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A B S T R A C T

Purpose
The use of anthracycline chemotherapy is associated with heart failure (HF) among survivors of non-
Hodgkin lymphoma (NHL). We aimed to understand the contribution of preexisting cardiovascular
risk factors to HF risk among NHL survivors.

Methods
Using Danish registries, we identified adults diagnosed with aggressive NHL from 2000 to 2010 and
sex- and age-matched general-population controls. We assessed HF from 9 months after diagnosis
through 2012. We used Cox regression analysis to assess differences in risk for HF between
survivors and general population controls. Among survivors only, preexisting cardiovascular factors
(hypertension, dyslipidemia, and diabetes) and preexisting cardiovascular disease were ascertained.
We used multivariable Cox regression to model the association of preexisting cardiovascular
conditions on subsequent HF.

Results
Among 2,508 survivors of NHL and 7,399 controls, there was a 42% increased risk of HF among
survivors compared with general population controls (hazard ratio [HR], 1.42; 95% CI, 1.07 to 1.88).
Among survivors (median age at diagnosis, 62 years; 56% male), 115 were diagnosed with HF
during follow-up (median years of follow-up, 2.5). Before NHL diagnosis, 39%had$ 1 cardiovascular
risk factor; 92% of survivors were treated with anthracycline-containing regimens. In multivariable
analysis, intrinsic heart disease diagnosed before lymphoma was associated with increased risk of
HF (HR, 2.71; 95% CI, 1.15 to 6.36), whereas preexisting vascular disease had no association with
HF (P . .05). Survivors with cardiovascular risk factors had an increased risk of HF compared with
those with none (for 1 v 0 cardiovascular risk factors: HR, 1.63; 95% CI, 1.07 to 2.47; for $ 2 v
0 cardiovascular risk factors: HR, 2.86; 95% CI, 1.56 to 5.23; joint P , .01).

Conclusion
In a large, population-based cohort of NHL survivors, preexisting cardiovascular conditions were
associated with increased risk of HF. Preventive approaches should take baseline cardiovascular
health into account.

J Clin Oncol 35:3837-3843. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Survivors of non-Hodgkin lymphoma (NHL) are
at increased risk for heart failure, with an in-
cidence approximately five times greater than that
of the general population.1,2 Although anthracycline-
based chemotherapy is a major contributor to
increased risk, patients with NHL, whose mean
age at diagnosis is 66 years, may have preexisting
conditions that further increase their risk of
heart failure and other cardiovascular diseases.3,4

Lifestyle factors, hypertension, diabetes, dyslipidemia,

and older age contribute to heart failure in the
general population.5 Older age and preexisting
cardiovascular risk factors are associated with
heart failure and other cardiovascular diseases in
cancer survivors, particularly among those who
received anthracyclines.6,7

Much of our understanding of heart failure
risk in NHL survivors arises from clinical trials
that exclude patients with comorbidities, clinical
populations that are not necessarily representative
of larger populations, or cohorts of childhood
cancer survivors who do not have cardiovascular
risk factors before their cancer diagnosis.1,8 We
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used data from the Danish population-based registries, which
include information on a full range of important cardiovascular
risk factors for an entire national population of lymphoma sur-
vivors and general population controls. We aimed to determine
whether preexisting cardiovascular risk factors are associated with
heart failure among survivors of aggressive NHL, which is generally
treated with curative intent and can have a substantial disease-free
survivorship period.

METHODS

Data Sources
Denmark has a national health insurance system, and there is

a comprehensive health record of each resident filed under a unique
identification number, enabling the merging of demographic and clinical
data from different databases. Denmark’s Central Population Register,
established in 1968, contains emigration and vital status data.9 Cause of
death is recorded in the Register of Causes of Death.10 The Danish National
Lymphoma Registry, called LYFO, includes diagnosis and treatment data
for patients diagnosed with lymphoma starting in 2000.11 The National
Patient Register contains data regarding hospital discharges, diagnoses, and
procedures from 1978 (with outpatient records complete after 1993).12

These are recorded with the Danish modified version of the International
Classification of Diseases, eighth revision (ICD-8) until 1993 and ICD,
10th revision (ICD-10) from 1994.13 The Danish Cancer Registry contains
tumor characteristics for all cancers diagnosed after 1943.9 The National
Prescription Register records all prescription drugs distributed in com-
munity pharmacies since 1994.14 All registries were complete through
2012, with two exceptions: the Register of Causes of Death was complete
through 2010, and the Cancer Registry was complete through 2011.

Sample
Survivors of aggressive NHL had the following histologies: diffuse

large B-cell lymphoma, primary mediastinal large B-cell lymphoma,
primary effusion lymphoma, Burkitt lymphoma, follicular lymphoma
grade 3, peripheral T-cell lymphoma not otherwise specified, angioim-
munoblastic T-cell lymphoma, subcutaneous panniculitis-like T-cell
lymphoma, anaplastic large-cell lymphoma, hepatosplenic T-cell lym-
phoma, enteropathy-associated T-cell lymphoma, and NK/T-cell lym-
phoma nasal type. We included survivors diagnosed at age$ 15 years with
aggressive NHL between 2000 and 2010, followed from 9 months after
diagnosis (landmark analysis) until December 2012 or a censoring event.
By 9 months after diagnosis, most patients have completed first-line
therapy or, in the setting of primary refractory disease and in patients
eligible for stem cell transplantation, second-line therapy and subsequent
consolidation. We excluded survivors who had a diagnosis of heart failure
or a cancer other than NHL before the landmark.

Outcome Ascertainment
The primary outcome was heart failure, diagnosed during inpatient

or outpatient hospital visits or as cause of death after the landmark. ICD-10
codes for heart failure are I11.0, I13.0, I13.2, I50, I50.0, I50.1, and I50.9. By
restricting our outcome to heart failure diagnosed at a hospital visit or
death, we conservatively aimed to capture the symptomatic and most
severe cases.15

Treatment
Treatment data included chemotherapy regimens, use of radiation,

and receipt of autologous hematopoietic cell transplantation. Prescribed
doses of anthracyclines were determined algorithmically on the basis of
standard regimens and cycles noted in LYFO. Radiation field was de-
termined algorithmically on the basis of site of treatment. Receipt of

anthracyclines and chest radiation was coded dichotomously. Missing
radiation and chemotherapy data were abstracted from the medical record.

Preexisting Cardiovascular Disease
We assessed the presence of cardiovascular disease that was diagnosed

before lymphoma diagnosis using the National Patient Register (see Ap-
pendix Table A1, online only, for ICD-8 and ICD-10 codes). Vascular
disease included myocardial infarction, coronary artery disease, stable and
unstable angina, cardiac arrest, stroke, carotid artery disease, and transient
ischemic attacks. Intrinsic heart disease (not including heart failure, for
which survivors were excluded from analysis) included pericardial disease,
valvular disease, myocardial disease, and cardiomyopathy without clinical
heart failure.

Preexisting Cardiovascular Risk Factors
Cardiovascular risk factors included hypertension, dyslipidemia, and

diabetes. Hypertension and dyslipidemia were ascertained using pre-
scriptions for these conditions noted in the National Prescription Register.
Hypertension was defined by the prescription of an antihypertensive,
including calcium channel blockers, diuretics, angiotensin inhibitors, beta
blockers, or alpha blockers. Dyslipidemia was defined by the prescription
of statins. Diabetes was ascertained in the National Patient Register. We
coded each survivor as having 0, 1, or . 1 risk factor present before
diagnosis of lymphoma.

Additional Covariables
We included sex from the Central Population Register and age at

diagnosis and histology from LYFO.

General Population Controls
Controls were matched three to one on age at diagnosis and sex,

drawn randomly from the Central Population Register. Controls were alive,
had not emigrated, and had no diagnosis of cancer or heart failure before
the landmark.

Analysis
To determine whether NHL diagnosis was associated with increased

risk of heart failure, we fit a Cox regression model stratified by matched
sets; the main effect of interest was survivor or control status. The
remaining analyses used data only from survivors. To investigate potential
confounding by indication, we cross-tabulated preexisting cardiovascular
risk factors, including the number of cardiovascular risk factors, vascular
disease, and intrinsic heart disease, with receipt of anthracyclines and
tested for associations using Fisher’s exact test.

Follow-up time for heart failure continued until the first diagnosis of
a heart failure event. Censoring events were emigration, second primary
malignancy (SPM), relapse, or death from any cause. Because data in the
Cancer Registry and the Register of Causes of Death were not complete
through 2012, this approach did not count heart failure diagnosed as
a cause of death (without a prior hospitalization) after 2010, and a di-
agnosis of a SPM in 2012 would be missed as a censoring event. We
assumed that SPMs and heart failure diagnosed at death are rare occur-
rences and that the benefits of including available data after 2010 would
outweigh the impact of these missing data.

A multivariable Cox regression model included age, sex, receipt of
anthracyclines, cumulative dose of anthracyclines, receipt of mediastinal
radiation, receipt of autologous transplantation, presence of preexisting
cardiovascular diseases (intrinsic heart disease and vascular disease), and
number of preexisting cardiovascular risk factors (hypertension, dyslipi-
demia, and diabetes mellitus). Interaction effects between cardiovascular
risk factors and cumulative anthracycline dose were assessed using the
likelihood ratio test. Statistical analyses were conducted using R software,
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version 3.2.5 (R Core Development Team, Vienna, Austria), including the
survival package.

RESULTS

Our cohort included 2,508 people who were diagnosed with in-
cident aggressive NHL between 2000 and 2010, and 7,399 cancer-
free general population controls (Table 1). Compared with age-
and sex-matched controls, NHL survivors had a 42% increased risk
of heart failure (HR, 1.42; 95% CI, 1.07 to 1.88; Fig 1).

Among survivors, 575 were censored because of relapse, 285
were censored because of death, 153 were censored because of
SPM, and 10 were censored because of emigration. Before NHL
diagnosis, 703 (28%) were diagnosed with hypertension, 337
(13%) with dyslipidemia, and 137 (6%) with diabetes. Thirty-nine
percent had $ 1 cardiovascular risk factor.

Ninety-two percent of survivors received an anthracycline,
with a median prescribed cumulative dose of 300 mg/m2

(interquartile range, 200-350 mg/m2). Almost half of survivors
(45%) were prescribed a cumulative dose of 300 mg/m2. Nine
percent received chest radiation, and 4% received an autologous
hematopoietic cell transplant.

Median follow-up for survivors without an event was 2.5 years
(range, 0.0 to 10.8 years); at 5 years, 604 survivors remained at risk.
During follow-up, 115 patients with heart failure were identified.

In unadjusted analyses, having more cardiovascular risk
factors was associated with increased risk of later heart failure,
compared with having none (for 1 v 0 cardiovascular risk factors:
HR, 2.61; 95% CI, 1.75 to 3.89; for $ 2 v 0 cardiovascular risk
factors: HR, 4.39; 95% CI, 2.44 to 7.92; Fig 2). Older age at di-
agnosis, having a history of intrinsic heart disease, and having
a history of vascular disease were all associated with increased risk
of later heart failure. (Table 2).

Table 1. Characteristics of 2,508 Survivors and 7,399 Matched General Population Controls

Characteristic

Survivors General Population Controls

Median IQR Median IQR

Patient age at diagnosis (years) 62 52-71 62 52-71
Follow-up among those without heart failure (years) 2.5 0.8-4.9 4.1 2.1-6.5
Cumulative anthracycline dose (mg/m2) 300 200-350

No. % No. %

Male sex 1,400 56 1,400 56
History of cardiovascular risk factors*
Diabetes 137 5 291 4
Hypertension 703 28 1,933 26
Dyslipidemia 337 13 1,034 14

Cardiovascular risk factors, No.
0 1,533 61 4,688 63
1 777 31 2,170 29
$ 2 198 8 541 7

History of cardiovascular disease
Vascular disease† 279 11 798 11
Intrinsic heart disease‡ 49 2 117 2

Histology
Mature B-cell 2,266 90
Mature T-cell and NK neoplasms 242 10

Stage
I 706 28
II 451 18
III 549 22
IV 765 31
Missing 37 1

Chest radiation
Yes 216 9
No 2,239 89
Missing 53 2

Chemotherapy
Anthracycline regimen 2,300 92
Nonanthracycline regimen 130 5
None 78 3

Autologous transplantation
Yes 97 4
No 2,411 96

Abbreviation: IQR, interquartile range.
*History of cardiovascular risk factors and disease refer to the time before non-Hodgkin lymphoma diagnosis for survivors and the time before thematching date among
general-population controls.
†Vascular disease includes myocardial infarction, coronary artery disease, stable and unstable angina, cardiac arrest, stroke, carotid artery disease, and transient
ischemic attack.
‡Intrinsic heart disease includes pericardial disease, valvular disease, myocardial disease, and cardiomyopathy without clinical heart failure.
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In the multivariable model, the number of cardiovascular risk
factors was associated with an increased risk of heart failure (1 v
0 cardiovascular risk factors: HR, 1.63; 95% CI, 1.07 to 2.47;$ 2 v
0 cardiovascular risk factors: HR, 2.86; 95% CI, 1.56 to 5.23; joint
P , .01; Table 2). Preexisting intrinsic heart disease was also
significantly associated with an increased risk of heart failure (HR,
2.71; 95% CI, 1.15 to 6.36), although preexisting vascular disease
was not (P. .05). In addition, age and sex were strongly associated
with risk of subsequent heart failure, as was cumulative anthra-
cycline dose.

A model including an interaction term between cumulative
anthracycline dose and number of cardiovascular risk factors had

a P value of .19 for the interaction term. The main model,
therefore, did not contain an interaction term.

We also found evidence of confounding by indication, because
the prescription of anthracyclines was associated with the number
of preexisting cardiovascular risk factors (P , .01), preexisting
vascular disease (P , .01), and preexisting intrinsic heart disease
(P, .01), such that survivors with these conditions less frequently
received anthracyclines.

We conducted a sensitivity analysis in which follow-up time
began 12 months after diagnosis, allowing for the possibility that
NHL treatment may extend beyond 9 months. The model results
did not differ substantially from the primary model with regard to
either magnitude or significance of effects (results not shown).

Because heart failure may sometimes be erroneously coded as
cardiomyopathy, we conducted an additional sensitivity analysis.
Survivors with any intrinsic heart disease diagnosed before lym-
phoma diagnosis were excluded, because those individuals may
have had heart failure and thus would no longer be at risk. This
model showed no meaningful difference compared with the main
model (results not shown).

To illustrate the differences in absolute risk of heart failure
across survivors with various levels of important risk factors for
heart failure, we calculated selected 5-year predicted risks of heart
failure for survivors who did not receive radiation, did not undergo
transplantation, did not have preexisting vascular disease, and
received a cumulative dose of 300 mg/m2 of anthracyclines
(Table 3). For example, for a 50-year-old man without preexisting
intrinsic heart disease and without preexisting cardiovascular risk
factors, the 5-year risk of heart failure is 2%. This risk rises to 16%
in the presence of intrinsic heart disease and 2 cardiovascular risk
factors.

DISCUSSION

In a large, national, contemporarily treated cohort of survivors of
aggressive NHL and matched general population controls, survi-
vors had an elevated risk of heart failure, even within the first
5 years of follow-up. This is congruent with a prior pooled analysis
of four European trials that included 476 patients with aggressive
NHL treated with anthracyclines, in which 12% of patients with
aggressive NHLwere diagnosed with heart failure within 5 years of
diagnosis.1 Although cardiovascular risk is likely to increase over
time, the significant short-term risk of a serious post-treatment
cardiac event demonstrates the necessity of early intervention in
this high-risk population.

Comorbid conditions were prevalent in our cohort of NHL
survivors, enabling us to demonstrate the importance of preex-
isting cardiovascular risk factors and comorbidities in contributing
to the development of heart failure. Although treatment of NHL
confers substantial risk of heart failure, the presence of cardio-
vascular risk factors and intrinsic heart disease before lymphoma
diagnosis dramatically heightens the risk of heart failure months to
years after treatment completion.

There has been limited investigation of the contribution of
cardiovascular risk factors on later heart failure in NHL survivors.
In the pooled analysis of aggressive NHL, preexisting hypertension
was identified as a risk factor for cardiovascular disease (HR, 4.1;
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95%CI, 2.1 to 8.9).1 A retrospective registry-based analysis of older
patients diagnosed with diffuse large B-cell lymphoma between
1991 and 2002 similarly found elevated risks of heart failure among
patients with preexisting hypertension and diabetes.16 A retro-
spective analysis among a large managed care organization found
that NHL survivors with multiple cardiovascular risk factors
(including hypertension, dyslipidemia, and diabetes) were at
higher risk for developing ischemic heart disease, stroke, and heart
failure compared with those without cancer with the same number
of risk factors; however, this analysis did not adjust for treatment.7

Our population-based analysis among a contemporarily treated
cohort demonstrates that cardiovascular risk factors present at
diagnosis are independently associated with the risk of heart failure
conferred by cardiotoxic treatment. Investigations of the etiology of
cardiovascular late effects need to account for these common
contributors to heart disease.

The presence of preexisting cardiovascular risk factors can
inform heart failure prevention among NHL survivors. New
guidelines from the American Society for Clinical Oncology rec-
ommend prevention and monitoring of cardiac dysfunction after
treatment completion among adult cancer survivors.17 In these

guidelines, high-risk survivors are defined by a combination of
cumulative dose of anthracyclines, dose of radiation therapy to the
heart, age, history of cardiovascular disease, and the number of
traditional cardiovascular risk factors (including smoking, hy-
pertension, diabetes, dyslipidemia, and obesity) present during or
after treatment. Our findings confirm the roles of anthracyclines
and age, and extend this definition by highlighting the additional
risk posed by risk factors present even before cancer treatment.
Most survivors in our cohort received a cumulative dose of
anthracyclines of at least 300 mg/m2, which in itself is considered
high risk. For asymptomatic high-risk survivors, providers can
implement routine screening with techniques such as echocardi-
ography, cardiac magnetic resonance imaging, or multiple-gated
acquisition scanning to detect subclinical decline in cardiac
function. In addition, the guidelines suggest referral to a cardiol-
ogist and aggressive targeting of cardiovascular risk factors.

In recent years, there has been heightened recognition of
preclinical disease states for key cardiovascular risk factors, in-
cluding hypertension, diabetes, and dyslipidemia. Guidelines in the
general population recommend aggressive risk-reducing strategies
for individuals at high risk for cardiovascular disease, with
treatment goals for cardiovascular risk factors below levels that
define preclinical disease.18-20 High-risk cancer survivors may
similarly benefit from aggressive management of hypertension,
diabetes, and hyperlipidemia.

Chest radiation, an acknowledged risk factor for heart failure
among cancer survivors, was not associated with heart failure in
our cohort. Chest radiation has become increasingly focused,
minimizing exposure to the myocardium.21 Effects of chest ra-
diation are more likely to be identified years after diagnosis and
may not be relevant in the first few years after treatment
completion.

When interpreting our findings, it is important to understand
the study limitations. We opted to analyze follow-up data through
2012 (among those not previously censored) despite some missing
data. Specifically, we were unable to ascertain SPMs (a censoring
end point) in 2012. However, SPMs were rare in our cohort before
2012, with one to 31 patients per calendar year. Therefore, this is
unlikely to have affected our findings meaningfully. Similarly, we

Table 2. Predictors of Heart Failure Among Survivors in the Follow-Up Period (N = 2,508)

Predictors

Unadjusted Multivariable

HR (95% CI) P HR (95% CI) P

Age at diagnosis(years) 1.06 (1.05 to 1.08) , .01 1.07 (1.05 to 1.09) , .01
Male sex 1.20 (0.82 to 1.75) .35 1.61 (1.09 to 2.38) .02
Prediagnosis CVRF, No. , .01 , .01
1 v 0 2.61 (1.07 to 2.47) 1.63 (1.07 to 2.47)
$ 2 v 0 4.39 (2.44 to 7.92) 2.86 (1.56 to 5.23)

Vascular disease (prediagnosis)* 2.84 (1.82 to 4.43) , .01 1.40 (0.88 to 2.24) .16
Intrinsic heart disease (prediagnosis)† 3.00 (1.31 to 6.82) , .01 2.71 (1.15 to 6.36) .02
Received anthracyclines 0.61 (0.33 to 1.11) .11 0.49 (0.19 to 1.30) .15
Cumulative anthracycline dose (per 100 mg/m2) 1.06 (0.90 to 1.25) .49 1.45 (1.14 to 1.85) , .01
Received chest radiation 0.95 (0.51 to 1.77) .87 1.08 (0.58 to 2.02) .81
Received autologous transplantation 0.48 (0.12 to 1.96) .31 0.85 (0.21 to 3.54) .83

Abbreviations: CVRF, cardiovascular risk factors; HR, hazard ratio.
*Vascular disease includes myocardial infarction, coronary artery disease, stable and unstable angina, cardiac arrest, stroke, carotid artery disease, and transient
ischemic attacks.
†Intrinsic heart disease includes pericardial disease, valvular disease, myocardial disease, and cardiomyopathy without clinical heart failure.

Table 3. Selected 5-Year Risks (%) of Heart Failure Among Lymphoma
Survivors

No. of CVRFs

Male Female

No intrinsic
heart

disease
(% by years

of age)

Intrinsic
heart

disease
(% by years

of age)

No intrinsic
heart

disease
(% by years

of age)

Intrinsic heart
disease (% by
years of age)

50 60 70 50 60 70 50 60 70 50 60 70

0 2 4 8 6 11 19 1 3 5 4 7 12
$ 2 6 11 20 16 28 46 4 7 13 10 18 32

NOTE. Risks presented are for survivors without vascular disease and who
received a cumulative anthracycline dose of 300 mg/m2. No. of CVRFs refers to
dyslipidemia, hypertension, and diabetes diagnosed before diagnosis of lym-
phoma. Intrinsic heart disease diagnosis was before diagnosis of lymphoma.
Abbreviation: CVRFs, cardiovascular risk factors.
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were unable to ascertain heart failure as a cause of death beyond
2010. From 2000 through 2010, only four of the 77 heart failure
events (5%) were diagnosed as a cause of death without a prior
hospital discharge for heart failure. We extrapolated that with 38
heart failure events ascertained as a hospital discharge in 2011 and
2012, no more than two additional heart failure events would have
been ascertained as a cause of death (not preceded by a hospital
discharge). We do not believe this presents a significant bias in our
findings. Our approach to include additional years of follow-up
provided significant analytic power and enabled us to include all of
our important predictors in the multivariable model.

The Danish population registries lacked granular data that
may have improved our model. Tobacco use data were unavailable,
although the effects of tobacco on heart failure are generally in-
direct, mediated through preexisting cardiovascular conditions
included in our model. Clinical metrics, such as left ventricular
function and blood pressure measured at the start of follow-up,
were also unavailable. Similarly, we cannot ascertain the indication
for the medications used to identify hypertension. However, even
within the limitations of a registry cohort, important associations
of cardiovascular conditions and heart failure were still de-
tected, and they were robust to multiple sensitivity analyses. A
consequence of using an observational cohort is confounding
by indication, with healthier patients more likely to receive
anthracyclines. By modeling anthracyclines as both an indicator of
whether they were prescribed and the prescribed cumulative dose,
we were able to account for some bias. The Danish population is
predominantly white, which limits the generalizability of our
findings. However, the well-known Framingham risk factors were
originally developed in a white population and were later found to
predict cardiovascular mortality equally well in non-Hispanic black
and Mexican American participants.22 Similarly, consistent mag-
nitudes of associations between risk factors and myocardial in-
farction across international populations suggest that differences in
cardiovascular risk result from variations in exposure.23 Thus, our
model may generalize to more diverse populations. Finally, the
follow-up time precludes analysis of long-term heart failure risk.
However, with a median age of 62 years, even short-term risk is
relevant to this older population.

Our study demonstrated the excess risk of heart failure, even
in the short term, among survivors of aggressive NHL. It further
quantified the contribution of preexisting cardiovascular risk
factors to the later development of heart failure among survivors of
aggressive NHL. This confirms common practice among oncol-
ogists for limiting the use and dosage of anthracyclines in older
patients with multiple cardiovascular risk factors. The balance of
potential benefits and harms in the use of anthracyclines as part of
curative therapy for aggressive NHL should be considered with up-
front therapy. For survivors of NHL, the presence of cardiovascular
risk factors before the diagnosis of lymphoma in combination with
anthracycline treatment should alert providers to heightened risk
of heart failure even shortly after treatment. Clinicians should
focus on preventive strategies among newly diagnosed patients
with NHL with existing cardiovascular risk factors to avoid heart
disease that can manifest in the early years of survivorship.
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Appendix

Table A1. ICD-8 and ICD-10 Codes for Preexisting Cardiovascular Diseases and Risk Factors

Variable Diagnosis Codes

Vascular disease Myocardial infarction (ICD-8) 410, 410.09, 410.99, 411, 411.09, 411.99
Myocardial infarction (ICD-10) I21, I21.0, I21.1, I21.2, I21.3, I21.4, I21.9, I22, I22.0, I22.1, I22.8,

I22.9
Coronary artery disease (ICD-8) 412, 412.09, 412.99, 414, 414.09, 414.99
Coronary artery disease (ICD-10) I25, I25.1, I25.2, I25.3, I25.4, I25.6, I25.8
Angina (ICD-8) 413, 413.09, 413.99
Angina (ICD-10) I20, I20.0, I20.1, I20.8, I20.9, I24, I24.0, I24.8, I24.9
Cardiac arrest (ICD-10) I46, I46.0, I46.1, I46.9
Stroke (ICD-8) 430, 430.08, 430.09, 431, 431.08, 431.09, 433, 433.09, 433.99,

434, 434.09, 434.99, 436.01, 436.9
Stroke (ICD-10) G46, G46.0, G46.1, G46.2, G46.3, G46.4, G46.5, G46.6, G46.7,

G46.8, I60.0, I60.1, I60.2, I60.3, I60.4, I60.5, I60.6, I60.7,
I60.8, I60.9, I61, I61.0, I61.1, I61.2, I61.3, I61.4, I61.5, I61.6,
I61.8, I61.9, I63, I63.0, I63.1, I63.2, I63.3, I63.4, I63.5, I63.6,
I63.8, I63.9, I64

Carotid artery disease (ICD-8) 432, 432.01, 432.02, 432.08, 432.09, 432.9, 432.91, 432.92,
432.98, 432.99

Carotid artery disease (ICD-10) I65, I65.0, I65.1, I65.2, I65.8, I65.9, I66, I66.0, I66.1, I66.2, I66.3,
I66.8, I66.9

Transient ischemic attack (ICD-8) 435, 435.09, 435.99
Transient ischemic attack (ICD-10) G45, G45.0, G45.1, G45.2, G45.3, G45.4, G45.8, G45.9

Intrinsic heart disease Pericardial disease (ICD-8) 393, 393.01, 393.08, 393.09, 420, 420.08, 420.09, 423, 423.01,
423.02, 423.08, 423.09

Pericardial disease (ICD-10) I30, I30.0, I30.8, I30.9, I31, I31.0, I31.1, I31.2, I31.3, I31.8, I31.9,
I32

Valvular disease (ICD-8) 394, 394.9, 394.91, 394.92, 394.98, 394.99, 395, 395.9, 395.91,
395.92, 395.98, 395.99, 396, 396.9, 396.91, 396.92, 396.93,
396.94, 396.98, 396.99, 397, 424, 424.01, 424.02, 424.08,
424.09, 424.1, 424.11, 424.12, 424.18, 424.19, 424.9,
424.91, 424.92, 424.99

Valvular disease (ICD-10) I34, I34.0, I34.1, I34.2, I34.8, I34.9, I35, I35.0, I35.1, I35.2, I35.8,
I35.9, I36, I36.0, I36.1, I36.2, I36.8, I36.9, I37, I37.0, I37.1,
I37.2, I37.8, I37.9

Myocardial disease (ICD-8) 422, 422.99
Myocardial disease (ICD-10) I40, I40.1, I40.8, I40.9, I41, I41.8, I51.4
Cardiomyopathy (ICD-8) 425, 425.99, 426, 426.08, 426.09, 427, 429, 429.08, 429.09,

426.00
Cardiomyopathy (ICD-10) I25.5, I42, I42.0, I42.1, I42.2, I42.3, I42.4, I42.5, I42.7, I42.8,

I42.9, I43, I43.8, I51.7

Abbreviations: ICD, International Classification of Diseases codes; ICD-8, ICD, eighth revision; ICD-10, ICD, 10th revision.
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