
Coronary Heart Disease Risk Factors and
Attributable Risks in African-American
Women and Men: NHANES I
Epidemiologic Follow-Up Study

Richard F. Gillum, MD, Michael E. Mussolino, MA, and Jennifer H. Madans, PhD

Introduction

ijA_t ,,'j' Despite recent increased interest in and
funding for health research in women and
minorities, few reports on the incidence of
coronary heart disease from prospective,
longitudinal studies of population-based
cohorts are available for Black women.'9
Still controversial is whether standard coro-
nary risk factors and socioeconomic status
are predictive of coronary heart disease in
Black women. Therefore, data from a
national cohort that has now been followed
up for as long as 22 years were analyzed to
test the hypothesis that standard coronary
nsk factors (systolic blood pressure, serum
cholesterol concentration, and cigarette
smoking) and socioeconomic status are
significant predictors of coronary heart dis-
ease incidence in Black women and men.
Population attributable risks are presented to
assist in planning and prioritizing strategies
for reducing coronary incidence and mortal-
ity in Blacks.

Methods

The first National Health and Nutrition
Examination Survey (NHANES I) collected
data on a nationwide multistage probability
sample of the civilian noninstitutionalized
population aged 1 to 74 years of the United
States, excluding Alaska, Hawaii, and
reservation lands of American Indians.'0"'
Details of the plan, complex sample design,
response, and operation were published pre-

.; viously, as were procedures used to obtain
informed consent and to maintain confiden-
tiality of obtained information.'0"' Older
persons, women of childbearing age, and
persons residing in poverty areas were
oversampled.

The NHANES I Epidemiologic Fol-
low-Up Study (NHEFS) is a longitudinal

study of participants in NHANES I who
were 25 to 74 years of age at the time of the
survey (1971-1975).12-14 The personal
interviews and physical and laboratory
examinations of NHANES I provided the
baseline data for the NHEFS. This analysis
was based on 4 waves of follow-up data
collection from 1982 through 1984 and dur-
ing 1986, 1987, and 1992. Data collected
consisted of 4 interview surveys, health
care facility medical records for the period
between baseline and last follow-up, and
death certificates for all decedents. Informa-
tion about place and date of hospitalizations
was obtained from follow-up interviews,
death certificates, or both; hence, without
one of these data sources, hospital records
were usually unavailable. Hospital records
may also be missing because of subject or
proxy refusal, hospital refusal, or inability
to locate specific hospitals or hospital
records. The completeness of data collec-
tion has been reported elsewhere.'5-17 A
study using both Medicare and NHEFS
data found that 80% of hospital stays for
coronary heart disease that were detected
by either of these sources were detected by
the NHEFS.'7 Persons who became institu-
tionalized after the baseline examination
were included in the NHEFS. Age-, race-,
and sex-specific mortality in the NHEFS
cohort has been quite similar to that
expected for the US population.'5

This analysis included Black and White
persons aged 25 to 74 years at baseline in
NHANES I. Of the 2199 Black and 12 036
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White persons in this age group at baseline,
172 Blacks (7.8%) and 614 Whites (5.1%)
were lost to follow-up (there was no subject
or proxy interview at any follow-up wave

and no death certificate). Excluded from all
analyses were 217 Black and 864 White per-

sons for whom history of heart disease, sys-

tolic blood pressure, serum cholesterol,
smoking status, family income, or educa-
tional attainment were unknown at baseline
or who were pregnant at baseline examina-
tion. Also excluded from coronary heart dis-
ease analyses were 169 Black and 898 White
persons who had a positive history of heart
disease at baseline, defined as persons who
had ever been told by a physician that they
had had a heart attack or heart failure; who
had used any medication for a weak heart
during the 6 months prior to the baseline
interview; or who had a baseline electrocar-
diogram consistent with prior transmural
myocardial infarction (electrocardiograms
were available only for persons in the
detailed examination subsample). After all
exclusions, 1641 Black and 9660 White per-

sons remained for coronary heart disease
analyses. The length of follow-up in the
NHEFS for coronary heart disease-free sur-

vivors ranged from 8.0 to 22.1 years (median
19.2 years).

CHD Criteria

Incident coronary heart disease cases

met 1 or both of the following criteria: (1)
had a death certificate with underlying or

nonunderlying cause of death coded 410 to
414 according to the International Classifi-
cation of Diseases, Ninth Revision (ICD-9)
or (2) had one or more hospital stays during
the follow-up period with any discharge
diagnosis coded 410 to 414 according to the
Clinical Modification of ICD-9 (ICD-9
CM). The date of incidence was considered
the date of first hospital admission with a

coronary heart disease diagnosis or, for
coronary heart disease deaths without any
hospital records of coronary heart disease,
the date of death.

Baseline Variables

At baseline, blood samples were

obtained and frozen serum was sent to the
Centers for Disease Control (CDC) for
determination of serum total cholesterol.'0"18
The baseline medical history questionnaire
included questions about selected conditions
and about medications used for selected
conditions during the preceding 6 months.'0
At the beginning of the baseline physical
examination, the physician measured blood
pressure once with the examinee seated.'0

With a few exceptions, a standard mercury

sphygmomanometer was used. A 13-cm or

9.5-cm cuff was chosen that was at least
20% wider than the diameter of the arm.

American Heart Association guidelines
were followed.

Examining physicians were White
males. A standardized protocol was used for
all participants. Smoking status was

obtained at baseline for the subsample that
received the detailed examination. For the
remaining persons, smoking status at base-
line was either derived from questions on

the follow-up interview on lifetime smoking
history or imputed.'9'20 The validity of this
approach has been documented.'9'20 Other
baseline variables were measured as

described elsewhere.'0

Statistical Methods

Estimates of the risk of coronary heart
disease for persons with a risk factor rela-
tive to those without the risk factor were

derived from Cox proportional hazards
regression models.2124 Separate analyses
were carried out for groups based on race

and sex. All models included age at base-
line in single years as a covariate. Other
variables previously shown to have impor-
tant associations with CHD risk in this
cohort6 were entered as indicator variables:
systolic blood pressure of 140 mm Hg or

higher, serum cholesterol concentration of
240 mg/dL or higher, history of current

smoking, fewer than 12 years of education
completed, and family income of less than
$5000.

Persons who died of other causes in
coronary heart disease analyses were cen-

sored at the date of death. Survivors were

censored at the date last known alive. To
assess the effect of the complex survey

design on the results, Cox regression analy-
ses were repeated, using Software for Sur-
vey Design Analysis (SUDAAN).25'26
Results of weighted analyses were generally
consistent with the conclusions derived from
the unweighted estimates, which have
smaller variances. Therefore, only the data
from the unweighted Cox regression models
are presented.26

Population attributable risk (PAR) was

computed by standard methods as follows:

PAR = Pe(RRe- 1)/[Pe(RRe- 1) + 1] X 100,

where Pe is the age-adjusted proportion of
the population exposed at baseline and RRe
is the age-adjusted relative risk of exposed
persons compared with nonexposed persons

from proportional hazards analysis.27 PAR
varies with definitions used for prevalence;
clinically significant blood pressure and
cholesterol cutpoints and socially meaning-
ful education cutpoints were selected. Age-
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TABLE 1-Number of Incident Cases of Coronary Heart Disease and Age-
Adjusted Levels of Risk Factors, by Sex and Race, among Persons
Aged 25 to 74 Years at Baseline: NHANES I Epidemiologic Follow-Up
Study, 1971-1992

Women Men
Cases Noncases Cases Noncases

Blacks (n = 177) (n = 864) (n = 137) (n = 463)
Age,y 56.5 44.5* 60.5 50.4**
Systolic blood pressure, mm Hg 142.4 139.2 153.3 141.4**
Serum cholesterol, mg/dL 223.8 217.2 231.9 216.2**
Current smoking, % 43.0 37.3 45.4 52.6
History of hypertension, % 51.1 34.2** 33.6 23.5*
Taking blood pressure medication, % 31.5 18.8** 17.1 13.1
Education < 12 y, % 69.2 63.9 79.1 69.7*
Family income < $5000, % 57.3 50.9 53.3 44.5

Whites (n = 970) (n = 4774) (n = 1085) (n = 2831)
Age, y 61.4 44.2** 59.0 46.6**
Systolic blood pressure, mm Hg 136.5 129.8** 138.7 133.3**
Serum cholesterol, mg/dL 227.1 219.5** 225.9 217.0**
Current smoking, % 37.1 30.1** 48.5 41.3**
History of hypertension, % 34.3 20.2** 24.3 16.4**
Taking blood pressure medication, % 20.3 10.6** 12.8 7.9**
Education < 12 y, % 48.5 36.3** 48.1 41.8**
Family income < $5000, % 32.3 22.3** 21.6 18.8

*P < .05, cases vs noncases.
**P < .01, cases vs noncases.
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adjusted risk factor levels for cases and non-

cases were computed by the direct method
with the entire cohort as standard.

Results

Table 1 shows the number of incident
cases of coronary heart disease, by sex and
race, among persons aged 25 to 74 years.

Also shown are the age-adjusted levels of
selected risk factors by coronary heart dis-
ease status at follow-up.

Proportional hazards analyses for
women aged 25 to 74 revealed that age, sys-

tolic blood pressure, and smoking in Blacks,
and age, systolic blood pressure, smoking,
low educational attainment, and low family
income in Whites were significant (P < .05),
independent risk factors for coronary heart
disease (Table 2). In men aged 25 to 74,
significant, independent risk factors for coro-

nary heart disease were age, systolic blood
pressure, serum cholesterol, low educational
attainment, and low family income in Blacks,
and age, systolic blood pressure, serum cho-
lesterol, smoking, and low educational attain-
ment in Whites. There were no significant
interactions of any risk factors with age in
Blacks. Effect modification by age in White
women will be the subject of another report;
the results for White women of all ages pre-

sented here must be interpreted with caution.
When current use of blood pressure

medication was added to the model for
women, it was a significant predictor of
coronary heart disease after controls were

applied for age (Blacks, relative risk [RR] =

1.76, 95% confidence interval [CI] = 1.28,
2.41; Whites, RR = 1.64, 95% CI = 1.42,
1.90) or for all risk factors (Blacks, RR =

1.62, 95% CI = 1.18, 2.24; Whites, RR =

1.54, 95% CI = 1.33, 1.78). However, the
relative risks for variables other than sys-

tolic blood pressure were essentially
unchanged from those shown in Table 2 in
risk-adjusted analyses. The same was true
for White men. In Black men, use of blood
pressure medication was not a significant
predictor of coronary heart disease inci-
dence (age-adjusted RR = 1.42, 95% CI =

0.93, 2.18; risk-adjusted RR = 1.21, 95% CI
= 0.78, 1.87), with relative risks of other
variables, including systolic blood pressure,
unaffected by its inclusion. The results of
weighted analyses were consistent with
those shown in Table 2, with the exception
of some results for Black men. For Black
men, weighted analyses showed even

higher risks for low educational attainment
and income, but somewhat smaller, non-

significant risks for elevated systolic blood
pressure and serum cholesterol.

Computations were performed of pop-
ulation attributable risk of coronary heart
disease due to elevated systolic blood pres-

sure, current cigarette smoking, elevated
total serum cholesterol, and fewer than 12
years of education completed (Table 3). In
this cohort, 19% of coronary heart disease
cases in Black women and 16% in White
women might be prevented if systolic blood
pressure were below 140 mm Hg in every-

one. Attributable coronary heart disease
risks for fewer than 12 years of education
completed were similar to those for ele-
vated blood pressure in Black and White
women. In Black men, attributable risk for
low educational attainment (46%) was even

higher than that for elevated blood pressure
(34%); both were higher in Black than in
White men. Attributable risk for elevated
serum cholesterol was similar to that for

elevated systolic blood pressure in White
men but lower in Black men.

Discussion

Results of the few cohort studies of coro-
nary heart disease among Blacks reported
prior to 1980 have been reviewed previ-
ously.1'2 More recent reports often focused on

extended follow-up of small southern
cohorts4'28 or follow-up for mortality rather
than incidence in men.7'29'30 These cohort
studies have consistently found elevated sys-
tolic blood pressure to be an independent risk
factor for coronary heart disease in Black
women and Black men.1-928-3 1 However,
serum cholesterol has not consistently been
found to predict coronary heart disease risk in
either Black women or Black men.1-9,2831
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TABLE 2-Relative Risks for Coronary Heart Disease Associated with Risk
Factors at Baseline, by Sex and Race, among Persons Aged 25-74
Years at Baseline: NHANES I Epidemiologic Follow-Up Study,
1971-1992

Age-Adjusted Risk-Adjusteda
Risk Factor RR (95% Cl) RR (95% Cl)

Women
Systolic blood pressure
Blacks 1.50 (1.04, 2.15)* 1.47 (1.02, 2.12)*
Whites 1.55 (1.35, 1.79)** 1.54 (1.34, 1.78)**
Serum cholesterol
Blacks 1.12 (0.82,1.53) 1.15 (0.84,1.57)
Whites 1.11 (0.97, 1.27) 1.09 (0.95,1.24)
Smoking
Blacks 1.47 (1.04, 2.06)* 1.51 (1.07, 2.13)*
Whites 1.54 (1.33, 1.78)** 1.59 (1.37, 1.84)**
Education <12 y
Blacks 1.41 (0.96, 2.05) 1.29 (0.88,1.90)
Whites 1.56 (1.37, 1.79)** 1.45 (1.26, 1.67)**
Family income <$5000
Blacks 1.33 (0.96,1.84) 1.25 (0.89,1.74)
Whites 1.34 (1.17, 1.53)** 1.20 (1.04, 1.38)*

Men
Systolic blood pressure
Blacks 2.09 (1.41, 3.09)** 2.15 (1.45, 3.19)**
Whites 1.45 (1.28, 1.64)** 1.41 (1.24, 1.59)**
Serum cholesterol
Blacks 1.47 (1.05, 2.07)* 1.45 (1.03, 2.05)*
Whites 1.40 (1.24, 1.59)** 1.42 (1.26, 1.60)**
Smoking
Blacks 0.89 (0.62,1.26) 0.92 (0.64,1.31)
Whites 1.49 (1.32, 1.69)** 1.47 (1.30, 1.66)**
Education <12 y
Blacks 2.25 (1.31, 3.85)** 2.00 (1.15, 3.47)*
Whites 1.34 (1.17, 1.52)** 1.24 (1.09, 1.42)**
Family income <$5000
Blacks 1.61 (1.10, 2.36)* 1.54 (1.05, 2.27)*
Whites 1.21 (1.05, 1.39)** 1.09 (0.94,1.25)

Note. Relative risk (RR) was derived from Cox proportional hazard regression models and
based on systolic blood pressure .140 mm Hg and serum cholesterol .240 mg/dL.
Cl = confidence interval.

aAdjusted for baseline age and for cardiovascular disease risk factors listed.
*P < .05; **P < .01.
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TABLE 3-Population Attributable Risk (PAR) of Coronary Heart Disease, By
Race and Sex, among Persons Aged 25 to 74 Years at Baseline:
NHANES I Epidemiologic Follow-Up Study (NHEFS), 1971-1992

PAR, %
Systolic Blood Current Serum Cholesterol Education

Pressure >140 mm Hg Smoking > 240 mg/dL <12 y

Black women 19 15 4 21
Black men 34 a 12 46
White women 16 14 ... a 18
White men 14 18 10 12

Note. PAR = Pe(RRe-1)/[Pe(RRe-1)+1] x 100. Pe is taken from the NHEFS baseline
unweighted; RR is the age-adjusted relative risk.

aNonsignificant association.

A report based on the initial wave of
follow-up of the NHEFS in 1982 through
1984 indicated similar predictive power of
systolic blood pressure, serum cholesterol,
and income for both Blacks and Whites aged
25 to 74.6 Another recent study found that in
a small cohort of Blacks systolic blood pres-
sure in women and systolic blood pressure
and smoking in men predicted coronary
heart disease mortality after controls were
applied for age or other factors; serum cho-
lesterol was significant in Black women after
adjustment for age but no longer significant
after adjustment for multiple risk factors.4
An early cohort study failed to find an asso-
ciation of serum cholesterol and coronary
heart disease risk in Black women.5

Smoking was predictive of coronary
heart disease risk in some cohorts of Black
women3 and men,7 but not in other Black
female4'6 or male6 cohorts. However, none
of the studies that reported no association
between serum cholesterol or smoking and
coronary heart disease risk in Black women
have had sufficient statistical power to
exclude an important association with con-
fidence. The present data cannot exclude
modest effects of elevated total serum cho-
lesterol in Black women, although strong
effects (RR > 1.6) are not compatible with
these data. An inverse association between
risk of coronary heart disease death and
income after control for age or other risk
factors was reported in one large cohort of
Black men,31 but not in smaller cohorts of
Black men or women.4 Population attribut-
able risk was not reported for coronary
heart disease incidence in other studies.'-9

Putative mechanisms by which the
variables studied increase coronary risk
have been discussed at length elsewhere. 1-9
The effect of low education was not ex-
plained by other risk factors in this analysis
and may be mediated by health behaviors
not considered, less access to care, and

other psychosocial factors discussed else-
where.3'

Limitations of the present study
include possible bias arising from loss to
follow-up and missing hospital data at fol-
low-up. A further source of possible bias
was misclassification due to inaccuracy of
diagnoses coded on death certificates and
hospital records. Analyses in which deaths
or hospitalizations with a diagnosis code
of ICD-9 429.2 (arteriosclerotic cardiovas-
cular disease) or an interview history of
heart attack or coronary bypass surgery
without supporting hospital records were
included in the definition of coronary heart
disease (260 additional cases) produced
results essentially similar to those shown.
The anomalous finding for smoking in
Black men may be due to bias related to
the use of data from follow-up interviews
and imputed data for about half the sub-
jects. Relative risk estimates may be
biased toward the null by regression dilu-
tion bias, effects of treatment, and smok-
ing cessation.

In conclusion, data from the NHANES
I Epidemiologic Follow-Up Study revealed
that elevated systolic blood pressure and
smoking in Black women and elevated sys-
tolic blood pressure and elevated serum
cholesterol in Black men were predictive of
coronary heart disease incidence in a
national cohort. Estimates of population
attributable risk for standard risk factors
were highest for elevated systolic blood
pressure and fewer than 12 years of educa-
tion completed, especially in Black men.
Further cohort studies of larger numbers of
Blacks are needed to replicate and extend
these findings for smoking and education.
Further studies of serum lipids, education,
and coronary heart disease in Black women
are needed. Pooling of results from multiple
studies30 and meta-analysis may be produc-
five approaches. E
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