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ABSTRACT

Background: Only few existing studies have investigated the mortality from cardiovascular disease
(CVD) in women with breast cancer (BC). The aim of this study was to investigate CVD mortality in
patients with BC compared with a matched control group without BC using national registry data.
Material and methods: We followed 16,505 Danish women diagnosed with BC in 2003-2007 up to
10 years after BC diagnosis compared with 165,042 matched controls from the general Danish popula-
tion. The matching criteria included gender, age, region of residence, and education. We performed
multivariate Cox regression analyses to investigate the influence of preexisting CVD on mortality.
Moreover, we used the cumulative incidence and conditional probability functions to study the risk of
CVD-related death in the presence of competing risk, i.e., the risk of dying from other causes than CVD.
Results: We found that preexisting CVD increased both overall mortality and CVD mortality in both
patients with BC and controls. Furthermore, we found that patients with BC were at lower risk of
dying from CVD up to 10 years after BC diagnosis compared with controls. The cumulative incidence
of CVD as underlying cause of death was 4.0% in patients with BC and 5.7% in controls after 10 years.
The most common CVD-related causes of death were ischemic heart disease including acute coronary
syndrome, cerebrovascular accident, heart failure, and atrial fibrillation.

Discussion: Our study contributes to the growing body of work on BC and comorbidities and high-
lights the importance of CVD in individuals with BC. Further studies are needed to confirm our finding
that patients with BC are at lower risk of dying from CVD up to 10 years after BC diagnosis compared
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with a matched control group without BC

Background

Breast cancer (BC) is the most frequent type of cancer in
women worldwide and responsible for approximately 25% of
all new cancer cases in women [1]. In Denmark as in other
Northern European countries, BC incidence has increased over
recent decades [2]. In combination with improved survival rates
[2], this has resulted in a growing number of BC survivors; the
majority of whom will die from other causes than BC.

The risk of dying from cardiovascular disease (CVD) may be
higher in BC survivors due to cardiotoxic effects of some can-
cer treatments as well as shared risk factors between BC and
CVD [3,4]. For example, metabolic syndrome (cluster of interre-
lated abnormalities including central obesity, insulin resistance,
dyslipidemia, and hypertension) is a well-known risk factor of
CVD and has also been associated with increased of risk of BC
[5]. It is widely documented that comorbidity, including CVD,
is associated with higher mortality in patients with BC [6-11].
It is, however, still unclear whether CVD mortality is higher in

BC survivors compared with women without BC. Most existing
studies have investigated CVD mortality in BC survivors with-
out comparison to the general population. A recent literature
review [3] found only two studies investigating CVD mortality
in BC survivors compared with women without BC [12,13].

The aim of this study was to investigate CVD mortality in
patients with BC compared with a matched control group
without BC based on a large real-world dataset covering the
entire Danish population. Compared with previous studies
[12,13], our study includes a larger and less segmented study
population of patients with BC and a more precisely
matched control group.

Material and methods

In this population-based cohort study, we studied CVD mor-
tality in patients with BC up to 10 years after BC diagnosis
compared with a matched control group without BC.
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Study population

The group of patients with BC consisted of all women 18+
years old diagnosed with BC in Denmark between 1 January
2003 and 31 December 2007 without prior cancer diagnosis.
We used the International Classification of Disease 10th revi-
sion (ICD10) code C50* to identify patients with BC, date of
diagnosis and cancer disease stage when diagnosed (with
and without distant metastasis). We retrieved this informa-
tion from the Danish Cancer Registry. The Danish Cancer
Registry is a research registry containing information on the
incidence of cancer in the Danish population since 1943 [14].
We used the diagnosis date as index date. As we focused on
newly diagnosed cancer-naive patients with BC, we excluded
women with any cancer diagnosis prior to the index date.
Due to lack of data on patients diagnosed with cancer out-
side Denmark, we also excluded women who had lived out-
side Denmark for more than one year when they were 18+
years old.

We used exact matching to identify a control group of
women from the general population in Denmark. First, we
assigned a random index date to each 18+ year old woman
without BC in Denmark (the potential control group). In the
same manner as the BC group, we excluded women with
any cancer diagnosis up to and including the index year as
well as women who had lived outside Denmark for more
than one year when they were 18+ vyears old. Then, we
selected 10 controls for each BC patient matched according
to index year, age (<30, 30-34, 35-39, ..., 85+), region of
residence (Capital, Zealand, Southern Denmark, Central
Jutland, or Northern Jutland) and education (low, medium,
high, or unknown).

Outcome

Our primary outcome of interest was CVD-related death. We
relied on information from the Danish Register of Causes of
Death [15] and distinguished between different types of
CVD-related deaths based on the following ICD10 codes:

e Heart valve disease: 1050, 1051, 1340, 1341, 1342, 1349, 1350,
1351, 1359;

Hypertension: 110, 111, 112, 113, 114, 115, 1110, 1130, 1132);
Ischemic heart diseases and acute coronary syndrome:
120, 121, 122, 125, 1252;

e Pulmonary heart disease: 126, 127, 128;

e Atrial fibrillation: 148;

e Other cardiac fibrillations: 149;

e Heart failure: 1420, 1426, 1427, 1429, 1110, 1130, 1132, I50;

e Peripheral vascular disease: 1790, 1739, Z958, Z959,

171, RO2;

Thrombophlebitis and thrombosis: 180, 182;

e Cerebrovascular accident: 160, 166, G46, 169, 1670, 1672,
1674, 1679, 1681, 1682, 1688, G451, G452, G454, G458, G459.

In the main analysis, we included CVD-related deaths
reported as underlying cause of death, i.e., ‘the disease or
injury, which initiated the train of morbid events leading

directly to death, or the circumstances of the accident or vio-
lence which produced the fatal injury’ [16]. We also performed
a sensitivity analysis where we included CVD-related deaths
reported as either underlying, direct or contributing cause.

Covariates

We defined CVD at index date as at least one primary or sec-
ondary CVD diagnosis in the National Patient Registry up to
five years prior to the index date. The National Patient
Registry contains information on all patients discharged from
Danish hospitals since 1977 and on emergency department
and outpatient visits since 1995 [17]. For each hospital con-
tact, the registry holds information on one primary and
optional secondary diagnoses, where the primary diagnosis
is the main reason for the hospital contact and secondary
diagnoses identify other relevant diseases.

Similarly, we defined diabetes at index date as at least
one primary or secondary diabetes diagnosis in the National
Patient Registry up to five years prior to the index date.

Data on age, residence, and education were obtained
from the Civil Registration System [18] and national educa-
tion registers [19].

Statistical analysis

First, we performed multivariate Cox regression analyses to inves-
tigate the influence of CVD at index date on all-cause mortality
(model 1) and CVD mortality (model 2) during the 10-year
follow-up period. Patients with BC and controls were analyzed
separately with persons without CVD at index date as reference.

Next, we used the cumulative incidence function to study
the risk of CVD-related death in patients with BC and controls
as other recent studies [13,20,21]. The cumulative incidence
function allows for estimation of the incidence of the occur-
rence of an event such as CVD-related death taking competing
risks into account [22]. A competing risk is an event whose
occurrence precludes the occurrence of the primary event of
interest [22,23]. For example, if a person dies from BC, this per-
son cannot die from CVD. Common practice is to consider a
competing risk as a censoring event and use traditional estima-
tors from survival analysis when computing the risk of the pri-
mary event of interest. However, the complement of the
Kaplan—-Meier estimator of the survival function, also known as
the failure function, will overestimate this risk [24]. In the pres-
ence of competing risks, we need to take into account that the
other causes of death indeed influence the probability of surviv-
ing, and that individuals who have died from other causes are
no longer at risk of dying from the cause under study [25]. We
followed patients with BC and controls from the index date
until the occurrence of one of the following three events:
death, emigration, or end of the 10-year follow-up period
(whatever happened first). Our primary event of interest was
CVD-related death, and we treated all other causes of deaths as
competing risks. We applied the cumulative incidence formula
by Marubini and Valsecchi [26] and calculated 95% confidence
intervals by log transformation (Iog(log(ff-')), where F is the
cumulative incidence function) [27].



The cumulative incidence function does not offer com-
plete understanding of competing risk data, as the cumula-
tive incidence function of the event of interest may appear
low only because the cumulative incidence function of the
competing risk is high [26]. Therefore, we also computed the
conditional probability function, which shows the probability
at time t of observing the event of interest conditional on
the individual not experiencing a competing risk event at
time t (mathematically, it is the failure function of the pri-
mary event of interest divided by the complement of the
failure function for the competing risk events).

The analyses were performed using Stata 14.2 (StataCorp,
College Station, TX, USA). We evaluated the statistical signifi-
cance of differences between groups using 95% confidence
intervals as well as two-sided t-tests and Pepe and Mori's
tests with 5% level of significance. The Pepe and Mori's test
was used when comparing the cumulative incidence func-
tions of patients with BC and controls [28,29].

Results

The study population included 16,505 patients with BC and
165,042 matched controls (see Table 1). In a previous study,

Table 1. Baseline characteristics of patients with BC and controls.

Patients with BC Controls
N = 16,505 N = 165,042

Age

<45 10% 10%

45-54 20% 20%

55-64 29% 29%

65-74 21% 21%

75+ 19% 19%
Region of residence

Northern Jutland 10% 10%

Central Jutland 20% 20%

Southern Denmark 23% 23%

Capital 30% 30%

Zealand 16% 16%
Education

Low 38% 38%

Medium 37% 37%

High 18% 18%

Unknown 6% 6%
CVD and diabetes diagnoses in NPR

cvD 15.6% 15.1%

Diabetes 3.0% 2.6%
Cancer disease stage when diagnosed with BC

Without distant metastasis or unknown 94% N.a.

With distant metastasis 6% N.a.
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we found that CVD and diabetes comorbidity at index date
were slightly higher in patients with BC than controls [30].

At the end of the 10-year follow-up period, 39% of
patients with BC and 21% of controls had died (data not
shown). Mortality from all causes as well as CVD mortality
were higher in persons with CVD at index date compared
with persons without CVD (see Table 2). However, the hazard
ratio (HR) of dying of all causes with CVD at index date was
higher in controls (HR = 1.8) than in patients with BC
(HR = 1.4) (see Table 2, model 1) which may be explained
by higher mortality in patients with BC in general. When
focusing on deaths from CVD with CVD at index date, HR
was similar in patients with BC (HR = 2.5) and controls
(HR = 2.6) (see Table 2, model 2).

The cumulative incidence function showed a lower risk of
dying from CVD in patients with BC compared with controls
during the 10-year follow-up, including both persons with
and without CVD at index date (see Figure 1). The condi-
tional probability function confirmed this picture (see Figure
2). The risk of dying from CVD as underlying cause of death
was 4.0% in patients with BC and 5.7% in controls after
10 years (see Figure 1(a)). The risk of dying from CVD
remained lower in patients with BC than controls in the sen-
sitivity analysis where all CVD-related deaths were included
no matter whether reported as underlying, direct or contri-
buting cause (see Figure 1(b)). However, the difference
between patients with BC and controls decreased compared
with the main analysis.

The most common CVD-related causes of death in the
main analysis were ischemic heart disease including acute
coronary syndrome, cerebrovascular accident, heart failure,
and atrial fibrillation. The cumulative incidence of death from
all four types of CVD was higher in controls than in patients
with BC within the 10-year follow-up period (see Figure 3).

Discussion

We used registry data covering the entire Danish population
to investigate CVD mortality in patients with BC up to
10 years after BC diagnosis compared with a matched con-
trol group without BC. We found that CVD at index date
increased CVD mortality in both BC survivors and controls.
This finding is in accordance with existing evidence as
numerous studies have shown that patients with BC with
comorbidity are at increased risk of dying of BC as well as

Table 2. Multivariable analysis of hazard ratio (HR) of death with CVD at index date (persons without CVD at index date as reference).

Model 1: death from all causes [95% Cl]

Model 2: Death from CVD [95% Cl]

Controls Patients with BC Controls Patients with BC
CVD at index date 1.753%%* 1.406%** 2.565%** 2.456%**
[1.712, 1.794] [1.322, 1.496] [2.461, 2.673] [2.095, 2.880]
Number of observations, N 165,041 16,505 165,041 16,505

In each model, the following groups of covariates were included: age, region of residence, education, and index year. In the models for
patients with BC, cancer disease stage when diagnosed with BC (with or without distant metastasis) was also included as a covariate. The

model specification used the variables listed in Table 1.
95% confidence intervals in brackets.
xRk <001,
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(@ Main analysis: CVD as underlying cause of
death

(b) Sensitivity analysis: CVD as underlying,
direct or contributing cause of death
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Figure 2. Conditional probability of CVD-related death, proportion with CVD-
related death conditional on the individual not experiencing a competing
risk event.
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other causes [6-11]. By focusing on CVD mortality in particu-
lar, our study contributes to existing evidence in this area.

As our main contribution, we found that patients with BC
were at lower risk of dying from CVD up to 10 years after BC
diagnosis compared with controls in the presence of com-
peting risks. This included deaths from CVD in general as
well as deaths from specific types of CVD such as ischemic
heart disease including acute coronary syndrome, cerebro-
vascular accident, heart failure, and atrial fibrillation. This
finding is interesting as a literature review from 2017 on dif-
ferent aspects relating to CVD in patients with BC [3] found
that CVD mortality was higher in women with BC compared
with women without BC. This conclusion is mainly based on
existing studies by Bradshaw et al. and Riihimaki
et al. [12,13].

The study by Bradshaw et al. [12] included 1413 American
patients with BC diagnosed in 1996-1997 and compared
them with 1411 age-matched controls without BC taking the
presence of competing risks into account. Vital status and

primary causes of death until 2009 were established based
on registry data. Bradshaw et al. found that the risk of CVD-
related death was higher among in patients with BC than in
the matched control group without BC, but the increased
risk was evident only seven years after BC diagnosis. In the
early years after BC diagnosis, the risk of CVD death was
lower in patients with BC compared with controls. The study
by Bradshaw et al. included a 10 times smaller study popula-
tion than in our study, and the patients included were
invited to participate which may have resulted in a more
selected group of patients with BC with relatively
good prognosis.

The study by Riihimaki et al. [13] investigated the risk of
dying from different causes including CVD in Swedish
patients with BC compared with a control group without BC.
The study was based on registry data covering all women
born between 1931 and 1977 and residing in Sweden during
the study period 1987-2006. Riihimaki et al. found that
patients with BC had increased risk of dying of various
causes, including heart failure and diseases in pulmonary cir-
culation, compared with the control group. Riihimaki et al.
relied only on traditional Cox regression models and did not
compute cumulative incidence or conditional probability
functions to analyze the risk of CVD-related death in the
presence of competing risks, as we did in our study. As pre-
sented in section ‘Material and Methods’, the risk of dying
from CVD may be overestimated when competing risks are
not taken into account.

A recent nationwide registry study by Buddeke et al. [21],
not included in the literature review from 2017 mentioned
above [3], investigated CVD mortality in 163,881 Dutch
women admitted to hospital for BC during 1996-2010 com-
pared with women from the general population. They found
that the risk of dying from CVD was lower in patients with
BC than in women from the general population, as we did.
The 10-year CVD mortality decreased from 5.6% in patients
with BC diagnosed in 1996 to 4.1% in patients with BC diag-
nosed in 2005 (relative reduction of 26.8%), and from 7.3%
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Figure 3. Cumulative incidence of death related to different types of CVD in the presence of competing risks, proportion with CVD as underlying cause of death.

to 5.5% in women from the general population in the same
period (relative reduction of 24.7%). There is thus a striking
similarity between our results and the 10-year CVD mortality
estimated by Buddeke et al. for the 2005 population.

A new study by Ramin et al. investigated CVD mortality in
628 American women diagnosed with early stage BC over a
follow-up period up to 25 years [20]. They find a higher CVD
mortality for patients with BC after 10 years compared to a
matched control group but only for women diagnosed
before 2005.

Both the study by Buddeke et al. as well as the study by
Riihimaki et al. compared women with BC with women from
the general population adjusting for differences in age.
Bradshaw et al. and Ramin et al. also included a geographical
parameter by identifying a control group consisting of
women without BC from the same area as patients with BC
matched 1:1 and 1:5 respectively according to age. In our
study, though, we matched 1:10 according to both gender,
age, region of residence, and education in order to make the
group of patients with BC and controls more comparable.

Differing results may also reflect changes in CVD mortality
in patients with BC over time following efforts to reduce the
risk of CVD induced by BC treatments as well as improve-
ments in pharmacological prevention of CVD and non-
pharmacological prevention programs. It is possible that
increased focus on cardio-oncology and closer cardiac

monitoring of patients with BC after BC diagnosis today
results in earlier diagnosis and better treatment of CVD com-
pared to the general population. The higher focus on cardio-
oncology today could help to improve this. Furthermore,
positive lifestyle changes, which reduce the risk of CVD-
related death, may be more prevalent among patients with
BC after BC diagnosis following recommendations to improve
BC prognosis and optimize overall health [31].

Strengths and limitations

The present study is a study at the population level includ-
ing women diagnosed with BC in Denmark during the period
2003-2007 as well as a control group without BC matched
to patients with BC according to gender, age, region of resi-
dence, and education. Women with BC were identified from
the Danish Cancer Registry, which has a high completeness
and validity [14], and we used the cumulative incidence and
conditional probability functions to analyze CVD mortality in
the presence of competing risks [22,23]. Since patients with
BC had a higher risk of dying during the 10-year follow-up
period than controls, ignoring competing risks could induce
a substantial bias. Our study design allowed us to compare
CVD mortality in women with BC and women without BC
and produce results that are applicable at the national level.
These are the major strengths of our study.
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Our study also has limitations. The study relied on death
certificate information in the Danish Register of Causes of
Death, which is a potential source of misclassification. A
recent study from Norway [32] assesses the validity of cause
of death when attributed to cancer and conclude that for
most cancers including BC the cause of death attributed to
cancer is correctly reported. Hence, the risk of misclassifica-
tion of cause of death due to BC should be low. The results
from Norway are likely transferable to Denmark. In our study,
less than 10% of patients with BC, who are registered with
BC as underlying cause of death, had no contact to hospital
with a cancer diagnosis within 6 months before time
of death.

We have not found Danish studies that examine the valid-
ity of death causes for BC patients, but a recent Danish study
[33] has examined the validity of death certificates for pros-
tate cancer patients in the Danish Register of Causes of
Death against blinded medical records review. This study
found that information in the Danish Register of Causes of
Death overestimate the proportion of deaths attributable to
prostate cancer, the proportion of misattribution ranging
from 5% to 21%. However, the survival rate for prostate can-
cer is high and these patients tend to die at an old age
where cause of death is more difficult to assess.

The share of patients with BC who die of BC in our study
declines with age of death, whereas the share of people
dying of CVD increases with age for both groups. Survival
time seems unrelated to age of death. If physicians tend to
attribute the cause of death to cancer for patients with can-
cer, we expect this tendency to diminish with time since BC
diagnosis resulting in an increase in the share dying from
other causes, including CVD. In the group of patients with
BC, who die during the 10-year follow-up period, the share
of women who are registered as dying of BC is falling over
time, whereas the share who is registered as dying of CVD is
constant over time and around 10%. This indicates that mis-
classification in the Register of Causes of Death is probably
not a major problem in our study.

Another limitation of our study is our relatively short 10-
year follow-up period compared to the study by Ramin et al.
Further research with longer follow-up might show a higher
CVD mortality for patients with BC.

Furthermore, there is always a risk of confounding in
observational studies. The risk of confounding related to age,
region of residence, and education was minimized by exact
matching in our study. Furthermore, our data showed that
patients with BC and controls were almost similar with
regard to CVD and diabetes comorbidity at index date. Still,
patients with BC and controls in our study might differ on
non-observable factors such as smoking and other lifestyle
factors, which influence CVD mortality. However, we believe
that the risk of confounding due to such non-observable fac-
tors was limited because our study was carried out at the
population level, including all women diagnosed with BC in
Denmark in 2003-2007 without a prior cancer diagnosis.
Furthermore, patients with BC and controls were matched
according to education, which is often used as a proxy
for lifestyle.

Conclusion

In summary, our study results show that preexisting CVD
increase CVD mortality in both patients with BC and controls
during a 10-year follow-up period. Our main finding is a
lower CVD mortality in patients with BC compared with con-
trols, including both persons with and without CVD at index
date. This result may reflect closer cardiac monitoring and
increased focus on cardio-oncology, resulting in earlier diag-
nosis and better treatment of CVD in patients with BC.
Further studies are needed to confirm that patients with BC
have a lower risk of dying from CVD up to 10 years after BC
diagnosis and identify possible reasons.
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