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Abstract
Background—Few data are available on the secular changes in sudden coronary heart disease
(CHD) death in U.S. communities.

Methods—We examined trends in sudden CHD death from 1987 to 2004, using data from the
Atherosclerosis Risk in Communities (ARIC) study. Sudden CHD deaths in residents aged 35–74
years of four communities were ascertained using multiple sources such as death certificates,
informant and coroner interviews, and physician adjudications. Poisson regression was used to assess
the trends for the six time periods: 1987–1989, 1990–1992, 1993–1995, 1996–98, 1999–2001, 2002–
2004, after adjusting for demographic factors.

Results—Overall, 32.6% of CHD deaths were sudden, occurring within an hour after the onset of
symptoms, 63.5% of which had no prior diagnosis of CHD. For women, the rate declined by 40%
(P=0.059) for sudden deaths with CHD history, 27% (P=0.067) for those without CHD history, and
39% (P<0.001) for non-sudden CHD deaths. The trends did not differ by community. For men, the
trends differed by community for sudden deaths with and without CHD history (Ps for the
interaction=0.019 and 0.009, respectively) but not for non-sudden CHD death (P for the
interaction=0.10). For all communities combined, the decline in men was greatest for sudden deaths
with CHD history (by 58%, P<0.001), followed by non-sudden CHD deaths (by 39%, P<0.001) and
sudden deaths without CHD history (by 31%, P=0.002). However, the proportion of CHD deaths
that were sudden had remained stable over time.

Conclusion—Although the rate of sudden CHD deaths, with and without CHD history, declined
over time, the trend pattern may differ by community and gender.
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Sudden cardiac death (SCD) generally is defined as unexpected natural death due to a cardiac
cause within an hour after the onset of acute symptoms.(1) The majority of SCD is a result of
ventricular arrhythmia subsequent to coronary heart disease (CHD), often as the first
manifestation of CHD.(2–4) Currently recommended strategies to reduce SCD are three-fold:
1) primary prevention of CHD, especially among those at high risk of CHD, 2) prevention of
arrhythmias and sudden death among patients with coronary artery disease, and 3)
improvement of survival after cardiac arrest through a chain of intervention strategies.(5;6)

The relative contribution of primary prevention versus treatment to the decline in CHD
mortality in the U.S. has not been fully elucidated.(7–9) Recent studies attempted to measure
the trend in SCD among persons without CHD history, as an indicator of primary prevention,
and demonstrated that these “first event” SCD death rates have fallen over time.(2;3) These
studies, however, differed in case definition, geographic area, and study population, and were
limited by their generalizability due to study settings in confined geographic areas or in a single
race cohort.

Since 1987, the Atherosclerosis Risk in Communities (ARIC) study has been monitoring the
CHD incidence and mortality in four U.S. communities. All deaths have been ascertained
uniformly using multiple sources such as death certificates, informant and coroner interviews,
and physician adjudications. The ARIC study thus provides a unique opportunity to assess the
magnitude of and trends in rates of sudden CHD death with and without CHD history, as
compared with non-sudden CHD deaths, and to measure the changes by demographic
subgroups and communities.

METHODS
The ARIC community surveillance is conducted in four communities: Forsyth County, NC;
Jackson, MS; suburbs of Minneapolis, MN; and Washington County, MD. Hospitalized acute
myocardial infarction (MI) cases and CHD deaths among residents aged 35–74 years
(population about 360,000) were eligible for the surveillance registration. The study was
approved by the institutional review committee of the participating field centers. The detailed
design and methods used in the ARIC community surveillance has been described previously.
(10)

Briefly, for CHD deaths, trained staff obtained death certificates that met criteria based on age,
community residence, and underlying cause of death (ICD-9 codes 250, 401, 402, 410–414,
427–429, 440, 518.4, 798, and 799; for years 1999 and after, ICD-10 codes E10–14, I10–11,
I21–25, I46–51, I70, I97, J81, J96, R96, R98–99). Various sampling fractions were applied to
different classes of ICD codes for investigation.(11) For out-of-hospital deaths, next of kin and
other informants, certifying and family physicians, and coroner or medical examiners were
contacted to obtain information on the circumstances of death, prior symptoms, timing of
symptoms before death, and medical history. Two physicians from the Morbidity and Mortality
Classification Committee (MMCC) reviewed each out-of-hospital death independently and
assigned a final diagnosis using the ARIC criteria.(10) When the two reviewers disagreed on
the diagnosis, the MMCC Chair made the final classification.

Deaths were classified into definite or possible CHD deaths, non-CHD death, and unclassified.
(12) Prior to 1995, Maryland state law prohibited the contact of next-of-kin, and therefore
deaths occurring in Washington County were excluded from the main trend assessment for the
full period 1987 to 2004 but were included in a separate analysis for Washington County data
from 1996 to 2004.

In this analysis, sudden CHD death was defined as those assigned to a cause of definite or
possible CHD death, that occurred within one hour after the onset of acute symptoms. Over
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the study period, the information on timing of the events was not available for 12.9% of CHD
deaths, ranging from 10.8% to 17.4%. The percent missing over total CHD deaths did not
systematically increase or decrease over time. Therefore, deaths with unknown timing of
symptom onset were excluded from the analyses. Prior history of CHD was based on physician,
coroner, or next of kin reports of a history of angina, coronary insufficiency, or MI. Those with
unknown CHD history (17.6%), ranging from 13.8% to 20.4% over time, were excluded from
the analyses. Compared with those included in the analysis, excluded cases were more likely
to be women (36.8% vs. 32.8%, P=0.008) and African Americans (41.4% vs. 30.7%, P<0.001).
Mean age for the excluded was slightly younger than the included (62.4 vs. 63.0 years,
P=0.030). The proportions of the excluded were similar among the communities. A sensitivity
analysis was performed to address the impact of the exclusions on the trend assessment. It
addressed the uncertainties of the values by conducting analyses with various assumptions
surrounding unknown CHD history (with or without CHD history) and timing of symptom
onset (sudden or not-sudden).

Death rates were computed based on population estimates derived by interpolation from U.S.
census data. The direct standardization method was used to calculate age-and race-adjusted
death rates using the 2000 population as the standard. To assess the relative impact of changes
in sudden CHD deaths on total CHD mortality, non-sudden CHD death rate was also estimated.

The trend analyses were based on combined data from the three communities (Forsyth County,
Jackson, and Minneapolis) with complete data from 1987 to 2004. To improve the precision
of point estimates, we grouped data into six time periods: 1987–89, 1990–92, 1993–95, 1996–
98, 1999–2001, and 2002–04, with the period 1987–89 as the referent period. Poisson
regression was used to assess trends in the death rates. Risk ratios for the death rates by time
periods were estimated after adjusting for age, race, and community. Because previously
reported CHD mortality trends in ARIC communities differed by gender (In this analysis, P
value for the interaction between year and gender is 0.1888 for sudden CHD deaths with
history of CHD, 0.7853 for sudden deaths without history of CHD, and 0.2678 for non-
sudden CHD deaths), the analyses were stratified by gender. Comparison of time trends by
communities, between race groups, and across age groups was accomplished by including two
way interaction terms (year-group x age groups, year-group x race, and year-group x
community) at alpha level of 0.20. All analyses were conducted using SUDAAN (Research
Triangle Park, NC) to account for the stratified sampling scheme.

RESULTS
From 1987 to 2004, 7,434 CHD deaths with known CHD history and timing of the events were
identified from the three communities with complete data, 32.6% of which occurred suddenly.
Of those who died suddenly from CHD, 63.5% did not have a prior CHD diagnosis. Similarly
in Washington County, 32.2% of CHD deaths were sudden deaths; 55.9% of those sudden
deaths occurred as a first CHD event.

Table 1 shows the population characteristics and crude CHD death rates by community. During
the study period, the percent of younger residents (35–54 years) and African Americans
increased slightly over time. Overall, the proportion of African Americans was 22% in Forsyth
County; 56% in Jackson; 5% in suburbs of Minneapolis; and 6% in Washington County. The
crude death rates (total CHD and sudden CHD deaths) declined over time in the three
communities, with greater declines in Minneapolis.

The proportion of CHD deaths that were sudden with a prior CHD diagnosis, sudden without
prior CHD diagnosis, or non-sudden remained relatively stable during the six time periods
(Figure 1). Stratified analysis by community revealed the same pattern for Forsyth County,
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suburbs of Minneapolis, and Washington County (data not shown). For Jackson, however, the
proportion of sudden deaths without prior CHD diagnosis increased significantly from 19.4%
in 1987–89 to 28.2% in 2002–04.

Table 2 shows the characteristics of sudden and non-sudden CHD deaths during the six study
periods. Among all sudden CHD deaths, the proportion without a prior CHD diagnosis
increased slightly from 63.0% in 1987–89 to 70.7% in 2002–04 (age, sex, race adjusted P for
linear trend =0.013). Throughout the study period, approximately half of non-sudden CHD
deaths and almost all sudden CHD deaths occurred out of the hospital. For Washington County
(data not shown), the proportion of sudden deaths without prior CHD history also increased
from 47.8% in 1996–98 to 62.7% in 1999–2001and 62.5% in 2002–04. Similarly,
approximately half of non-sudden CHD deaths and almost all sudden CHD deaths occurred
out of the hospital.

Figure 2 shows age- and race-adjusted death rates from 1987 to 2004, by type of CHD deaths
(sudden vs. non-sudden) and gender. A decreasing trend was seen in the sudden death rate for
both men and women, although a greater decline was observed in the non-sudden death rate,
especially for men. Figure 3 shows the trends in age- and gender-adjusted sudden CHD death
rates by community during the six study periods. A fall in sudden CHD death rate was seen in
Forsyth County and suburbs of Minneapolis, but not in Jackson. During 1996 to 2004, the
sudden CHD death rate also declined in Washington County.

Trends in sudden and non-sudden CHD death rates after adjusting for age, race, and community
are shown in Tables 3 (for women) and 4 (for men). For women, the trends in the rates of
sudden death with CHD history and non-sudden CHD death did not differ significantly by
community (Ps for the interaction = 0.292 and 0.253, respectively), but the trend in sudden
deaths without CHD history marginally differed by community (P for interaction = 0.073). For
all three communities combined, the rate in women declined by 40% for sudden deaths with
prior CHD diagnosis and 27% for those without prior CHD diagnosis, but the reductions did
not reach statistical significance (Ps = 0.059 and 0.067, respectively). However, a significant
decline (39% reduction) was seen in non-sudden death (with or without CHD history) among
women in all three communities (36% to 55%) during the study period. For men, the trends
differed by community for sudden deaths with and without prior CHD diagnosis (Ps for the
interaction = 0.019 and 0.008, respectively) but not for non-sudden death (P for the interaction
=0.10). The male rate of sudden deaths without prior CHD diagnosis declined by 45% in
Forsyth County and 46% in Minneapolis, but stayed flat in Jackson. A decreasing trend was
seen in all three communities for sudden deaths with prior CHD diagnosis, although the
reduction was smaller (not statistically significant) in Jackson compared with other two
communities. For all communities combined, the decline in men was greatest for sudden deaths
with prior CHD diagnosis (by 58%), followed by non-sudden deaths (by 39%) and sudden
deaths without prior CHD diagnosis (by 31%).

Further stratified analysis by race and gender showed that in Jackson, age-adjusted death rates
for sudden CHD death without prior CHD diagnosis remained stable over time for both whites
and African Americans (data not shown). The pattern did not differ by gender. Similarly, the
decline in sudden death rate with prior CHD history did not differ by race in Jackson men. For
Forsyth County, however, age-adjusted rates of sudden deaths with and without prior CHD
history significantly declined in white men (similar to whites in Minneapolis, Ps = 0.188 and
0.935) but not in African American men.

Sensitivity analysis indicated that regardless of whether all CHD deaths with an unknown
timing of symptom onset to death were assumed to be sudden or non-sudden, the trend patterns
observed by community stayed similar for both women and men (data now shown). However,
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when all deaths with unknown history of CHD were assumed to be “present,” the magnitude
of decline in sudden deaths with CHD history for Jackson community became diluted and non-
statistically significant, whether all deaths with missing timing of symptom onset were assumed
to be sudden or non-sudden.

DISCUSSION
This study provides the 17-year trends (1987 to 2004) in sudden CHD deaths, with and without
prior CHD diagnosis, based on a large community-based surveillance study of residents aged
35–74 years. The classification of sudden CHD death was enhanced by multiple sources of
ascertainment and information. The results reveal a decreasing trend in the overall sudden CHD
death rate comparable to the decline in the non-sudden CHD death rate. The rate for sudden
deaths without prior CHD diagnosis declined in the communities combined, significantly in
men and marginally significantly in women. Importantly, this decline was found to differ by
community, significantly in men and marginally significantly in women.

The findings from this study regarding the reduced mortality from sudden deaths as a first CHD
event is congruent with findings presented recently by two other population-based studies.(2;
3) A decline in “unexpected” SCD, defined as SCD deaths without prior CHD diagnosis, was
noted in Olmsted County, MN from 1979 to 1998, although the study defined SCD as out-of-
hospital physician validated CHD death occurring less than 24 hours after symptom onset.(3)
The Framingham Heart Study, which used a definition similar to the present study but based
on a single cohort, reported that the risk of sudden CHD deaths for those without CHD history
or heart failure was 39% lower in 1990–1999 than in 1950–1969.(2) By analyzing data from
a population-based surveillance study in several U.S. communities, the present study provides
additional evidence for the important role of primary prevention in the reduction of total CHD
mortality.

Compared with other studies including coronary deaths only, the estimated sudden CHD death
rates from this study were lower, possibly due to the differences in case definition, study
populations, and exclusion of deaths with unknown timing of event or CHD history.(2;3)
Various criteria have been used to define sudden cardiac death in population-based studies,
with major differences in the time frame used to define “sudden” (<1 hour vs.<24 hours) and
ascertainment of cause or cardiac origin of death (by death certificates alone or by multiple
sources of information). The “1 hour” time frame is used to account for a more likely arrhythmic
mechanism, but may result in underestimating the “true” sudden cases because of the
unwitnessed deaths. Using “out of hospital” as a surrogate of SCD based on death certificates
was found to overestimate SCD incidence when compared with the results from multiple source
surveillance.(13) This view is supported by our finding that nearly 50% of non-sudden CHD
deaths in this study occurred outside a hospital.

Geographic variation in sudden coronary heart disease death in the U.S. was reported more
than 10 years ago.(14) The present study identified community disparities in the trend pattern
in sudden CHD deaths, especially among men. The decline in sudden deaths without prior
CHD diagnosis was noticed for men in Forsyth County, Minneapolis, and Washington County,
but not for men in Jackson. The same pattern was also noticed in women but the differences
were not statistically significant. These disparities were not explained by differences in race
distribution. Race-stratified analysis showed similar patterns in the trends for both whites and
African Americans in Jackson men and women. The reasons for the disparities are unclear, but
possible causes include the differences in the extent and effectiveness of primary prevention
(e.g., blood pressure and lipid control, smoking cessation, weight management, and regular
physical activity) and secondary prevention activities (e.g., awareness of the symptoms and
signs of cardiac arrest, the number of trained bystanders, the usage of implantable cardioverter
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defibrillator (ICD), and availability and use of automated external defibrillators (AED) in
public places). Further study is needed to examine the impact of community characteristics,
such as household income and education (by linking death records to the Census data), and
access and utilization of needed emergency care, on the occurrence of sudden deaths.

The findings in this report are subject to some limitations. First, the reported CHD and sudden
CHD death rates are underestimated because of excluding a significant proportion of CHD
deaths with unknown history of CHD or unknown timing between onset of symptoms and
deaths. However, the percent missing over total CHD deaths did not systematically increase
or decrease over time, and should not affect trend assessment in CHD death rates. Also, our
sensitivity analysis showed that the time trend in CHD death rate or sudden CHD death rate
was qualitatively similar whether all or none of cases with missing CHD history were counted
as first CHD events, or whether all or none of the missing timing values were included as
sudden CHD death. Secondly, this study did not collect detailed information such as the role
of witnesses and resuscitation attempts, and thus cannot evaluate the impact of resuscitation
advances on the reduction of sudden and non-sudden CHD deaths. Thirdly, the information on
prior diagnosis of CHD for sudden deaths was mainly obtained from informants, which might
have resulted in some misclassification of the CHD history. Nevertheless, we are not aware of
any evidence for a systematic change over time in this reporting, and thus any misclassification
should not impact on the trend assessment. Furthermore, due to a lack of community and
decedent data on specific risk factors, such as smoking, blood pressure, and complete medical
history, this study cannot delineate the reasons for declining sudden cardiac deaths. Finally,
the study was conducted in residents aged 35–74 years of several U.S. communities, and may
not applicable to other age groups and geographic areas.

Notwithstanding these limitations, ARIC study provides unique advantages for the study of
sudden CHD death and its impact on the total CHD mortality. It is important to note that the
proportion of CHD deaths that were sudden had remained relatively stable in ARIC study
communities during the study period. Further efforts are needed to identify and support best
practices in treatment and prevention for CHD and SCD.
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Figure 1.
Proportion of deaths due to coronary heart disease (CHD) that were sudden without prior CHD
history, sudden with prior CHD history, and non-sudden CHD: ARIC Community Surveillance
study 1987–2004
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Figure 2.
Age-and race-adjusted rate of sudden and non-sudden deaths from coronary heart disease, by
gender: ARIC Community Surveillance Study 1987–2004
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Figure 3.
Age- and gender adjusted rate of sudden death from coronary heart disease, by community and
study period: ARIC Community Surveillance Study 1987–2004
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