

1.65)

1,474 46

(3.12)

2.80 (1.74, 4.61) 1.03 (0.69,

1.54)

30.0–34.9 kg/m2 840 35

(4.17)

2.55 (1.47, 4.54) 1.12 (0.74,

1.70)

802 26

(3.24)

2.83 (1.52, 5.53) 1.06 (0.66,

1.70)

35–39.9 kg/m2 353 27

(7.65)

6.30 (3.35, 11.87) 2.64 (1.67,

4.16)

334 17

(5.09)

6.55 (2.97, 14.50) 2.21 (1.27,

3.85)

� 40 kg/m2 158 7

(4.43)

2.79 (0.82, 12.47) 1.47 (0.67,

3.22)

149 4

(2.68)

2.69 (0.48, 16.20) 1.03 (0.37,

2.87)

Waist Circumference

� 88 cm 2,737 104

(3.80)

2.39 (1.75, 3.30) 1.00 2,650 82

(3.09)

2.87 (2.05, 4.09) 1.00

> 88 cm 1,771 91

(5.14)

3.22 (2.26, 4.61) 1.39 (1.05,

1.84)

1,680 60

(3.57)

3.25 (2.10, 5.06) 1.18 (0.84,

1.64)

Physical Activity (total MET-

hours/week)

< 2.5 1,013 49

(4.84)

3.17 (1.99, 5.11) 1.00 969 34

(3.51)

3.37 (1.95, 5.96) 1.00

2.5–18.24 2,244 99

(4.41)

2.74 (1.97, 3.84) 0.83 (0.59,

1.18)

2,150 71

(3.30)

3.01 (2.05, 4.49) 0.87 (0.58,

1.30)

� 18.25 1,069 39

(3.65)

2.30 (1.37, 3.91) 0.67 (0.44,

1.03)

1,033 32

(3.10)

2.84 (1.63, 5.09) 0.79 (0.49,

1.28)

MET indicates metabolic equivalent score.
a Follow up time began at the diagnosis of breast cancer.

https://doi.org/10.1371/journal.pone.0184174.t005
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[LILAC] study) in the WHI is evaluating effects of pharmacological and other therapies for

breast cancer on morbidity and mortality with recurrent breast cancer.

CVD was the leading cause of death over 10 years of follow up for women with localized

breast cancer diagnosed at 70 years and older based on a strict formal adjudication process of

the WHI study by thorough medical record review to determine breast cancer and CVD out-

comes. Deaths due to breast cancer in the WHI included only those adjudicated to breast can-

cer, which provide more accurate data compared to studies that use all deaths after the

diagnosis of breast cancer or death certificate classification with possible overestimation of

breast cancer deaths [41]. A retrospective cohort study based on the SEER-Medicare database

reported that CVD was the primary cause of death followed by breast cancer among older

(� 66 years) survivors from early stage or localized breast cancer, particularly in those who

were ages 75 years and older [6].

Few studies have compared predictive performance of CVD risk factors on CVD outcomes

in women with breast cancer [42]. Traditional CVD risk factors (e.g., smoking and history of

hypertension and hypercholesterolemia) at baseline years before diagnosis of incident breast

cancer were strong predictors of subsequent CVD incidence, regardless of breast cancer status.

Women with breast cancer remain at a high risk of CVD as other older women in the US

because of their high prevalence of risk factors for CVD.

These new results on the prospective evaluation of CVD risk factors prior to breast cancer

extend findings of Haque and colleagues [42] who found post- diagnosis smoking history, dia-

betes, and hypertension assessed after breast cancer were stronger predictors of CVD than

breast cancer status. Timely identification and control of CVD risk factors should be a high

priority for older women who develop breast cancer and will likely improve the overall survi-

vorship of older women with localized breast cancer.

This study also provides clinical implications for the screening and management of breast

cancer as well as CVD and other comorbidities for older women age 70+ at diagnosis of breast

cancer. Mortality remains very high for women with non-localized or advanced (i.e., regional

Fig 4. Hazard ratios of myocardial infarction (MI) and coronary heart disease (CHD)-related death by the number of baseline risk

factors (i.e., smoking, hypertension, hypercholesterolemia, and diabetes) in women with (A) and without (B) breast cancer a. aCox

models were adjusted for age, ethnicity, education, body mass index, and waist circumference.

https://doi.org/10.1371/journal.pone.0184174.g004
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or distant) breast cancer. The goal of mammography is to increase the percentage of early

detected breast cancer so that the treatment will effectively reduce mortality from breast can-

cer. In the WHI, mammographic examinations were required annually for women in the hor-

mone therapy arm of the trial, every other year for those in the dietary modification arm, but

were not required for participants in the WHI-OS. There are no clinical guidelines and trials

specifically focusing on breast cancer screening among older women [43,44]. An evaluation of

time between last mammography screening and breast cancer diagnosis in the WHI among

women age 75+ at time of diagnosis suggested a benefit of more recent screening based on

reduced deaths due to breast cancer [43] but not reduction in deaths to other causes. There is

also little evidence of the benefits of drug therapies or nonpharmacological approaches, such

as exercise or nutrition, in reducing total or CVD morbidity and mortality in the 70+ age

groups with localized, lymph node-negative breast cancer, a growing phenotype of breast can-

cer with the aging population [27,29,45]. During the time period of this study (1993–2010), the

breast cancer death rates in ages 65–84, have declined in both black and white women [3,46].

It is not known whether the decline is due to better detection and treatment of breast cancer or

is consistent with overall better survival and low total mortality rates of older women in the US

irrespective of breast cancer diagnosis.

The strengths of this study include the prospective study design, the large, well-character-

ized diverse WHI population of postmenopausal women with and without breast cancer,

breast cancer and CVD outcomes formally adjudicated by medical record review, comprehen-

sive data on CVD risk factors, and a follow-up period of more than a decade for the breast can-

cer cases. Our study has, however, a few limitations. First, some of the baseline CVD risk

factors were based on self-report. However, a validation study revealed high concordance of

self-report of diabetes with medical record review [47,48]. Second, we only examined selected

CVD risk factors; we did not examine other risk factors such as alcohol consumption, diet,

family history of CVD, statin use, or detailed reproductive and hormonal factors. Third,

women in the WHI were more likely to have been screened and treated for CVD risk factors

than the general population [43]. Lastly, we did not have information on potentially cardio-

toxic breast cancer therapies such as chemotherapy or left-sided radiation. Such effects are

likely small in women with localized breast cancer. The WHI LILAC study is underway and is

designed to obtain these data. A recent report by the Early Breast Cancer Trialists’ Collabora-

tive Group [45] noted a reduction in breast cancer recurrence and mortality rates after breast

cancer comparing aromatase inhibitors vs. tamoxifen but did not evaluate CVD events or

CVD deaths compared to women without breast cancer, especially in older age group. Evalua-

tion of outcomes in these clinical trials should include age-specific assessments, especially for

the 70+ age group.

In conclusion, the majority of older postmenopausal women had localized breast cancer

(79%) with good long term survival. Mostly affecting women of age 70+, CVD was the leading

cause of death and a major contributor to total mortality in women age 70–79 with localized

breast cancer. High prevalence of CVD risk factors prior to breast cancer was associated with

CVD and total mortality over time. Optimal efforts to prevent and treat CVD and other dis-

eases after localized breast cancer may have a bigger effect on survival of these older women

than treatment that only focus on breast cancer [16,49–51]. A small increase in morbidity or

mortality due to adverse effects of anti-cancer therapies may mitigate any breast cancer-spe-

cific survival benefit of those therapies for older women with localized breast cancer. Because

of the small number of deaths due to localized breast cancer, therapies with broader impact

than only against breast cancer may be beneficial in improving morbidity and mortality out-

comes for the majority of older women with localized breast cancer.
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