
Temporal Trends in the Prevalence of Cancer and Its Impact on
Outcome in Patients With First Myocardial Infarction: A Nationwide
Study
Matthijs A. Velders, MD, PhD; Emil Hagstr€om, MD, PhD; Stefan K. James, MD, PhD

Background-—Coexistence of cancer and cardiovascular disease is increasingly frequent, but nationwide data covering cancer
patients with myocardial infarction (MI) are scarce. We sought to investigate the prevalence of cancer in patients with first MI, and
its impact on cardiovascular and bleeding outcome.

Methods and Results-—Using nationwide Swedish quality registries, all patients admitted for first MI between 2001 and 2014
were identified. Data on comorbidity, cancer, and outcome were obtained from the national cancer and patient registries.
Stratification was performed according to cancer during the 5 years before MI. Multivariable Cox proportional hazards analyses
adjusting for cardiovascular risk factors and invasive treatment assessed the association of cancer with outcome. In total, 175 146
patients with first MI were registered, of whom 9.3% (16 237) had received care for cancer in the 5 years before admission. The
cancer rate increased from 6.7% in the years 2001–2002 to 10.7% in 2013–2014, independent of sex and cancer type. The
presence of a new cancer diagnosis within 5 years increased from 4.9% to 6.2%. During a median follow-up of 4.3 years, cancer
was associated with all-cause mortality (hazard ratio, 1.44; 95% CI, 1.40–1.47), recurrent MI (hazard ratio, 1.08; 95% CI, 1.04–
1.12), heart failure (hazard ratio, 1.10; 95% CI, 1.06–1.13), and major bleeding (hazard ratio, 1.45; 95% CI, 1.34–1.57). Risk for
adverse events varied strongly according to cancer extent, timing, and type.

Conclusions-—Cancer as a comorbid disorder is increasing and is strongly associated with mortality, severe bleeding, and adverse
cardiovascular outcome after first MI. ( J Am Heart Assoc. 2020;9:e014383. DOI: 10.1161/JAHA.119.014383.)
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T he increasing cancer incidence and improving treatment
regimens for malignancy are resulting in a higher

prevalence of cancer as well as more individuals considered
cancer survivors after successful treatment.1,2 As such, the
occurrence of cardiovascular disease in patients with current
or previous cancer is expected to increase, since more
patients with cancer live to develop cardiovascular disease.
Additional co-occurrence of cancer and cardiovascular dis-
ease may be explained by shared risk factors and biological

mechanisms such as inflammation and oxidative stress.3

Cancer treatment may also directly cause cardiovascular
complications such as heart failure, ischemia, and throm-
boembolism.4 Because of the exclusion of patients with
cancer from most cardiovascular trials and a paucity of large
unselected observational studies, there are limited data on
the prognosis and treatment of these complex patients, with
risk of both undertreatment and treatment complications.

The current nationwide registry study sought to investigate
temporal trends in the prevalence of cancer in patients admitted
with first myocardial infarction (MI) and its impact on outcome.

Methods

Data Availability Statement
The data that support the findings of this study are available
from the corresponding author on reasonable request.

Population
Patients with acute MI admitted to a cardiac care unit in
Sweden between January 1, 2001, and December 31, 2014,
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were identified using the national quality registry for MI
(SWEDEHEART [Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease
Evaluated According to Recommended Therapies]). SWEDE-
HEART includes all consecutive patients and contains data
on general demographics, cardiovascular risk factors, phar-
macological treatment during hospitalization, in-hospital
complications, and invasive management. The database
was linked to the patient registry (containing International
Classification of Diseases, Ninth Revision and 10 [ICD-9 and
-10] codes for inpatient and outpatient care), providing data
on comorbidity before index hospitalization, as well as
events after discharge. ICD codes concerning cancer care
were also obtained from the patient registry. Time of
diagnosis as well as cancer stage were obtained from the
national cancer registry. The most recent registration was
chosen from the national cancer registry in the case of
multiple registrations. Mortality statistics, including cause of
death, were obtained from the national cause-of-death
registry. The information in these registries is registered by
the treating physicians. Patients were followed from
admission date to either the occurrence of an outcome
or until December 31, 2014, using the personal identifica-
tion number that all Swedish citizens have. Therefore, no
patients are lost to follow-up, except in the case of
emigration. In accordance with Swedish law, all patients are
informed about their participation in the SWEDEHEART
registry and the right to get their data erased from the
registry on request. The study complied with the Declara-
tion of Helsinki and was approved by the Regional Ethical
Review Board at Uppsala University, Sweden (registration
number, dnr 2013/525).

Definitions
Patients were designated into the cancer subpopulation if 1 of
2 criteria were met:

1. A cancer ICD code was recorded in the patient registry
during the 5 years before MI, indicating hospital admission
for cancer or outpatient care for cancer.

2. A diagnosis of cancer was registered in the national cancer
registry during the 5 years before MI, indicating the time
of cancer diagnosis.

Either one of these criteria sufficed, and a majority of
patients met both criteria. The 5-year time period was decided
through clinical judgement.

Cancer was defined according to ICD coding categories
(specified in Data S1). Nonmelanoma skin cancer, benign
neoplasms, and neoplasms of uncertain or unknown behavior
were not included in the cancer group but in the group of
patients without cancer.

Baseline characteristics as well as outcome definitions
are specified in Data S1. Mortality was considered to be
attributable to cardiovascular causes if the main cause of
death was registered as a cardiovascular ICD code (category
I), and cancer related with the use of a cancer ICD code
(category C). MI and hospitalization for heart failure were
defined by ICD coding (Data S1). Classification of index MI
into subtypes was available from 2010 and forward.5,6 This
classification was also used to evaluate the rate of type 2 MI
after discharge for patients admitted from 2010 and
forward.

Bleeding was defined according to categories as vali-
dated by Friberg and Skeppholm.7 Bleeding was divided into
fatal bleeding, nonfatal major bleeding, bleeding requiring
hospitalization, and gastrointestinal bleeding (Data S1).
Furthermore, a composite end point of fatal bleeding and
nonfatal major bleeding was created. Stroke was
categorized as ischemic or hemorrhagic, and venous
thromboembolism was reported including pulmonary embo-
lism.

Statistical Analysis
For the current analysis, only patients with no prior MI, as
evaluated using the SWEDEHEART and patient registry,
were selected. This was done to reduce selection bias.
Patients with unstable angina were excluded. To identify
trends over time, population characteristics were evaluated
according to year of admission grouped into 2-year blocks,
with subsequent stratification according to sex. Further-
more, the population was stratified according to cancer in
the 5 years before hospitalization. Categorical variables are
presented as percentages and compared by chi-squared
test. Continuous variables are presented as median and

Clinical Perspective

What Is New?

• Our nationwide study shows that the prevalence of cancer
in patients with first myocardial infarction is increasing.

• Furthermore, cancer is associated with long-term adverse
outcome, including mortality, severe bleeding, recurrent
myocardial infarction, and heart failure.

What Are the Clinical Implications?

• Risk for adverse events varied strongly according to cancer
extent, timing, and type and need to be taken into
consideration when treating these high-risk patients.

• Due to the enormous heterogeneity of the cancer popula-
tion, multidisciplinary evaluation with care tailored to the
individual patient by both cardiologists and oncologists is
needed to reduce risk for cardiovascular and bleeding
complications.
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interquartile range and compared using Kruskall–Wallis test.
A P value <0.05 was considered statistically significant. For
the trend analyses of cancer types, correction for multiple
comparisons was performed according to Bonferroni.
Unadjusted survival rates were shown using Kaplan–Meier
curves. Cox proportional hazard regression analyses were
performed to investigate the association between cancer
and outcome, adjusting for age, sex, diabetes mellitus,
hypertension, smoking status, previous heart failure, previ-
ous percutaneous coronary intervention, previous coronary
artery bypass grafting, chronic kidney disease, peripheral
arterial disease, indication for admission, previous stroke,
year of admission (as a categorical variable), and percuta-
neous coronary intervention during hospitalization. These
variables were selected according to clinical relevance, and
all variables were included in the models simultaneously.
Cases with missing covariate values (N=3565; 2.0%) were
dropped from the multivariable analyses. The proportional
hazards assumption was assessed visually for the covari-
ates of the Cox proportional hazards models using Kaplan–
Meier curves, with subsequent plotting of the Schoenfeld
residuals in those variables possibly violating the propor-
tional hazards assumption. These analyses showed that 1
confounder, type of myocardial infarction, violated the
proportional hazard assumption because of a higher initial
mortality in patients with ST-elevation MI compared with
patients with non–ST-elevation MI, but a lower late
mortality in patients with ST-elevation MI. Because the
differences between patients with and without cancer were
limited with regard to the distribution of the type of MI, no
further measures were taken. Echocardiographic left ven-
tricular ejection fraction was considered as a covariate but
was not included to the large number of missing values
(33.9%), which were likely to be nonrandomly missing in the
sickest patients.

Using the same models, multivariable Cox proportional
hazards analyses were performed to evaluate the association
of prespecified cancer subgroups with outcome, including
extent of cancer (according to tumor classification8) and the 5
most common types of cancer. Furthermore, stratification
was performed according to timing of cancer diagnosis. The
following categories were used: cancer diagnosis in the year
before MI, and cancer diagnosis between 1 and 5 years
before MI. Finally, the cancer population was stratified
according to care for cancer according to the following
categories: care for cancer in the year before MI, and care for
cancer between 1 and 5 years before MI. Results from the
Cox proportional hazards analyses were displayed as hazard
ratios with 95% CI. Analyses were performed using IBM SPSS
version 24 (SPSS, IBM Corporation, Armonk, NY). The forest
plots were created using GraphPad Prism 5 (GraphPad
Software, San Diego, CA).

Results

Population Selection
In total, 805 717 hospitalizations were registered in
SWEDEHEART between January 1, 2001, and December 31,
2014. After selection of patients admitted for first MI,
178 621 hospital admissions remained. The first hospital
admission was chosen in patients with multiple admissions
(which may occur with transfer between hospitals), excluding
an additional 3020 admissions. Finally, 445 patients with
unstable angina were excluded. Therefore, the final popula-
tion consisted of 175 146 unique patients with first MI, of
whom 9.3% (16 237) had cancer in the 5 years before
admission.

Patient Characteristics
Patient characteristics stratified according to year of admis-
sion are shown in Table 1. Cancer characteristics are shown
in Table 2. Median duration between time of cancer diagnosis
and index MI was 1.97 years (interquartile range, 0.79–
3.38 years). Median duration between the most recent care
for cancer (including diagnosis) and MI was 0.67 years
(interquartile range, 0.16–2.11 years). Temporal trends for
the most common cancer types showed a gradual increase in
cancer care for most types of cancer during the inclusion
period (Table S1). For new cancer diagnoses, only melanoma
and breast cancer showed a significantly increasing trend.
Cancer extent is shown in Table S2.

Baseline characteristics stratified by previous cancer
showed that patients with previous cancer were older and
more burdened with comorbidities compared with patients
without cancer (Table 3). Invasive management was less
common in patients with cancer. Use of angiography
increased from 32.6% in the years 2001 and 2002, to 84%
during 2013 and 2014. In case of percutaneous coronary
intervention, use of stents, including drug-eluting stents, was
slightly less common in patients with cancer.

From 2010 and onward, MI was classified according to type
in SWEDEHEART. Overall, MI was classified as type one in 87.9%
of patients with cancer compared with 91.3% in patients
without cancer. Rates of type 2 MI were 9.0% for patients with
cancer versus 5.9% for patients without cancer (P<0.001). The
rate of type 1 MI was lowest in 2010 (84.6%) but also with the
highest rate of unknownMI, at 7.7%. The rates of type 1MI were
between 89.9% and 92.1% during the later years. Type 2 MI
varied between 5.8% and 7.1%. Other types were uncommon.

Periprocedural and discharge medication is shown in
Table S3. Patients with cancer generally received slightly less
extensive periprocedural antithrombotic treatment. Use of
aspirin and other antiplatelet agents with discharge was
significantly lower in patients with cancer (aspirin, 88.9%
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versus 91.7%; other antiplatelet agents, 64.7% versus 69.3%).
Use of anticoagulants was more common in patients with
cancer (8.0% versus 6.7%). Other preventive medications were

less commonly used in cancer patients (b-blocking agents,
86.5% versus 88.2%; statins, 73.6% versus 80.3%; angiotensin-
converting enzyme inhibitors or angiotensin II antagonist,
64.6% versus 65.9%; all differences significant).

Outcome
The association of cancer with mortality, cardiovascular, and
bleeding outcome is shown in Table 4. Median follow-up
duration was 4.3 years (interquartile range, 1.5–7.9 years).
Figures S1 and S2 show unadjusted Kaplan–Meier curves for
all-cause mortality, fatal or nonfatal major bleeding, MI, and
hospitalization for heart failure. Furthermore, the association
between extent of cancer, timing of last cancer care, and
outcome is shown in Figures 1 and 2. Finally, outcome for the
5 most common types of cancer in the current population is
shown in Figures 3 and 4. Table S4 shows a sensitivity
analysis of the association of cancer with outcome, after
exclusion of patients with prostate cancer. The exclusion of
these patients did not alter the observed associations
between cancer and outcome.

Additional sensitivity analyses were performed to evaluate
type 2 MI after discharge. For patients admitted during or
after 2010, the unadjusted rate of type 2 MI for the remaining
follow-up time was 0.7% for patients with previous cancer, and
0.6% for patients without previous cancer. No further analyses
were performed because of low event rates.

Discussion
Cancer as a comorbid disease in the 5 years before first MI
was increasing during the 14-year inclusion period of this

Table 1. Patient Characteristics Stratified According to Year of Admission

2001–2002 2003–2004 2005–2006 2007–2008 2009–2010 2011–2012 2013–2014 P trend

Number of patients 23 692 24 465 24 952 26 206 24 918 25 853 25 060 ���
Age, median
(interquartile range)

72 (19) 71 (19) 71 (19) 70 (19) 70 (18) 70 (19) 70 (18) <0.001

Male, % (n) 61.4 (14 545) 62.0 (15 157) 62.9 (15 700) 62.4 (16 364) 63.6 (15 849) 63.9 (16 513) 64.4 (16 128) <0.001

Cancer care/diagnosis <5 y*

All patients, % (n) 6.7 (1598) 8.1 (1977) 9.3 (2316) 9.7 (2552) 9.9 (2477) 10.2 (2640) 10.7 (2677) <0.001

Men, % (n) 7.3 (1064) 8.4 (1278) 9.9 (1561) 10.1 (1658) 10.5 (1658) 10.9 (1792) 11.2 (1808) <0.001

Women, % (n) 5.8 (534) 7.5 (699) 8.2 (755) 9.1 (894) 9.0 (819) 9.1 (848) 9.7 (869) <0.001

Cancer diagnosis <5 y†

All patients, % (n) 4.9 (1153) 5.1 (1241) 5.6 (1405) 5.6 (1459) 5.8 (1447) 5.8 (1493) 6.2 (1557) <0.001

Men, % (n) 5.3 (774) 5.4 (817) 6.3 (993) 6.0 (984) 6.1 (971) 6.2 (1016) 6.5 (1044) <0.001

Women, % (n) 4.1 (379) 4.6 (424) 4.5 (412) 4.8 (475) 5.2 (476) 5.1 (477) 5.7 (513) <0.001

The statistical trend was calculated using the chi-squared test.
*Time between most recent cancer care or cancer diagnosis and myocardial infarction.
†Time between cancer diagnosis and myocardial infarction.

Table 2. Characteristics of Patients With Cancer

Previous Cancer
(N=16 237), % (n)

Type of cancer

Prostate 33.0 (5354)

Bladder 9.6 (1562)

Hematological 9.5 (1543)

Breast 9.4 (1534)

Colon 7.4 (1203)

Melanoma 5.3 (853)

Rectum 4.8 (783)

Lung and airway 3.7 (600)

Kidney including renal pelvis 2.9 (471)

Uterus 2.7 (436)

Ovaries including fallopian tube and
broad ligament of the uterus

1.4 (226)

Pancreas 0.8 (130)

Primary brain cancer 0.4 (63)

Diagnosis of cancer

Within 1 y before admission 17.9 (2908)

Between 1 and 5 y before admission 42.2 (6847)

Diagnosis of cancer or care for cancer

Within 1 y before admission 58.3 (9464)

Between 1 and 5 y before admission 41.7 (6773)
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nationwide study. The positive trend in recent care for cancer
was more pronounced than the increase in the number of new
cancer diagnoses by itself, suggesting that improved survival
of malignancy is the main driving factor behind this develop-
ment. International trends showing improving cancer survival
rates support this hypothesis.1,2 The increase in recent cancer
care was consistent among most types of cancer, but was not
significant for bladder and colon cancer. With regard to new
diagnoses, an overall gradual increase was observed, but only
breast cancer and melanoma reached significance when
tested individually. The overall pattern of the most common
types of cancer reflected rates in the general Swedish
population, with the exception of hematological malignancies,
which were relatively overrepresented.9

Most cancer patients had received some form of care for
cancer during the year before MI, but the diagnosis had more
commonly beenmade in earlier years. Importantly, cancer in the
5 years before admission for first MI was associated with higher
subsequent risk of mortality and severe bleeding, including fatal
bleeding and intracerebral bleeding. Risk for cardiovascular
complications, specifically hospitalization for heart failure and

recurrent MI, was also modestly increased in these patients.
Despite that, an increased risk of cancer mortality but not
cardiovascular mortality was observed in patients with cancer.

Patients with cancer tended to be older and more
burdened by comorbid diseases and received less extensive
treatment. Statistical correction for comorbidity and perfor-
mance of percutaneous coronary intervention showed that
only part of the increased risk for adverse events could be
explained by these factors. Correction for in-hospital
antithrombotic treatment and secondary preventive medica-
tion on discharge was not performed, but this was unlikely to
explain the large gaps in outcome attributable to small
differences in medication between groups.

In those years that classification of MI was available, index
MI was more often attributable to type 2 infarction (ie, a
mismatch between myocardial oxygen demand and supply) in
patients with cancer, resulting in a slightly higher rate
compared with the overall SWEDEHEART population.6 As
such, part of the higher reinfarction rate after discharge may
be attributable to higher rates of type 2 MI. A sensitivity
analysis could not confirm this because of the low number of

Table 3. Patient Characteristics Stratified According to Presence of Cancer

No Previous Cancer (N=158 909), % (n) Previous Cancer (N=16 237), % (n) P Value

Age, y, median (interquartile range) 70 (19) 76 (13) <0.001

Male sex 62.6 (99 437) 66.6 (10 819) <0.001

Indication for hospitalization <0.001

Non–ST-elevation myocardial infarction 51.9 (82 459) 56.0 (9092)

ST-elevation myocardial infarction 35.9 (57 108) 32.0 (5198)

Unspecified myocardial infarction 12.2 (19 342) 12.0 (1947)

Previous percutaneous coronary intervention 2.2 (3437) 2.9 (470) <0.001

Previous coronary artery bypass grafting 2.2 (3544) 2.9 (468) <0.001

History of diabetes mellitus 18.5 (29 464) 20.6 (3337) <0.001

Current smoker 24.0 (37 479) 14.7 (2338) <0.001

History of hypertension 42.5 (67 366) 46.6 (7545) <0.001

History of heart failure 5.3 (8406) 8.8 (1428) <0.001

History of chronic kidney disease 2.0 (3131) 4.5 (726) <0.001

Any previous stroke (including hemorrhagic) 7.7 (12 274) 10.4 (1682) <0.001

History of peripheral vascular disease 4.8 (7675) 7.4 (1208) <0.001

Previous thromboembolism 2.4 (3842) 4.8 (780) <0.001

Angiography with/without PCI during admission 69.0 (109 645) 59.8 (9709) <0.001

Stents implanted in patients undergoing PCI 92.0 (76 976) 90.6 (6541) <0.001

Drug-eluting stents implanted 44.0 (33 626) 42.6 (2529) 0.037

Multivessel disease in patients undergoing PCI 47.2 (35 780) 50.8 (3387) <0.001

Successful PCI 94.1 (78 002) 93.7 (6724) 0.329

The variables age, sex, indication for hospitalization, prior coronary interventions, history of hypertension, and smoking status were obtained from SWEDEHEART. History of diabetes
mellitus, heart failure, chronic kidney insufficiency, stroke, peripheral vascular disease, and thromboembolism were obtained from the patient registry. PCI indicates percutaneous coronary
intervention; SWEDEHEART, Swedish Web-System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies.
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type 2 infarctions registered in SWEDEHEART during the
inclusion period. Other explanations include withdrawal of
antithrombotic treatment because of bleeding or need for
surgery, stent thrombosis attributable to a hypercoagulable
state, or other still unknown mechanisms.4,10,11 Navi et al12

previously observed an increased risk of arterial thromboem-
bolism in newly diagnosed patients with cancer, with risk
directly related to overall tumor burden and extent of disease.
In the current study, more extensive malignant disease was
not associated with higher risk for recurrent MI, but was
associated with higher rates of hospitalization for heart
failure, as well as bleeding and all-cause mortality.

Patients with cancer showed an increased risk of hospital-
izations for heart failure, with additional risk in those patients
with spread disease. Possibly, these patients may have had
preexisting myocardial dysfunction attributable to treatment
with cardiotoxic drugs such as anthracyclines, trastuzumab,
and tyrosine kinase inhibitors, rendering them more vulnerable
to heart failure as a complication of the index ischemic insult.4

Supporting this was the high rate of heart failure in patients
with hematological malignancy, a group commonly treated
with cardiotoxic drugs.13 Patients with hematological malig-
nancy also had high rates of all-cause mortality, MI, and
bleeding, reflecting the risk of bone marrow invasion or
suppression with resulting anemia and thrombocytopenia,
platelet dysfunction, and higher risk for thrombotic

complications.14 Further supporting this was the relatively
high rate of hematological malignancies in the current
population compared with the Swedish general population.9

Prostate cancer, which was the most common type of cancer,
was also associated with an increased risk of MI and heart
failure, but likely through other mechanisms. Androgen therapy
for prostate cancer has previously been associated with MI and
heart failure, possibly by inducing the metabolic syndrome
secondary to testosterone deficiency.15,16 In contrast, bladder,
breast, and colon cancer were not significantly associated with
adverse cardiovascular outcome.

Stratification of the cancer population according to timing
of care for cancer showed a strong association between
recent cancer care (within 1 year) and increased all-cause
mortality, recurrent MI, heart failure, and bleeding. Interest-
ingly, cardiovascular risk was not elevated in patients with no
care for cancer during the past year. Recent cancer care may
reflect more recent cancer treatment, which can provoke
cardiac ischemia.4 It may also reflect more extensive or more
aggressive disease.

Besides higher rates of cardiovascular complications,
patients with cancer had higher risk for all bleeding outcomes,
including fatal bleeding, major bleeding, and hospitalizations
for bleeding, as well as intracranial bleeding. Of note, the
degree of significance for intracranial bleeding was more
uncertain because of the low number of events. Bleeding risk

Table 4. Association of Cancer With Outcome After Discharge

Unadjusted Models, Cancer vs. No Cancer
(Reference)

Multivariable Adjusted Models, Cancer vs.
No Cancer (Reference)

Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value

All-cause mortality 2.01 (1.96–2.06) <0.001 1.44 (1.40–1.47) <0.001

Cancer mortality 6.78 (6.48–7.10) <0.001 5.33 (5.09–5.59) <0.001

Cardiovascular events

Cardiovascular mortality 1.43 (1.39–1.48) <0.001 1.03 (0.996–1.07) 0.085

Recurrent myocardial infarction 1.24 (1.20–1.28) <0.001 1.08 (1.04–1.12) <0.001

Admission for heart failure 1.51 (1.46–1.56) <0.001 1.10 (1.06–1.13) <0.001

Ischemic stroke 1.31 (1.23–1.40) <0.001 1.01 (0.95–1.08) 0.708

Venous thromboembolism 1.90 (1.75–2.06) <0.001 1.58 (1.46–1.72) <0.001

Bleeding events

Fatal bleeding 1.85 (1.60–2.15) <0.001 1.33 (1.15–1.55) <0.001

Nonfatal major bleeding 2.02 (1.84–2.22) <0.001 1.49 (1.35–1.64) <0.001

Fatal bleeding or nonfatal major bleeding 1.98 (1.83–2.15) <0.001 1.45 (1.34–1.57) <0.001

Hospitalization for bleeding 1.80 (1.70–1.90) <0.001 1.42 (1.34–1.51) <0.001

Gastrointestinal bleeding 1.68 (1.58–1.79) <0.001 1.35 (1.27–1.44) <0.001

Hemorrhagic stroke 1.50 (1.31–1.71) <0.001 1.16 (1.02–1.33) 0.029

Hazard ratios calculated using Cox proportional hazards models adjusted for age, sex, diabetes mellitus, hypertension, smoking status, previous heart failure, previous percutaneous
coronary intervention, previous coronary artery bypass grafting, chronic kidney disease, peripheral arterial disease, indication for admission, previous stroke, year of admission, and
percutaneous coronary intervention during hospitalization.
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increased with more extensive disease and with more recent
cancer care. Risk of bleeding was only slightly elevated in
patients without cancer care in the year before MI. Of the
most common cancer types, risk for bleeding was highest in

patients with hematological malignancies, followed by bladder
cancer and prostate cancer. Risk of serious bleeding did not
reach significance in patients with colon cancer and breast
cancer, but CIs were wide.

Figure 1. Association of extent and timing of cancer with all-cause mortality and fatal or nonfatal major bleeding. T provides information about
the primary tumor, for which a higher category generally means an increasing size, an increasing local extension, or both. T0, Ta, Tis, and Tx not
shown. N0 denotes no regional lymph node involvement. N1 and higher denotes evidence of regional node(s) containing cancer. Nx not shown.
M0 means no evidence of distant metastasis, and M1 means distant metastasis is present. Mx not shown. Hazard ratios calculated using Cox
proportional hazards models adjusted for age, sex, diabetes mellitus, hypertension, smoking status, previous heart failure, previous
percutaneous coronary intervention, previous coronary artery bypass surgery, chronic kidney disease, peripheral arterial disease, indication for
admission, previous stroke, year of admission, and percutaneous coronary intervention during hospitalization.

Figure 2. Association of extent and timing of cancer with myocardial infarction and hospitalization for heart failure. See Figure 1 for
multivariable model explanations and abbreviations.
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Our findings support the recent suggestion of cancer as a
major risk factor for bleeding in patients undergoing percu-
taneous coronary intervention, and suggest that these
recommendations should be extended to all patients with
MI and cancer regardless of invasive management.17 Bleeding
in cancer is often multifactorial and may be attributable to
malignancy-related factors (eg, immune-mediated thrombocy-
topenia, bone marrow involvement, bleeding from tumor
tissue or eroded blood vessel, and disseminated intravascular
coagulation) or treatment related (myelotoxicity, anticoagula-
tion).18 Venous thromboembolism was increased in the
cancer population, contributing to bleeding complications
attributable to the need for anticoagulant therapy. Patients
with cancer with venous thromboembolism are known to be
extra vulnerable for bleeding.19 For cardiologists, strategies to
reduce risk for bleeding include use of less potent antiplatelet

therapy, low-dose aspirin, use of proton pump inhibitors, and
shorter-duration dual antiplatelet therapy. In case of need for
anticoagulant therapy, shortened triple-antithrombotic ther-
apy or only dual-antithrombotic therapy can be considered.20

For oncologists, strategies to reduce cardiovascular compli-
cations include consideration of cardiac disease before
initiation of cardiotoxic therapy, optimal treatment of cardio-
vascular risk factors in cooperation with cardiologists, and use
of treatment regimens with limited cardiotoxicity.21

Other studies of varying size have investigated cancer in
patients with ischemic heart disease. A large study by Potts
et al22 recently reported an increasing prevalence of cancer in
patients undergoing percutaneous coronary intervention. They
observed an increased risk of in-hospital mortality and
percutaneous coronary intervention complications in patients
with cancer, including higher bleeding rates. The importance

Figure 3. Association of type of cancer with all-cause mortality and the composite of fatal or nonfatal major bleeding. See Figure 1 for
multivariable model explanations. The reference category in the current models was patients without cancer.

Figure 4. Association of type of cancer with myocardial infarction and hospitalization for heart failure. See Figure 1 for multivariable model
explanation. The reference category in the current models was patients without cancer.
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of timing of cancer as well as extent of cancer was observed,
and patients with breast cancer showed the best outcome,
similar to our findings.22 However, outcome was limited to in-
hospital events. A Canadian study also observed higher rates
of mortality and heart failure but not reinfarction and stroke in
patients with cancer after admission for MI.23

Besides these large studies, a number of other studies
have been published suggesting elevated rates of mortality,24–
31 recurrent infarction,24 bleeding,24,31 heart failure,24,30,31

and target lesion revascularization.32 However, the current
cohort is the first large unselected nationwide study with the
whole spectrum of patients with MI, including long-term
follow-up for clearly defined ischemic and bleeding events.

Some limitations deserve mention. The SWEDEHEART
registry includes patients admitted to cardiac care units,
and patients diagnosed with MI at oncology units and not
transferred to a cardiology department were not included.
Likely, these are patients with type 2 MI or palliative patients
with type 1 MI deemed unsuitable for transfer to a coronary
care unit, as the standard of care for MI in Sweden includes
transfer to a coronary care unit. Furthermore, classification of
infarction into subtypes was available only in later years. Data
on oncological treatment would have helped elucidate addi-
tional associations of cancer treatment with outcome but
were not available. Although the Swedish national cancer
registry has a high degree of completeness, tumor classifi-
cation was not available for all patients.33 The tumor
classification was based on data from the time of cancer
diagnosis and may have changed over time.

Conclusions
Cancer as a comorbid disorder is increasing and is strongly
associated with mortality, severe bleeding, and adverse
cardiovascular outcome after first MI. Cancer timing, extent,
and type influence these risks and need to be taken into
consideration when treating these high-risk patients. Because
of the enormous heterogeneity of the cancer population,
multidisciplinary evaluation with care tailored to the individual
patient by both cardiologists and oncologists is needed to
reduce risk for cardiovascular and bleeding complications.
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SUPPLEMENTAL MATERIAL 



Supplemental Methods 

Definitions 

- Cancer:

• International Classification of Diseases (ICD) 9 categories 140-172, 174-208, 230-

234.

• ICD 10 categories C00-C43, C45-D09.

• Non-melanoma skin cancer (173, C44), benign neoplasms (210-229, D10-D36), and

neoplasms of uncertain or unknown behavior (235-239, D37-D48) were not included

in the cancer group but in the group of patients without cancer.

- Myocardial infarction:

• ICD 9: 410

• ICD 10: I21, I22.

- Heart failure: ICD10 categories I50, I110, I130 and I132.

- Ischemic stroke: ICD10 category I63.

- Hemorrhagic stroke: ICD10 categories I60, I61 and I62.

- Venous thromboembolism including pulmonary embolism: ICD 10 categories I26 and I80.

- Peripheral arterial disease: ICD10 I70-I73

- Diabetes mellitus: ICD10 E10-E14

- Chronic kidney disease: ICD10 N17-N19, I120, I131, I132.

- Bleeding was defined according to the following categories as validated by Friberg et al.1

• Fatal bleeding:

Diagnosis of bleeding* as underlying or first contributory cause of death in the Cause

of Death Register and/or a diagnosis of bleeding as principal or first secondary

diagnosis in the patient-registry if the patient died during hospitalization

• Non-fatal major bleeding:

Hospitalization with a bleeding diagnosis as principal or first secondary diagnosis if it

was associated with a code for transfusion of whole blood or erythrocyte

concentrate**. All intracranial bleeding events irrespective of whether transfusion was

given or not.

• Bleeding requiring hospitalization:

Hospitalization with a diagnosis of any extracranial bleeding in any position, without

transfusion of whole blood or erythrocyte concentrate.

• Gastrointestinal bleeding: ICD10 categories K226, K250, K252, K254, K256, K260,

K262, K264, K266, K270, K272, K274, K276, K280, K282, K284, K286, K290,

K625, K661, K920, K921, K922, i850, i983.

*ICD codes for bleeding: I60, I61, I62, K226, K250, K252, K254, K256, K260, K262, K264, K266,

K270, K272, K274, K276, K280, K282, K284, K286, K290, K625, K661, K920, K921, K922, i850,

i983, N02, N938, N939, N950, N501A, R319, R041, R042, R048, R049, R058, T810, D629, D500,

I312.

Note: Compared to Friberg et al, traumatic intracranial bleeding, and bleeding from eyes and ears were 

excluded. Friberg et al also included categories for minor bleeding and no bleeding, but these were not 

used in the current study. 

Data S1.



**Codes for blood transfusions: DR029, DR033, Z513 
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Table S1. Temporal trends for cancer types 

2001-

2002 

2003-

2004 

2005-

2006 

2007-

2008 

2009-

2010 

2011-

2012 

2013-

2014 

p-trend

Number of 

patients 

23692 24465 24952 26206 24918 25853 25060 

Cancer 

care/diagnosis 

<5 years * 

Prostate 2.1 (502) 2.5 (619) 3.0 (746) 3.2 (830) 3.5 (862) 3.5 (898) 3.6 (897) <0.001 

Bladder 0.7 (157) 0.9 (226) 1.0 (240) 1.0 (250) 0.9 (228) 0.9 (232) 0.9 (229) ns 

Hematological 0.6 (153) 0.7 (176) 0.8 (208) 0.8 (220) 0.9 (234) 1.1 (295) 1.0 (257) <0.001 

Breast 0.5 (126) 0.8 (203) 0.9 (225) 1.1 (285) 1.0 (245) 0.9 (226) 0.9 (224) <0.001 

Colon 0.5 (128) 0.6 (152) 0.7 (180) 0.8 (200) 0.7 (183) 0.7 (175) 0.7 (185) ns 

Melanoma 0.3 (79) 0.3 (82) 0.4 (109) 0.4 (112) 0.6 (145) 0.6 (160) 0.7 (166) <0.001 

Rectal cancer 0.3 (80) 0.4 (90) 0.4 (106) 0.4 (105) 0.5 (114) 0.5 (140) 0.6 (148) <0.001 

Lung- and 

airway 

0.2 (56) 0.3 (66) 0.3 (76) 0.4 (106) 0.4 (88) 0.3 (90) 0.5 (118) <0.001 

Cancer 

diagnosis <5 

years† 

Prostate 1.6 (373) 1.7 (409) 1.9 (475) 1.8 (479) 1.8 (452) 1.8 (470) 1.8 (460) ns 

Bladder 0.3 (80) 0.4 (90) 0.4 (96) 0.4 (103) 0.4 (92) 0.4 (93) 0.4 (105) ns 

Hematological 0.3 (79) 0.3 (74) 0.4 (98) 0.4 (94) 0.4 (107) 0.4 (112) 0.4 (108) ns 



Breast 0.4 (84) 0.5 (128) 0.4 (109) 0.6 (147) 0.6 (148) 0.5 (130) 0.6 (147) 0.001 

Colon 0.5 (108) 0.5 (115) 0.5 (133) 0.6 (147) 0.6 (140) 0.5 (135) 0.5 (126) ns 

Melanoma 0.3 (61) 0.3 (62) 0.3 (72) 0.3 (69) 0.4 (102) 0.5 (120) 0.5 (119) <0.001 

Rectal cancer 0.3 (65) 0.3 (68) 0.3 (81) 0.3 (73) 0.3 (79) 0.4 (106) 0.4 (104) ns 

Lung- and 

airway 

0.2 (41) 0.2 (46) 0.2 (38) 0.3 (67) 0.2 (59) 0.2 (54) 0.3 (76) ns 

The shown values are % (n). p-value <0.00313 was considered statistically significant 

(Bonferroni correction for 16 comparisons). 

* Time between most recent cancer care or cancer diagnosis and myocardial infarction.

† Time between cancer diagnosis and myocardial infarction



Table S2. Cancer extent 

Grade* % (n) 

     T0 1.4 (82/5 818) 

     T1 33.2 (1 934/5 818) 

     T2 24.9 (1 451/5 818) 

     T3 19.3 (1 123/5 818) 

     T4 5.6 (323/5 818) 

     Ta 4.4 (257/5 818) 

     Tis 8.4 (488/5 818) 

     Tx 2.8 (160/5 818) 

     N0 39.9 (2 312/5 788) 

     N1 7.6 (441/5 788) 

     N2 3.8 (221/5 788) 

     N3 1.3 (74/5 788) 

     Nx 47.3 (2 738/5 788) 

     N+ 0.0 (2/5 788) 

     M0 56.2 (3215/5 716) 

     M1 6.8 (389/5 716) 

     Mx 36.9 (2 112/5 716) 

*Sub-categories such as T1a counted as T1.

T provides information about the primary tumor, for which a higher category generally means an 

increasing size, an increasing local extension or both.2 T0, Ta, Tis and Tx not shown. N0 denotes no 

regional lymph node involvement. N1 and higher denotes evidence of regional node(s) containing 

cancer. Nx not shown. M0 means no evidence of distant metastasis, and M1 means distant metastasis 

is present. Mx not shown. 



Table S3. Periprocedural and discharge medication according to presence of cancer

No previous 

cancer 

Previous cancer p-value

Periprocedural medication in patients 

undergoing PCI 

N=83701 N=7221 

     Thrombolytic agents before PCI 3.8 (2543) 2.3 (143) <0.001 

     Acetylsalicylic acid before PCI 97.1 (71534) 96.1 (6318) <0.001 

     Acetylsalicylic acid during PCI 9.2 (6538) 8.2 (527) 0.021 

     Clopidogrel before PCI 70.6 (49851) 68.4 (4365) 0.001 

     Clopidogrel during PCI 13.2 (9536) 12.5 (815) 0.101 

     Ticagrelor before PCI 52.0 (13169) 48.1 (1242) 0.001 

     Ticagrelor during PCI 9.8 (2624) 9.3 (251) 0.540 

     Prasugrel before PCI 4.0 (1461) 3.2 (114) 0.038 

     Prasugrel during PCI 3.6 (1400) 2.8 (105) 0.023 

     Dalteparin before PCI 6.5 (4437) 5.7 (354) 0.029 

     Enoxaparin before PCI 13.7 (9410) 12.1 (755) 0.001 

     Fondaparinux before PCI 25.6 (15836) 25.1 (1456) 0.543 

     Bivalirudin during PCI 32.8 (21855) 35.5 (2183) <0.001 

     Heparin during PCI 74.0 (56044) 71.9 (4841) <0.001 

Discharge medication, if discharged alive N=150351 N=15021 

     Acetylsalicylic acid 91.7 (137 489) 88.9 (13 319) <0.001 

     Other antiplatelet agents 69.3 (103 698) 64.7 (9 673) <0.001 

     Anticoagulants 6.7 (10 064) 8.0 (1 194) <0.001 

     Beta-blocking agents 88.2 (132 069) 86.5 (12 943) <0.001 

     Statins 80.3 (120 140) 73.6 (10 995) <0.001 



     ACE-inhibitor or Angiotensin II- 

     antagonist 

65.9 (98560) 64.6 (9650) 0.001 

ACE = angiotensin-converting enzyme, PCI = percutaneous coronary intervention. 



Table S4. Association of cancer with outcome after discharge, excluding patients with

prostate cancer 

Multivariable adjusted 

models, cancer vs no 

cancer (reference) 

Hazard ratio 

(95% CI) 

p- 

value 

All-cause mortality 1.45 (1.41-1.49) <0.001 

Cancer mortality 5.56 (5.26-5.86) <0.001 

Cardiovascular events 

     Cardiovascular mortality 1.04 (0.995-1.08) 0.085 

     Recurrent myocardial infarction 1.07 (1.03-1.12) 0.001 

     Admission for heart failure 1.10 (1.05-1.14) <0.001 

     Ischemic stroke 1.02 (0.95-1.11) 0.572 

     Venous thromboembolism 1.57 (1.43-1.73) <0.001 

Bleeding events 

     Fatal bleeding 1.41 (1.18-1.69) <0.001 

     Non-fatal major bleeding 1.48 (1.32-1.67) <0.001 

     Fatal bleeding or non-fatal major bleeding 1.46 (1.33-1.62) <0.001 

     Hospitalization for bleeding 1.42 (1.32-1.52) <0.001 

     Gastrointestinal bleeding 1.34 (1.24-1.45) <0.001 

     Hemorrhagic stroke 1.17 (0.99-1.38) 0.072 

CI = confidence interval 

Hazard ratios calculated using Cox proportional hazards models adjusted for age, sex, diabetes 

mellitus, hypertension, smoking status, previous heart failure, previous percutaneous coronary 

intervention, previous coronary artery bypass grafting, chronic kidney disease, peripheral arterial 

disease, indication for admission, previous stroke, year of admission, and percutaneous coronary 

intervention during hospitalization. 



All-cause mortality Fatal / non-fatal major bleeding

Number at risk
No cancer

Cancer
158907  106451  73046  45407  23404  7234 
16237  8322  4813  2451  979  227

Number at risk
No cancer

Cancer
158907  105479  72103  44689  22957  7077 
16237  8206  4708  2374  939  219

Figure S1. Unadjusted Kaplan Meier curves for all-cause mortality and fatal or non-fatal major bleeding. 



Myocardial infarction Hospitalization for heart failure

Number at risk
No cancer

Cancer
158907  88719  59152  35692  17940  5487 
16237  6753  3824  1891  743  169

Number at risk
No cancer

Cancer
158907  93908  63124  38649  19696  5956 
16237  7007  3923  1966  781  175

Figure S2. Unadjusted Kaplan Meier curves for myocardial infarction and hospitalization for heart failure. 
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