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Abstract

Background: There is growing evidence that breast cancer survivors have higher cardiovascular disease (CVD) mortality
relative to the general population. Information on temporal patterns for all-cause and CVD mortality among breast cancer
survivors relative to cancer-free women is limited. Methods: All-cause and CVD-related mortality were compared in 628
women with breast cancer and 3140 age-matched cancer-free women within CLUE II, a prospective cohort. We calculated ad-
justed hazard ratios (HRs) and 95% confidence intervals (CIs) using Cox proportional hazards regression for all-cause mortal-
ity, and Fine and Gray models for CVD-related mortality to account for competing risks. Results: Over 25 years of follow-up,
916 deaths occurred (249 CVD related). Breast cancer survivors had an overall higher risk of dying compared with cancer-free
women (HR¼1.79, 95% CI¼1.53 to 2.09) irrespective of time since diagnosis, tumor stage, estrogen receptor status, and older
age at diagnosis (�70 years). Risk of death was greatest among older survivors at more than 15 years after diagnosis
(HR¼2.69, 95% CI¼1.59 to 4.55). CVD (69.1% ischemic heart disease) was the leading cause of death among cancer-free
women and the second among survivors. Survivors had an increase in CVD-related deaths compared with cancer-free
women beginning at 8 years after diagnosis (HR¼1.65, 95% CI¼1.00 to 2.73), with the highest risk among older survivors
(HR¼2.24, 95% CI¼1.29 to 3.88) and after estrogen receptor-positive disease (HR¼1.85, 95% CI¼1.06 to 3.20). Conclusions:
Breast cancer survivors continue to have an elevated mortality compared with the general population for many years after
diagnosis. Preventing cardiac deaths, particularly among older breast cancer patients, could lead to reductions in mortality.

Advances in effective screening and treatment strategies have
led to an increasing population of over 3.8 million breast cancer
survivors in the United States (1). With 15-year survival rates
now at 80% (2), understanding the long-term health of breast
cancer survivors has become an issue of increasing importance.
Cardiovascular disease (CVD) is the second leading cause of
morbidity and mortality among breast cancer survivors overall
(3). However, women diagnosed with early-stage breast cancer
at an older age may be more likely to die from CVD than cancer
(4,5). A number of recent studies have shown that breast cancer
survivors have a greater incidence of CVD, including heart fail-
ure and cardiac arrhythmias, compared with the general popu-
lation (6–8). A higher risk of CVD may result from cancer
treatment and manifest either at the time of treatment or as a
late effect (9–12). CVD risk may also be elevated due to shared
risk factors between CVD and breast cancer, such as increasing

age, early menopause, and lifestyle factors (9,13). To determine
if breast cancer and its related treatment have an independent
effect on CVD burden, it is important to examine CVD in survi-
vors with a cancer-free comparison and to account for these
shared factors.

Previous studies of CVD mortality in breast cancer survivors
compared with the general population have been limited in
scope (14–19). To date, only 2 studies have accounted for risk
factors (18,19) and only 1 examined trends over time (18).
Furthermore, although prognosis and treatment differ by clini-
cal characteristics, whether associations vary by age at diagno-
sis, tumor stage, and estrogen receptor (ER) status remains
unclear. To address these gaps in the literature, we prospec-
tively examined all-cause and CVD-related mortality in women
diagnosed with breast cancer by clinical characteristics and
time since diagnosis relative to age-matched cancer-free
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women in a prospective community-based cohort with over
25 years of follow-up.

Methods

Study Participants and Design

The CLUE II (“Give Us a Clue to Cancer and Heart Disease”) co-
hort was formed in 1989 when 32 894 residents of Washington
County, Maryland, and the surrounding area completed an en-
rollment questionnaire and provided blood samples (20).
Written informed consent was obtained for all patients, and the
study was approved by the institutional review board of Johns
Hopkins Bloomberg School of Public Health.

For the present analysis, we identified women aged 18 years
up to and including 80 years from CLUE II with no history of can-
cer (except for nonmelanoma skin cancer or cervical carcinoma
in situ) at study enrollment who developed a first primary stage
I-III breast cancer during follow-up (through December 31, 2015)
(n¼ 628). For each woman diagnosed with breast cancer, we
randomly selected 5 cancer-free women matched on age within
1 year (n¼ 3140). A ratio of 1:5 matching resulted in the closest
matching on age at diagnosis while maintaining statistical effi-
ciency. The index date was the date of breast cancer diagnosis
for women with breast cancer and for their matched cancer-
free women.

Ascertainment of Breast Cancer

Breast cancer diagnoses were ascertained through regular link-
age to the Washington County hospital records and state cancer
registry. In our study, all breast cancers were confirmed through
pathology or medical records. Information on clinical and tumor
characteristics included date of diagnosis, age at diagnosis, tu-
mor stage, tumor size, and ER status.

Ascertainment of Death

Deaths were identified via hospital records, Maryland Vital
Statistics, National Death Index, next of kin, and obituaries
through December 31, 2015. Cause of death was ascertained
through death certificates per Centers for Disease Control and
Prevention guidelines (21). The following International
Classification of Disease codes were used to identify CVD as the
primary cause of death: 390-398, 402, 404, 410-429, I00-I09, I11,
I13, and I20-I51. These codes were defined a priori to primarily
represent deaths due to heart disease, including ischemic heart
disease, hypertensive heart disease, pulmonary heart disease,
and other heart diseases (eg, cardiomyopathy and heart failure).

Ascertainment of Covariates

Covariate information was obtained from the enrollment ques-
tionnaire in 1989. The questionnaire included information on
date of birth, anthropometric factors (weight, height), lifestyle
behaviors (smoking, alcohol use), reproductive or hormonal fac-
tors (oral contraceptive use, hormone use, and menopause sta-
tus), medication use within the past 48 hours (eg, medication
for blood pressure, cholesterol, CVD, diabetes), and socio-
demographic indicators (race or ethnicity, education). In addi-
tion, resting blood pressure and plasma total cholesterol were
measured at the time of study enrollment.

Statistical Analysis

Characteristics of breast cancer survivors and cancer-free
women were compared with frequency distributions for cate-
gorical variables and means (SDs) for continuous variables.
Breast cancer clinical characteristics were also summarized for
breast cancer survivors.

For all-cause mortality, we calculated Kaplan-Meier failure
curves and used Cox proportional hazards regression to calcu-
late hazard ratios (HRs) and 95% confidence intervals (CIs). Time
since index date was used as the underlying time metric.
Women contributed person-time from the index date to the
date of death or December 31, 2015, whichever occurred first.
The proportional hazards assumption was assessed graphically
and with Schoenfeld residuals; there was no indication that the
assumption of proportional hazards was violated. Results are
presented overall, stratified by stage (I, II or III) and ER status
(ER-positive, ER-negative), and restricted to older women at di-
agnosis (�70 years, based on the age distribution in the cohort).
To examine temporal trends, Cox proportional hazards regres-
sion models were stratified by time since diagnosis (0-5 years,
>5-15 years, and >15 years). These cut points were determined
a priori and based on clinically meaningful thresholds for risk of
breast cancer recurrence (22). Temporal trends were examined
by stage at diagnosis among ER-positive survivors and older
survivors. We used multiplicative interaction terms between
breast cancer status and time since diagnosis. Overall models
were stratified by index date (<2005, �2005) to examine
whether trends in mortality differed by year of diagnosis. We
also examined initial breast cancer treatment subgroups (radia-
tion, chemotherapy, and hormone therapy) among women with
an index date of 1998 or later because breast cancer treatment
had less than 10% missing during this time period.

We used inverse probability weighting (IPW) to standardize
the distribution of variables between survivors and cancer-free
women in both Kaplan Meier failure curves and regression mod-
els for all-cause mortality (23–26). Adjustment for covariates in-
cluded age, menopausal status, education, smoking status,
alcohol intake, body mass index (BMI), and history of oral hor-
mone use. Further details on IPW and covariates are included in
the Supplementary Methods (available online). To account for
possible changes in covariates over time, we conducted a sensi-
tivity analysis restricted to women diagnosed within 5 years of
completing the enrollment questionnaire.

For CVD-related mortality, we used a competing risk ap-
proach to account for non-CVD mortality as a competing event
(27–29). For these analyses, there were 3 potential outcomes:
CVD-related death (event of interest); non–CVD-related death
(competing event), and administrative censoring (alive at the
end of follow-up). Subdistribution hazard ratios using Fine and
Gray regression models are presented in the text. Cause-specific
hazard ratios were similar and are reported in the
Supplementary Methods (available online). Details on the com-
peting risk approach are further described in the
Supplementary Methods (available online). IPW was used to
standardize the distribution of variables for cumulative inci-
dence curves and regression models. Because the assumption
of proportional hazards by breast cancer status was violated for
CVD-related mortality, we also report associations stratified by
follow-up time.

We conducted a similar series of stratified analyses for CVD-
related mortality by stage, ER status, and older age at diagnosis.
However, temporal trends were stratified by 0-8 years vs greater
than 8 years of follow-up. These cut points were determined
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empirically based on the overall cumulative incidence curves.
We restricted estimates up to 15 years when examining tempo-
ral trends due to a small number of events in survivors after
this cut point. Temporal trends for stage II or III and results for
treatment subgroups were not included due to the small num-
ber of CVD deaths. We further conducted several post hoc anal-
yses to examine CVD-related mortality due to ischemic heart
disease.

Analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC) and Stata version 14.0 (StataCorp LP,
College Station, TX). All statistical tests were 2-sided, and P val-
ues less than .05 were considered statistically significant.

Results

Descriptive Characteristics

Table 1 describes characteristics of 3768 women by breast can-
cer status (628 breast cancer survivors, 3140 cancer-free
women). The mean age at diagnosis was 64.5 years and the me-
dian year of diagnosis was 2002 (25th-75th percentile: 1996-
2009). Breast cancers were primarily ER-positive and diagnosed
at an early stage. Among those diagnosed with ER-positive dis-
ease, tumors were primarily stage I and 2 cm or less at diagnosis
(Supplementary Table 1 available online). The mean time from
enrollment into the cohort to index date was 13.3 years
(SD¼ 7.3). Baseline characteristics were overall similar in survi-
vors compared with cancer-free women (postmenopausal:
58.8% vs 56.6%; mean BMI: 26.5 vs 26.1 kg/m2; never smokers:
61.8% vs 61.1%). In addition, variables related to cardiovascular
health, such as mean total cholesterol and blood pressure
measurements, and the proportion of women taking heart dis-
ease and diabetes medications were also similar among breast
cancer survivors and cancer-free women.

All-Cause Mortality

Over a median follow-up of 10.4 years (maximum, 26 years),
there were 916 deaths from any cause (699 in cancer-free
women, 217 in survivors) (Table 1; Supplementary Table 2 avail-
able online). All-cause mortality was consistently higher among
breast cancer survivors relative to cancer-free women after
adjusting for age, menopausal status, education level, smoking
status, alcohol intake, BMI, and hormone use (Figure 1A).
Overall, survivors had an almost 2-fold higher risk of dying
compared with cancer-free women (HR¼ 1.79, 95% CI ¼ 1.53 to
2.09). Similar results were observed for survivors when stratified
by tumor stage, ER status, and older age at diagnosis compared
with cancer-free women (Figure 1, B-D). Results restricted to
women diagnosed within 5 years of completing the enrollment
questionnaire were slightly attenuated (HR¼ 1.72, 95% CI¼ 1.29
to 2.29). For treatment subgroups, results were similar but also
attenuated compared to overall estimates (Supplementary
Table 3 available online).

Risk of death from any cause was not statistically different
over follow-up (0-5 years: HR¼ 1.91, 95% CI¼ 1.45 to 2.52; >5-
15 years: HR¼ 1.70, 95% CI¼ 1.37 to 2.11; and >15 years:
HR¼ 1.84, 95% CI¼ 1.28 to 2.66, Pinteraction ¼ .91) (Table 2).
Patterns of association were similar by stage (Pinteraction: stage I
¼ .17; stage II or III ¼ .47) and for women with ER-positive
tumors (Pinteraction ¼ .36). Among older women, risk of all-cause
mortality differed by time with a 44% increased risk of all-cause
mortality within the first 5 years after diagnosis (HR¼ 1.44, 95%

CI¼ 1.01 to 2.04) and an almost 3-fold higher risk of all-cause
mortality at more than 15 years after diagnosis (HR¼ 2.69, 95%
CI¼ 1.59 to 4.55) (Pinteraction ¼ .05).

CVD-Related Mortality

CVD-related mortality (n¼ 249 deaths) was the second most
common cause of death among survivors (20% of deaths; n¼ 44
CVD-related deaths) and the most frequent cause among
cancer-free women (29% of deaths; n¼ 205 CVD-related deaths).
Ischemic heart disease was the leading cause of CVD death
(Supplementary Table 2 available online). Based on adjusted cu-
mulative incidence curves, an increase in CVD-related deaths
among survivors was observed after approximately 8 years of
follow-up (Figure 2A). Similarly, an elevated risk of CVD-related
mortality only became apparent after several years of follow-up
among stage I, ER-positive, and older breast cancer survivors
(Figure 2, B-D).

The adjusted hazard ratio comparing CVD-related deaths in
breast cancer survivors with cancer-free women was 0.94 (95%
CI¼ 0.56 to 1.58) at 0-8 years and 1.65 (95% CI¼ 1.00 to 2.73) after
8 years of follow-up (Pinteraction ¼ .13) (Table 3). Results for ER-
positive breast cancer survivors were similar (0-8 years:
HR¼ 1.06, 95% CI¼ 0.60 to 1.86; >8 years: HR¼ 1.85, 95% CI¼ 1.06
to 3.20; Pinteraction ¼ .17). Stage I survivors did not have a statisti-
cally significant higher risk of CVD-related mortality compared
with cancer-free women even after 8 years of follow-up. Among
older women, results differed by time since diagnosis with an
over 2-fold higher risk of CVD-related mortality after 8 years in
breast cancer survivors relative to cancer-free women
(HR¼ 2.24, 95% CI¼ 1.29 to 3.88) and no statistically significant
association before 8 years (HR¼ 1.10, 95% CI¼ 0.64 to 1.88)
(Pinteraction ¼ .07). In these analyses, non–CVD-related mortality
was most commonly due to cancer (51% and 24% of non–CVD-
related deaths in survivors and cancer-free women, respec-
tively). Although survivors had a statistically significant higher
risk of non–CVD-related mortality, within the first 8 years of
follow-up, risk declined 8 years after diagnosis. Cause-specific
hazard ratios were similar and are presented in Supplementary
Table 4 (available online).

Because cardiotoxicity of cancer treatments have changed
over time, analyses were stratified by year of diagnosis
(Supplementary Table 5 available online). A statistically non-
significant elevated risk of CVD-related mortality was observed
in women diagnosed in 2005 or later but not in women diag-
nosed before 2005 (HR¼ 1.66, 95% CI¼ 0.78 to 3.55; HR¼ 1.00,
95% CI¼ 0.69 to 1.43, respectively).

Analyses examining risk of ischemic heart disease mortality
found that survivors overall had a statistically non-significant
increased risk of dying from ischemic heart disease compared
with cancer-free women (HR¼ 1.22, 95% CI¼ 0.84 to 1.79)
(Supplementary Table 6 available online). However, we ob-
served a statistically significant increased risk of ischemic heart
disease death in ER-positive (HR¼ 1.51, 95% CI¼ 1.02 to 2.25)
and older survivors (HR¼ 1.55, 95% CI¼ 1.02 to 2.34).

Discussion

After 25 years of follow-up, we observed that breast cancer sur-
vivors had a 79% higher risk of death from any cause relative to
cancer-free women. All-cause mortality was consistently higher
in survivors regardless of tumor stage, ER status, and older age
at diagnosis, whereas CVD deaths were increased only after
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Table 1. Baseline characteristics in breast cancer survivors and cancer-free women in CLUE II

Characteristic Cancer-free women (n¼ 3140) Survivors (n¼ 628)

Age at index date, mean (SD), y 64.4 (11.8) 64.5 (11.8)
White, No. (%) 3089 (98.4) 622 (99.0)
Education, No. (%)
<12 y 652 (20.8) 118 (18.8)
12 y 1523 (48.5) 290 (46.2)
>12 y 964 (30.7) 220 (35.0)
Missing 1 (0.03) 0 (0.0)

Postmenopausal, No. (%) 1777 (56.6) 369 (58.8)
Body mass index, mean (SD), kg/m2 26.1 (5.1) 26.5 (5.4)
Smoking status, No. (%)

Never 1919 (61.1) 388 (61.8)
Former 672 (21.4) 149 (23.7)
Current 549 (17.5) 91 (14.5)
Missing 0 (0.0) 0 (0.0)

Alcohol intake, No. (%)
Never or <1 drink/mo 1614 (51.4) 323 (51.4)
1-3 drinks/mo 382 (12.2) 82 (13.1)
�1 drinks/wk 1027 (32.7) 202 (32.2)
Missing 117 (3.7) 21 (3.3)

Oral contraceptive use, No. (%)
Never 1910 (60.8) 396 (63.1)
Former 998 (31.8) 183 (29.1)
Current 196 (6.2) 42 (6.7)
Missing 36 (1.1) 7 (1.1)

Hormone use, No. (%)
Never 2515 (80.1) 503 (80.1)
Former 132 (4.2) 24 (3.8)
Current estrogen only 286 (9.1) 49 (7.8)
Current estrogen þ progesterone or progesterone only 100 (3.2) 26 (4.1)
Missing 107 (3.4) 26 (4.1)

Systolic blood pressure, mean (SD), mmHg 125.9 (35.6) 126.3 (38.6)
Diastolic blood pressure, mean (SD), mmHg 79.2 (34.1) 79.9 (37.9)
Plasma total cholesterol, mean (SD), mg/dL 228.0 (119.3) 223.5 (96.8)
Current medication use, No. (%)

High–blood pressure medication 603 (19.2) 117 (18.6)
High-cholesterol medication 139 (4.4) 24 (3.8)
CVD medication 784 (25.0) 149 (23.7)
Diabetes medication 66 (2.1) 14 (2.2)

Year of breast cancer diagnosis, median (25th-75th percentile) —a 2002 (1996-2009)
Breast cancer stage, No. (%)

I — 375 (59.7)
II or III — 244 (38.9)
Unknown or missing — 9 (1.4)

Estrogen receptor status, No. (%)
Positive — 463 (73.7)
Negative — 105 (16.7)
Unknown or missing — 60 (9.6)

Vital status at end of study follow-up,b,c,d No. (%)
Death from any cause 699 (22.3) 217 (34.6)
Death from breast cancer 0 (0.0) 64 (10.2)
Death from cancer (non-breast cancer) 118 (3.8) 25 (4.0)
Death from CVD 205 (6.5) 44 (7.0)
Death from non-CVD 494 (15.7) 173 (27.6)
Administrative censoring (alive at end of follow-up) 2441 (77.7) 411 (65.4)

aNot applicable to cancer-free women. CVD ¼ cardiovascular disease.
bVital status as of December 31, 2015.
cAmong 699 deaths in cancer-free women, 29% due to CVD-related disease (n¼205) and 17% due to non-breast cancer (n¼118).
dAmong 217 deaths in breast cancer survivors, 29% due to breast cancer (n¼64), 20% due to CVD-related disease (n¼44), and 12% due to non-breast cancer (n¼ 25).
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8 years since diagnosis, particularly among women diagnosed
at an older age or with an ER-positive tumor.

Although CVD mortality has been commonly reported in
case-only studies among breast cancer survivors (3–5,30–34)
and compared with the general population in a few studies (14–
19), these studies, however, lacked information on risk factors
and trends over time. To date, only 2 studies have examined all-
cause and CVD-related mortality in breast cancer survivors rela-
tive to cancer-free women after accounting for shared risk fac-
tors (18,19) and only 1 examined temporal trends (18). Neither
study examined mortality by clinical characteristics. The first of
these studies, conducted in the Long Island Breast Cancer Study
Project from 1996 to 2009, found that breast cancer survivors
had an 80% increased risk of all-cause mortality compared with
cancer-free women (HR¼ 1.8, 95% CI¼ 1.5 to 2.1) even after ac-
counting for age, menopause, and other potential confounding
factors (18). This study also observed that CVD-related mortality
was almost 2-fold higher in breast cancer survivors relative to
cancer-free women only after 7 years since diagnosis (18).
Although results were consistent with our findings, the study
had several limitations, including a short period of ascertain-
ment for cancer cases (1996-1997), which did not extend into

the more recent treatment era, lack of follow-up for incident
cancers, minimal information on tumor characteristics, and a
shorter duration of follow-up through 2009 (maximum follow-
up, 13.5 years). The second study, conducted in the Women’s
Health Initiative (WHI) from 1993 to 2010, reported a higher total
mortality rate in women with localized breast cancer compared
with cancer-free women. The study also found that CVD was
the leading cause of death among women aged 70-79 years at
breast cancer diagnosis (19). Results were restricted to 10 years
postdiagnosis and may be less generalizable because WHI par-
ticipants were postmenopausal women aged 60-79 years who
had a predicted survival of more than 3 years at enrollment.
Notably, the WHI study did not stratify by time since diagnosis,
which may have attenuated any increase in CVD mortality
among breast cancer survivors compared with cancer-free
women.

Our results suggest that ischemic heart disease is a major
cause of CVD death among breast cancer survivors. Primary
mechanisms that have been proposed for CVD risk among sur-
vivors include both a higher prevalence of CVD risk factors (eg,
older age, obesity, hypertension, diabetes, and physical inactiv-
ity) (35) and cardiotoxic effects from breast cancer treatment

Figure 1. Adjusted Kaplan-Meier failure curves and hazard ratios (HRs) with 95% confidence intervals (CIs) for all-cause mortality in breast cancer survivors compared

with cancer-free women. Figures are presented overall (A) and by stage at diagnosis (B), estrogen receptor (ER) status (C), and restricted to women aged 70 years or older

at diagnosis (D). Results are adjusted for age (years), menopausal status (premenopausal, postmenopausal), education (<12, 12, >12 years), smoking status (never, for-

mer, current), alcohol intake (<3 drinks/mo, �1 drinks/wk), body mass index (<25, 25 to <30, �30 kg/m2), and oral hormone use (ever, never) using inverse probability

weighting. P values from log-rank tests were less than .001 for figures A–D.
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(36). Radiotherapy, particularly to the left side of the chest wall,
has been associated with both cardiomyopathy and ischemic
heart disease (37). Radiation-related ischemic heart disease has
been shown to develop within a few years after exposure or as a
late-effect up to 20 years after treatment (38). The development
of cardiomyopathy and subsequent heart failure has also been
associated with the use of specific chemotherapeutic agents (eg,
anthracyclines) and trastuzumab, a targeted therapy used to
treat human epidermal growth factor receptor 2-positive breast
cancers. Finally, aromatase inhibitors used to treat postmeno-
pausal ER-positive breast cancer have been associated with an
increased risk of CVD events (39) as well as hypertension, vascu-
lar dysfunction, and unfavorable lipid changes (40–42).

Adding to the literature, our findings support that CVD may
manifest as a late toxicity and that older women and women di-
agnosed with ER-positive tumors are most at risk, particularly
for ischemic heart disease death. It is plausible that hormone
therapy may be driving the elevated mortality in women with
ER-positive tumors. Survivors treated with aromatase inhibitors
may have increased CVD relative to those treated with tamoxi-
fen therapy (43), and this may be of particular importance
among older women (44). However, the effect of hormone ther-
apy when compared with no treatment is still uncertain. The
underlying mechanisms of higher CVD-related mortality in
older breast cancer survivors may be due to treatment-related
cardiotoxicity (9) and higher prevalence of shared risk factors or
comorbidities compared with the general population (45).

Strengths of our study include the fact that both women
with breast cancer and cancer-free women were from the same
community-based cohort, which had data on risk factors and
tumor characteristics and over 25 years of follow-up. There are
also several limitations of our study. First, power was limited to
detect more modest associations and interactions. Further, we
were unable to conduct subgroup analyses by breast cancer
treatment for CVD-related mortality. However, we did examine
associations by tumor characteristics, which can be considered
proxies for hormone therapy treatment because ER status is
highly correlated with hormone therapy (46) and early-stage ER-
positive tumors may be treated with hormone therapy alone.
Finally, our study consisted of primarily White participants
(>98%) and, although population based, was restricted to
women living in Washington County, Maryland. Therefore,
results may not be generalizable to women of other racial
groups or women outside of Washington County. Future studies
are needed to examine these associations over time among
more diverse populations.

In conclusion, our results show that breast cancer survivors
continue to have an elevated long-term risk of mortality com-
pared with the general population, supporting the need for
novel approaches to reduce mortality in these women.
Survivors, particularly those diagnosed at an older age or with
an ER-positive tumor, may have a higher risk of dying from CVD
than comparable cancer-free women and therefore would bene-
fit from targeted approaches to CVD prevention. Large

Table 2. Adjusted hazard ratios and 95% confidence intervals for all-cause mortality according to time since diagnosis and clinical characteris-
tics at breast cancer diagnosis

Cancer-free Survivors

Time since breast cancer diagnosis Events/PT HR (95% CI)a Events/PT HR (95% CI)a

Overall
0-5 y 191/13 900 1.00 (ref) 70/2694 1.91 (1.45 to 2.52)
>5-15 y 371/16 726 1.00 (ref) 110/2924 1.70 (1.37 to 2.11)
>15 y 137/4620 1.00 (ref) 37/716 1.84 (1.28 to 2.66)
Pinteraction

b — .91
Clinical characteristics
Stage I

0-5 y 191/13 900 1.00 (ref) 28/1619 1.27 (0.85 to 1.90)
>5-15 y 371/16 726 1.00 (ref) 61/1766 1.55 (1.18 to 2.04)
>15 y 137/4620 1.00 (ref) 23/418 1.93 (1.24 to 3.00)
Pinteraction

b — .17
Stage II or III

0-5 y 191/13 900 1.00 (ref) 40/1035 2.81 (1.99 to 3.96)
>5-15 y 371/16 726 1.00 (ref) 48/1106 1.98 (1.45 to 2.70)
>15 y 137/4620 1.00 (ref) 14/269 1.93 (1.09 to 3.40)
Pinteraction

b — .47
ER-positive

0-5 y 191/13 900 1.00 (ref) 45/1993 1.66 (1.20 to 2.31)
>5-15 y 371/16 726 1.00 (ref) 84/2114 1.81 (1.42 to 2.30)
>15 y 137/4620 1.00 (ref) 29/507 2.11 (1.42 to 3.15)
Pinteraction

b — .36
Age �70 y

0-5 y 147/4649 1.00 (ref) 41/902 1.44 (1.01 to 2.04)
>5-15 y 246/4292 1.00 (ref) 70/717 1.76 (1.35 to 2.30)
>15 y 64/635 1.00 (ref) 14/54 2.69 (1.59 to 4.55)
Pinteraction

b — .05

aAdjusted for age (years), menopausal status (premenopausal, postmenopausal), education (<12, 12, >12 years), smoking status (never, former, current), alcohol intake

(<3 drinks/mo, �1 drinks/wk), body mass index (<25, 25 to <30, �30 kg/m2), and oral hormone use (ever, never) using inverse probability weighting. CI ¼ confidence in-

terval; ER ¼ estrogen receptor; HR ¼ hazard ratio; PT ¼ person-time in years.
bP value for interaction between breast cancer status and time.
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prospective studies are needed to evaluate specific breast can-
cer treatments on CVD incidence and mortality compared with
the general population.
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Figure 2. Adjusted cumulative incidence function and subdistribution hazard ratios (HRs) with 95% confidence intervals (CIs) for cardiovascular disease (CVD)-related

mortality, both of which account for competing risks, in breast cancer survivors compared with cancer-free women. Figures are presented overall (A) and by stage at di-

agnosis (B), estrogen receptor (ER) status (C), and restricted to women aged 70 years or older at diagnosis (D). Results are adjusted for age (years), menopausal status

(premenopausal, postmenopausal), education (<12, 12, >12 years), smoking status (never, former, current), alcohol intake (<3 drinks/mo, �1 drinks/wk), body mass in-

dex (<25, 25 to <30, �30 kg/m2), and oral hormone use (ever, never) using inverse probability weighting. Subdistribution hazard ratios are estimated from Fine and

Gray models.
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