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In the Atherosclerosis Risk in Communities (ARIC) surveillance study, out-of-hospital fatal

coronary heart disease (CHD) declined more slowly than total fatal CHD over 1987-2008;1

however, the upper age limit was 74 and temporal changes in risk factors and preventive

therapies were not considered. To evaluate secular trends in CHD, fatal CHD, and out-of-

hospital fatal CHD in a broader age range accounting for changes in risk factors and

therapies, we used data from the ARIC cohort study,2 the Cardiovascular Health Study

(CHS),3 and the REasons for Geographic And Racial Differences in Stroke (REGARDS)

study.4 ARIC and CHS data were obtained as limited datasets from the National Heart,

Lung, and Blood Institute data repository. REGARDS data were obtained from study

investigators. Institutional review boards at participating centers approved these studies, and

participants provided written informed consent. The University of Alabama at Birmingham

institutional review board approved this project which conforms to the ethical guidelines of

the 1975 Declaration of Helsinki.

ARIC recruited participants aged 45-64 years from 4 United States communities between

1987 and 1989. We excluded 60 participants not in the limited dataset (n = 15,732). CHS

recruited participants aged ≥65 years from 4 United States communities between 1989 and

1993. We excluded 93 participants not in the limited dataset and 39 who were neither black

nor white (n = 5,756). REGARDS recruited black and white participants aged ≥45 years

from the 48 continental United States between 2003 and 2007. We excluded 569 participants

without follow-up data (n = 14,992 aged <65 years, n = 14,857 aged ≥65 years).

With the exception of family history of CHD, participant characteristics were defined

similarly across populations. Participants in ARIC and REGARDS were asked about CHD

before age 65 in mothers and 55 in fathers, and participants in CHS were asked about CHD

before age 55 in brothers and sisters.

We included the first seven years of follow-up in each population. Participant follow-up and

CHD adjudication was conducted by ARIC, CHS, and REGARDS study investigators as

previously described.5-9 Additional cases were identified in ARIC through hospital
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discharge records and in CHS through Medicare hospitalization records. Fatal CHD

included all deaths within 28 days of the index CHD event. Out-of-hospital fatal CHD was

defined as fatal CHD that occurred without a hospitalization. Participants were censored at

the time of a non-fatal CHD event. Myocardial infarction (MI) diagnosis became more

sensitive between the late 1980s/1990s and the 2000s due to transition from creatine

phosphokinase to troponin assays.10, 11 Therefore, MIs with maximum troponin <0.5 μg/L in

REGARDS, which may not have been detectable in ARIC or CHS, were considered non-

cases unless there were diagnostic electrocardiogram findings.

All analyses were stratified by age at baseline (45-64 or ≥65 years). Participant

characteristics were summarized as means and standard deviations or percentages. We

constructed Kaplan-Meier curves for CHD, fatal CHD, and out-of-hospital fatal CHD by

time period. We calculated age-, race-, and sex-adjusted rates and 95% confidence intervals

(CIs) by time period overall and by history of CHD at baseline using Poisson models with

over-dispersion parameters and an offset of natural logarithm of person-time. We calculated

hazard ratios and 95% CIs comparing time periods using Cox hazards models adjusted for

age, sex, race, diabetes, LDL cholesterol, lipid-lowering therapy, systolic blood pressure,

antihypertensive medications, smoking, HDL cholesterol, family history of CHD, body mass

index, and baseline history of CHD. The proportional hazards assumption was tested using

an interaction term between time period indicator and natural logarithm of follow-up time;

there was no evidence of violation. Two-side p-values < 0.05 were considered statistically

significant.

Compared to participants recruited 1987-1993 (ARIC and CHS), a larger proportion of

2003-2007 participants (REGARDS) were black, had diabetes, history of CHD, and family

history of CHD, and used lipid lowering and antihypertensive medications (Table 1). LDL

cholesterol and prevalence of smoking were lower and body mass index was higher in

2003-2007 than in 1987-1993.

Unadjusted cumulative incidence of CHD and age-, race, and sex-adjusted CHD incidence

rates were lower in the 2000s than in the late 1980s/1990s (Figure 1, Table 2). In fully-

adjusted models, CHD incidence was lower in the 2000s than in the late 1980s/1990s (Table

3). After multivariable adjustment, fatal CHD was less common in the 2000s than the late

1980s/1990s, particularly for individuals with history of CHD. Unadjusted cumulative

incidence of out-of-hospital fatal CHD was higher in the 2000s than in the late 1980s/1990s.

The age-, race-, and sex-adjusted rates of out-of-hospital fatal CHD did not decline

significantly between the late 1980s/1990s and the 2000s, except for the subgroup of

individuals 45-64 years of age with a history of CHD at baseline. After multivariable

adjustment, out-of-hospital fatal CHD was lower in the 2000s compared to the late 1980s/

1990s among individuals ages 45-64 years. Among older adults with a history of CHD, there

were no differences in out-of-hospital fatal CHD, and there was an increase in out-of-

hospital fatal CHD among those without a history of CHD.

Strengths of this report include prospective data collection, adjudicated CHD, wide age

range, and large number of black and white participants. There are also limitations. Data

collection varied across populations. Because of the methods for detecting non-fatal CHD
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events, a greater proportion of nonfatal events were likely captured in ARIC and CHS than

REGARDS. However, all studies employed active follow-up and vital records to detect

deaths. Diagnosis of MI has increased in sensitivity. We excluded cases in REGARDS

diagnosed because of small troponin elevations that may not have been detected previously.

The studies drew participants from different underlying populations. Differences between

studies could have contributed to observed differences in CHD.

In summary, our results suggest that over the past 25 years out-of-hospital fatal CHD rates

did not improve substantially among middle-aged adults and increased among older adults.

Our results extend those from prior studies by adjusting for changes in risk factors and use

of preventive medications. Reducing out-of-hospital CHD death should be a focus of

research and prevention efforts.
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Figure 1.
Kaplan-Meier curves for incidence of coronary heart disease (CHD) (top panel), fatal CHD

(middle panel), and out-of-hospital (OOH) fatal CHD (bottom panel) for individuals <65

years of age (left panel) and ≥65 years of age (right panel) comparing the 2000s (REasons

for Geographic And Racial Differences in Stroke study population) to the late 1980s/1990s

(Atherosclerosis Risk In Communities cohort study population and Cardiovascular Health

Study population).

Levitan et al. Page 6

Int J Cardiol. Author manuscript; available in PMC 2015 June 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Levitan et al. Page 7

Table 1

Study participant characteristics by age group and time period*

Age group 45-64 years of age ≥65 years of age

Time period ARIC† (late 1980s/1990s) REGARDS‡ (2000s) CHS§ (late 1980s/1990s) REGARDS‡ (2000s)

N 15,732 14,992 5,795 14,678

Age, years 54.2 (5.7) 57.3 (4.9) 72.3 (5.6) 72.7 (5.9)

Sex (%)

 Male 44.8 42.4 42.5 47.5

 Female 55.2 57.6 57.5 52.5

Race (%)

 Black 27.1 43.9 15.7 38.3

 White 72.9 56.1 84.3 61.7

History of diabetes (%) 12.0 20.3 15.7 23.8

History of CHD (%) 5.0 12.3 19.6 23.8

LDL cholesterol, mg/dL 138 (39) 117 (35) 130 (36) 110 (34)

Lipid-lowering therapy use (%) 2.9 28.6 5.4 38.7

Cigarette smoking (%)

 Current 26.2 18.8 12.1 10.0

 Past 32.1 35.1 41.4 45.6

 Never 41.7 46.1 46.5 44.4

Hypertension (%) 34.9 52.6 65.8 65.8

Antihypertensive medication use
(%)

25.5 47.6 47.5 59.7

HDL cholesterol, mg/dL 52 (17) 52 (16) 54 (16) 52 (16)

Family history of premature CHD
(%)

11.7 21.5 9.9 19.3

Body mass index, kg/m2 27.7 (5.4) 30.2 (6.6) 26.6 (4.1) 28.5 (5.6)

*
Numbers are mean (standard deviation) or percentages

†
ARIC: Atherosclerosis Risk In Communities cohort study population recruited 1987-1989

‡
REGARDS: REasons for Geographic And Racial Differences in Stroke study population recruited 2003-2007

§
CHS: Cardiovascular Health Study population recruited 1989-1993
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Table 3
Hazard ratios and 95% confidence intervals for CHD, fatal CHD, and out-of-hospital
fatal CHD comparing the 2000s (REasons for Geographic And Racial Differences in
Stroke study population) to the late 1980s/1990s (Atherosclerosis Risk In Communities
cohort study population and Cardiovascular Health Study population)

Age-, sex-, race-adjusted Multivariable-adjusted*

CHD incidence

Overall

 45-64 years of age 0.64 (0.55, 0.74) 0.58 (0.46, 0.73)

 ≥65 years of age 0.45 (0.40, 0.51) 0.45 (0.38, 0.53)

History of CHD at baseline

 45-64 years of age 0.40 (0.31, 0.52) 0.30 (0.19, 0.48)

 ≥65 years of age 0.42 (0.36, 0.50) 0.42 (0.32, 0.55)

No history of CHD at baseline

 45-64 years of age 0.62 (0.51, 0.74) 0.73 (0.56, 0.95)

 ≥65 years of age 0.44 (0.37, 0.51) 0.48 (0.38, 0.59)

Fatal CHD

Overall

 45-64 years of age 1.02 (0.78, 1.33) 0.69 (0.44, 1.09)

 ≥65 years of age 0.62 (0.51, 0.75) 0.60 (0.45, 0.79)

History of CHD at baseline

 45-64 years of age 0.60 (0.39, 0.92) 0.23 (0.10, 0.53)

 ≥65 years of age 0.41 (0.32, 0.53) 0.44 (0.30, 0.66)

No history of CHD at baseline

 45-64 years of age 0.96 (0.67, 1.37) 1.10 (0.66, 1.85)

 ≥65 years of age 0.88 (0.64, 1.20) 0.95 (0.61, 1.46)

Out-of-hospital fatal CHD

Overall

 45-64 years of age 1.06 (0.80, 1.41) 0.64 (0.39, 1.05)

 ≥65 years of age 1.43 (1.08, 1.90) 1.35 (0.92, 1.96)

History of CHD at baseline

 45-64 years of age 0.65 (0.42, 1.03) 0.26 (0.11, 0.62)

 ≥65 years of age 1.03 (0.71, 1.51) 1.04 (0.61, 1.76)

No history of CHD at baseline

 45-64 years of age 0.96 (0.65, 1.40) 0.99 (0.56, 1.74)

 ≥65 years of age 1.79 (1.16, 2.76) 2.03 (1.15, 3.57)

CHD: coronary heart disease

*
Adjusted for age, sex, race, history of diabetes, low-density lipoprotein cholesterol, lipid-lowering therapy use, systolic blood pressure,

antihypertensive medication use, smoking, high-density lipoprotein cholesterol, family history of CHD, body mass index, and baseline history of
CHD (overall population only)
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