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ABSTRACT

BACKGROUND
The antecedents and epidemiology of heart failure in young adults are poorly under-
stood.

METHODS

We prospectively assessed the incidence of heart failure over a 20-year period among
5115 blacks and whites of both sexes who were 18 to 30 years of age at baseline. Using
Cox models, we examined predictors of hospitalization or death from heart failure.

RESULTS

Over the course of 20 years, heart failure developed in 27 participants (mean [+SD] age
at onset, 3946 years), all but 1 of whom were black. The cumulative incidence of heart
failure before the age of 50 years was 1.1% (95% confidence interval [CI], 0.6 to 1.7) in
black women, 0.9% (95% CI, 0.5 to 1.4) in black men, 0.08% (95% CI, 0.0 to 0.5) in
white women, and 0% (95% CI, 0 to 0.4) in white men (P=0.001 for the comparison of
black participants and white participants). Among blacks, independent predictors at 18
to 30 years of age of heart failure occurring 15 years, on average, later included higher
diastolic blood pressure (hazard ratio per 10.0 mm Hg, 2.1; 95% CI, 1.4 to 3.1), higher
body-mass index (the weight in kilograms divided by the square of the height in meters)
(hazard ratio per 5.7 units, 1.4; 95% CI, 1.0 to 1.9), lower high-density lipoprotein cho-
lesterol (hazard ratio per 13.3 mg per deciliter [0.34 mmol per liter], 0.6; 95% CI, 0.4 to
1.0), and kidney disease (hazard ratio, 19.8; 95% CI, 4.5 to 87.2). Three quarters of those
in whom heart failure subsequently developed had hypertension by the time they were
40 years of age. Depressed systolic function, as assessed on a study echocardiogram
when the participants were 23 to 35 years of age, was independently associated with
the development of heart failure 10 years, on average, later (hazard ratio for abnormal
systolic function, 36.9; 95% CI, 6.9 to 198.3; hazard ratio for borderline systolic func-
tion, 3.5; 95% CI, 1.2 to 10.2). Myocardial infarction, drug use, and alcohol use were
not associated with the risk of heart failure.

CONCLUSIONS
Incident heart failure before 50 years of age is substantially more common among
blacks than among whites. Hypertension, obesity, and systolic dysfunction that are
present before a person is 35 years of age are important antecedents that may be
targets for the prevention of heart failure. (ClinicalTrials.gov number, NCT00005130.)
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EART FAILURE IS A MAJOR PUBLIC

health problem in the United States, caus-

ing substantial morbidity and mortality
in the later decades of life. The risk of heart fail-
ure rises sharply with increasing age, with rates
doubling every 10 years among older adults.’2
Less is known about the incidence of heart fail-
ure in persons younger than 50 years of age; one
estimate suggests that the 5-year risk of heart
failure among 40-year-old white persons is only
0.1 to 0.2%.3

In the United States, blacks have a higher
prevalence of heart failure than persons of other
races, and they present with symptoms of heart
failure at younger ages.**> The reason for the
greater propensity for heart failure among blacks
is not fully understood; a higher burden of risk
factors such as hypertension, a genetic predispo-
sition to cardiomyopathy, and exposures to tox-
ins, including drugs and alcohol, have all been
postulated to play a role.*°
In this report, we describe the incidence of

heart failure and its antecedents among partici-
pants in the Coronary Artery Risk Development in
Young Adults (CARDIA) study. The CARDIA co-
hort is a well-characterized cohort of white and
black men and women, who were 18 to 30 years
of age at the time of enrollment and who have
been followed for 20 years, with periodic risk-
factor assessments, including echocardiography,
and with adjudicated cardiovascular outcomes.

METHODS

STUDY COHORT
The CARDIA study is a multicenter study designed
to investigate the development of coronary dis-
ease in young adults. The CARDIA study began
in 1985-1986 with the enrollment of 5115 blacks
and whites of both sexes who were 18 to 30 years
of age and were recruited in Birmingham, Ala-
bama; Chicago; Minneapolis; and Oakland, Cali-
fornia. The institutional review board at each of
the study sites approved the study protocols, and
written informed consent was obtained from all
participants. The cohort is balanced with respect
to race (52% of the participants are black), sex
(55% are women), and educational level (40% have
<12 years of education).” Baseline measurements
were repeated, and additional measurements per-
formed, atyears 2, 5, 7, 10, 15, and 20. The CARDIA
study has had a high retention rate, with 87.5% of

the original cohort completing the annual tele-
phone interview for outcome ascertainment at year
20 and 71.8% completing the in-person exami-
nation at year 20.

INCIDENT HEART FAILURE
During their scheduled study examinations and
yearly telephone interviews, participants were asked
about overnight hospitalizations, and records were
requested in cases of suspected cardiovascular
events. Deaths were reported to the field centers
every 6 months, and records were requested after
consent had been obtained from the next of kin.
Two members of the end-points committee re-
viewed each record to determine the primary
cause of hospitalization or death; disagreements
were resolved by consensus. Hospitalization for
heart failure was a prespecified study end point
and required both that a final diagnosis of heart
failure had been made by a physician and that
medical treatment for heart failure had been ad-
ministered during the hospitalization (adminis-
tration of a diuretic and of either digitalis or an
afterload-reducing agent, such as nitroglycerin,
hydralazine, an angiotensin-converting—enzyme
[ACE] inhibitor, or an angiotensin-receptor block-
er). Heart failure was not a prespecified category
for the primary cause of death; a death was con-
sidered to be due to heart failure if the adjudi-
cated cause was cardiovascular and if an Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
code for heart failure (428) or cardiomyopathy (425)
was noted as a contributory cause. We also re-
viewed hospital and death records for coexisting
conditions at the time of the participant’s pre-
sentation with heart failure; these data were not
used in the analyses but are described below.

CLINICAL ANTECEDENTS MEASURED AT EACH
EXAMINATION

Race was reported by the study participants. We
used the average of the second and third of three
blood-pressure measurements (performed at 1-min-
ute intervals after the participant had been sitting
quietly for 5 minutes) and considered hypertension
to be present when the systolic blood pressure
was 140 mm Hg or higher, the diastolic blood pres-
sure was 90 mm Hg or higher, or the person was
taking antihypertensive medications. Weight, in
kilograms, was measured with the use of a stan-
dard balance-beam scale, with the participant
wearing light clothing, and the body-mass index
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was calculated as the weight in kilograms divid-
ed by the square of the height in meters. Diabetes
was considered to be present if the person had a
fasting blood glucose level of 126 mg per deciliter
(7 mmol per liter) or more or was taking medica-
tion for diabetes. Total cholesterol and high-den-
sity lipoprotein (HDL) cholesterol were measured,
and low-density lipoprotein cholesterol was cal-
culated with the use of the Friedewald equation.®
The creatinine level was measured at years 0, 10,
15, and 20; the glomerular filtration rate (GFR)
was estimated with the use of the Modification
of Diet in Renal Disease equation,® and chronic
kidney disease was considered to be present when
the GFR was less than 60 ml per minute. Educa-
tional level, family history of premature coronary
disease, and the use of tobacco, alcohol, and il-
licit drugs were determined by self-report at each
examination. Consumption of more than 14 drinks
per week in the case of men or more than 7 in the
case of women was considered to be alcohol use
above a safe level2?; illicit-drug use was defined
as the use of cocaine, amphetamines, or heroin
at any time in the participant’s life.

ECHOCARDIOGRAPHIC ANTECEDENTS
As part of the examination in year 5, CARDIA
participants underwent two-dimensional, guided
M-mode echocardiography and Doppler study of
transmitral flow velocities performed on an Acu-
son cardiac ultrasound machine (Siemens).** All
studies were recorded and read at a reading cen-
ter at the University of California, Irvine. Systolic
function was assessed as a continuous measure
of ejection fraction (expressed as a percentage) in
1893 participants and as a qualitative ejection-
fraction rating in the rest of the participants; we
categorized systolic function as abnormal (ejection
fraction of <40%, or qualitative rating of abnor-
mal), borderline (ejection fraction of 40 to 60%,
or qualitative rating of borderline), or normal. Left
ventricular mass (in grams) was derived from the
formula of Devereux et al.,»? and the left-ventric-
ular-mass index was calculated as grams per me-
ter27.13 Left ventricular hypertrophy was consid-
ered to be present if the left-ventricular-mass
index was 51 g per meter>’ or more, a cutoff
point that has previously been validated for both
blacks and whites.'* Among the 4351 partici-
pants who were available for the echocardio-
graphic examination, variables for either ejection
fraction or left ventricular hypertrophy were miss-

ing for 121, leaving data from 4230 participants
for this analysis.

STATISTICAL ANALYSIS
Using t-tests, chi-square tests, and Fisher’s exact
tests, as appropriate, we compared baseline risk
factors in participants in whom heart failure de-
veloped with those in participants in whom heart
failure did not develop. We used Cox proportional-
hazards models to analyze associations between
candidate risk factors and heart failure among
blacks in unadjusted analyses. We developed two
multivariate models, the first including baseline
predictors only and the second including time-
varying covariates, with predictor values updated
at the time of each study visit. Because of the small
number of outcomes, we used the forward-selec-
tion method to choose predictors for the adjusted
analyses, retaining potential risk factors if they re-
mained associated with heart failure at a P value
of less than 0.05, and we reported hazard ratios
per 1 SD for continuous variables. Finally, we ex-
plored the association of systolic dysfunction and
left ventricular hypertrophy, as assessed on the
echocardiogram obtained in year 5, with the risk
of subsequent heart failure in bivariate and multi-
variate analyses.

RESULTS

During 20 years of follow-up of the 5115 study
participants, incident heart failure occurred in 27
men and women and was more common than
myocardial infarction (which occurred in 16 par-
ticipants). With the exception of one white wom-
an, all of the participants in whom heart failure
developed were black (P=0.001) (Fig. 1). The cu-
mulative incidence of heart failure in black wom-
en was 1.1% (95% confidence interval [CI], 0.6 to
1.7) and the cumulative incidence in black men
was 0.9% (95% CI, 0.5 to 1.4), with a mean (£SD)
age at onset of 39%06 years. The cumulative inci-
dence of heart failure among white women was
0.08% (95% CI, 0 to 0.5), and the cumulative in-
cidence among white men was 0% (95% CI, 0 to
0.4). Heart failure resulted in death in the case of
three black men (accounting for 4.5% of all
deaths among black men) and two black women
(7.7% of all deaths among black women).

The baseline characteristics (assessed when
participants were 18 to 30 years of age) differed
between blacks in whom heart failure subsequently
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Figure 1. Incident Heart Failure among the White and Black Men

and Women in the CARDIA Study.

Kaplan—Meier curves are shown for incident heart failure over the course
of 20 years of follow-up in the CARDIA study. P=0.001 for the comparison
between black participants and white participants.
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developed and white and black participants in
whom heart failure did not develop (Table 1). As
compared with all those in whom heart failure
did not develop, blacks in whom heart failure sub-
sequently developed had higher baseline systolic
and diastolic blood pressures and were more likely
to have hypertension. They were also more likely
to be obese, to have diabetes, or to have chronic
kidney disease. Alcohol and drug use did not dif-
fer significantly between blacks in whom heart
failure subsequently developed and participants
in whom it did not. Blacks in whom heart failure
subsequently developed were more likely to have
borderline or abnormal systolic function or left
ventricular hypertrophy.

Because heart failure occurred almost exclu-
sively in blacks, we restricted the Cox regression
analyses to data from black participants. In bi-
variate models of baseline predictors (Table 2),
higher blood pressure, higher body-mass index,
fewer years of education, lower HDL cholesterol,
the presence of chronic kidney disease, and the
presence of diabetes were all associated with the
subsequent development of heart failure. In mul-
tivariate models, higher diastolic blood pressure,
higher body-mass index, lower HDL cholesterol,
and the presence of chronic kidney disease were
each independently associated with the risk of

N ENGL J MED 360;12

heart failure. Each standard-deviation increase
(10.0 mm Hg) in diastolic blood pressure among
blacks at 18 to 30 years of age doubled the risk
that heart failure would occur, on average, 15 years
later.

During the first 10 years of the CARDIA study,
clinical hypertension was more common among
black participants in whom heart failure subse-
quently developed than among blacks in whom
it did not (Fig. 2). By year 10, when participants
were 28 to 40 years of age, 75% of those in whom
heart failure subsequently developed had hyper-
tension, as compared with 12% of those in whom
heart failure did not develop (P<0.001). Most par-
ticipants with hypertension were not being treat-
ed for the condition or were being treated but had
poorly controlled blood pressure. At baseline, 75%
of all black participants with hypertension (66 of
88) were not taking medication, and another 9%
(8 of 88) had poorly controlled blood pressure
even though they reported taking antihypertensive
medications; all of the black participants with hy-
pertension in whom heart failure subsequently
developed had untreated or poorly controlled hy-
pertension. By year 10, 57% of black participants
with hypertension (137 of 239) were not taking
antihypertensive medications, and 19% (45 of 239)
had poorly controlled blood pressure; among those
in whom heart failure subsequently developed,
87% had untreated or poorly controlled hyper-
tension.

To examine antecedents more proximal to the
onset of heart failure, we used data from each
examination and time-varying covariates. Over
the entire course of 20 years, the following vari-
ables were associated with heart failure in bi-
variate models: higher diastolic blood pressure
(hazard ratio per 10.0 mm Hg, 1.8; 95% CI, 1.5 to
2.2; P<0.001), higher systolic blood pressure (haz-
ard ratio per 10.9 mm Hg, 1.7; 95% CI, 1.4 to 2.0;
P<0.001), higher body-mass index (hazard ratio
per 5.7 units, 1.7; 95% CI, 1.3 to 2.1; P<0.001),
presence of diabetes (hazard ratio, 5.5; 95% CI,
2.4 to 13; P<0.001), and presence of chronic kid-
ney disease (hazard ratio, 7.7; 95% CI, 1.8 to 31.0;
P=0.006). Neither alcohol use nor drug use was
associated with the development of heart failure
(hazard ratio for alcohol use, 1.0; 95% CI, 0.4 to
2.5; P=0.97; hazard ratio for drug use, 1.1; 95% CI,
0.5 to 2.4; P=0.82). In multivariate models, higher
systolic blood pressure and the presence of dia-
betes each remained independently associated with
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Table 1. Characteristics of Study Participants, According to Subsequent Development of Heart Failure.*

Characteristic White Participantsy Black Participants P Value:
Blacks with Blacks with
Subsequent Subsequent
Heart Failure vs. Heart Failure vs.
No Subsequent No Subsequent Subsequent All Participants Blacks without
Heart Failure Heart Failure Heart Failure  without Subsequent Subsequent
(N=2477) (N=2611) (N=26) Heart Failure Heart Failure
Demographic
Age (yr) 25+3 24+4 26+3 0.12 0.06
Male sex (%) 47 44 38 0.56 0.69
Educational level (%) 0.03 0.31
<12yr 6 13 23
12yr 21 38 38.5
>12yr 73 49 385
Clinical

Blood pressure (mm Hg)

Diastolic 68.4+9.2 68.7+9.6 78.7+11.5 <0.001 <0.001

Systolic 109.3+£109 111.4+10.9 120.6+10.8 <0.001 <0.001
Hypertension (%) 2 3 19 <0.001 <0.001
Body-mass index{ 23.6+4.0 25.2+5.6 32.0£9.7 <0.001 0.001
Obesity (%)§ 6 16 34 0.002 0.03
Diabetes (%) 1 2 12 0.008 0.01
Cholesterol (mg/dl)q

HDL 51.8+13.0 54.6+13.3 45.6+11.2 0.004 <0.001

LDL 108.5+30.0 109.5+32.2 113.5+46.7 0.62 0.65
Chronic kidney disease (%)| 6 1 8 0.19 0.01
Family history of premature coronary 14 10 15 0.54 0.31

disease (%)

Current tobacco use (%) 27 34 38 0.40 0.67
Alcohol use above a safe level (%)** 16 9 8 0.76 1.0
Illicit-drug use (%) 52 29 35 0.69 0.52
Previous pregnancy (% of women) 40 63 69 0.21 0.80
Echocardiographic
Ejection fraction 0.63+0.06 0.63+0.15 0.54+0.09 0.02 0.07
Systolic dysfunction (%) <0.001 <0.001

Borderline 9 10 19

Abnormal 0.2 0.3 8
Left-ventricular-mass index (g/m*7) 33.5+8.5 36.5£9.6 47.4+19.6 <0.001 <0.001
Left ventricular hypertrophy (%) 4 7 26 0.003 0.01

*%

Plus—minus values are means +SD. Baseline data are shown for all characteristics except illicit-drug use, which was determined by self-

report at year 2, and echocardiographic findings, which are based on study echocardiograms obtained from 4230 participants at year 5.

HDL denotes high-density lipoprotein, and LDL low-density lipoprotein.

The one white woman with heart failure was excluded from this analysis.

The P values were calculated with use of Fisher’s exact test of proportions (for categorical variables) or Student’s t-test of means (for con-

tinuous variables).

The body-mass index is the weight in kilograms divided by the square of the height in meters. Obesity was defined as a body-mass index

of 30 or higher.

To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.

The higher prevalence of chronic kidney disease in whites as compared with blacks in this age group is a consequence of the use of

Modification of Diet in Renal Disease (MDRD) equation (including its race coefficient) to estimate the glomerular filtration rate. The

MDRD equation has not been validated extensively in young adults, most of whom have normal kidney function.

Consumption of more than 14 drinks per week in the case of men or more than 7 in the case of women was considered to be alcohol use

above a safe level.*

- Borderline was defined as an ejection fraction of 40 to 60% or a qualitative assessment indicating borderline systolic function; abnormal
was defined as an ejection fraction of less than 40% or a qualitative assessment indicating abnormal systolic function.
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Table 2. Hazard Ratios for Subsequent Heart Failure According to Baseline Antecedents among 2637 Black Participants
in the CARDIA Study.*

Risk Factor Bivariate Models Multivariate Modelf
Hazard Ratio Hazard Ratio
(95% Cl) P Value (95% Cl) P Value
Age (per 3.8 yr) 1.5 (1.0-2.3) 0.05
Male sex 0.9 (0.4-2.0) 0.81
Educational level
<12yr 2.6 (1.0-7.2) 0.06
12yr 1.4 (0.6-3.4) 0.42
>12yr — —
Blood pressurei:
Diastolic (per 10.0 mm Hg) 2.5 (1.8-3.5) <0.001 2.1 (1.4-3.1) <0.001
Systolic (per 10.9 mm Hg) 1.9 (1.4-2.6) <0.001
Body-mass index (per 5.7 units)§ 2.0 (1.6-2.5) <0.001 1.4 (1.0-1.9) 0.02
Diabetes 6.7 (2.0-22.3) 0.002
Cholesterolq|
HDL (per 13.3 mg/dl) 0.4 (0.2-0.7) <0.001 0.6 (0.4-1.0) 0.05
LDL (per 32.4 mg/dl) 1.1 (0.7-1.6) 0.70
Chronic kidney disease 13.8 (3.2-58.7) <0.001 19.8 (4.5-87.2) <0.001
Family history of premature coronary disease 1.6 (0.5-4.6) 0.40
Current tobacco use 1.4 (0.6-3.1) 0.41
Alcohol use above a safe level | 0.9 (0.2-3.8) 0.88
Previous pregnancy 1.3 (0.4-3.7) 0.63

* Participants were 18 to 30 years of age at baseline. Hazard ratios for continuous variables are reported per 1 SD. HDL de-
notes high-density lipoprotein, and LDL low-density lipoprotein.

T Variables were selected with the use of a forward selection method and were retained if they were associated with heart
failure at a significance level of less than 0.05.

1 Systolic blood pressure and diastolic blood pressure were collinear. Each was significant in the multivariate models
without the other present. When both were presented for forward selection (as they were in the multivariate models
above), diastolic blood pressure was retained in the final model. Replacing diastolic blood pressure with systolic blood
pressure would have left the hazard ratios for the other covariates unchanged; the adjusted hazard ratio for systolic
blood pressure per 10.9 mm Hg was 1.5 (95% Cl, 1.1 to 2.1; P=0.01).

§ The body-mass index is the weight in kilograms divided by the square of the height in meters.

9§ To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.

| Consumption of more than 14 drinks per week in the case of men or more than 7 in the case of women was considered
to be alcohol use above a safe level.*®

the development of heart failure (hazard ratio per years later (Table 3). After additional adjustment
10.9 mm Hg systolic blood pressure, 1.7; 95% for clinical variables, systolic dysfunction remained
CI, 1.4 to 2.0; P<0.001; hazard ratio for diabetes, strongly associated with the subsequent develop-
4.9; 95% CI, 2.1 to 12; P<0.001), as did higher ment of heart failure, whereas the association of
diastolic blood pressure in models in which dia- left ventricular hypertrophy with subsequent heart
stolic blood pressure was substituted for systolic failure was markedly diminished and was not sig-
blood pressure (hazard ratio per 10 mm Hg, 1.8; nificant.
95% CI, 1.5 to 2.2; P<0.001). Information in clinical records with respect
Systolic dysfunction and left ventricular hy- to coexisting conditions that were present at the
pertrophy as assessed on the study echocardio- time the participant presented with heart failure
gram in year 5 were independently associated with (Table 4) was consistent with study measurements
the development of heart failure an average of 10 of clinical antecedents (Tables 1, 2, and 3). Hyper-
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tension, chronic kidney disease, and diabetes were
commonly noted in the records of hospitaliza-
tions for heart failure among blacks; of 22 black
participants hospitalized for heart failure, 17 were
recorded as having hypertension, 9 as having
chronic kidney disease, and 5 as having diabetes.
Coronary disease was uncommon; none of the
hospital or death records noted concurrent or pre-
vious myocardial infarction, and most of the
cardiac-catheterization reports and autopsy records
(eight of nine) noted mild or absent coronary dis-
ease. Although alcohol use above a safe level was
noted in 3 of 10 cases of heart failure in men and
cocaine use in 1 of the 10, none of the 16 records
that documented the presence of heart failure in
black women commented on these factors. We had
information on systolic function from the hospi-
tal records of 17 participants; an ejection fraction
of less than 50% was recorded for 14 of these
participants. Evidence of dilated cardiomyopathy
was noted on the autopsy records of 4 of the par-
ticipants who died (an autopsy was not performed
on the fifth participant who died).

DISCUSSION

In this large cohort of white and black young
adults, incident heart failure was substantially more
common among blacks. Heart failure developed
before the age of 50 years in 1 of 100 black men
and black women in the CARDIA study, a rate
that was 20 times the incidence in whites. Heart
failure occurred in blacks when they were 39 years
of age, on average, and was predicted by the pres-
ence of hypertension, obesity, chronic kidney dis-
ease, and depressed systolic function 10 to 15 years
earlier. These findings have important implica-
tions for efforts aimed at preventing heart failure
in this high-risk population.

Previous research on the epidemiology of heart
failure has focused on older adults.2>5 Several
recent studies showed that the incidence of heart
failure was up to two times as high in blacks as
in whites'®18; the populations in these studies
were largely elderly, with a mean age at the start
of observation that ranged from 55 to 74 years.
The one large cohort that included younger adults
and that had low rates of incident heart failure
before 50 years of age was predominantly white®3;
the low rate of heart failure that we saw in white
participants in the CARDIA study is consistent
with the estimates from this cohort. National data

70+

60

Participants with Hypertension (%)
S
o
1

80+ [l Subsequent heart failure [l No subsequent heart failure

Examination Year

?LLLlL

Development of Heart Failure.

whom heart failure did not develop (P<0.001).

Figure 2. Proportion of Blacks with Hypertension in the First 10 Years
of the CARDIA Study, According to Status with Respect to the Subsequent

By examination year 10, among blacks in whom heart failure subsequently
developed, 75% had hypertension, as compared with 12% of blacks in

have been used to compare the prevalence of heart
failure across various demographic groups over
the entire age spectrum,>* although prevalence
estimates may understate the burden of disease,
given the high rate of death associated with heart
failure (5 of the 26 cases of heart failure among
black participants in the CARDIA study resulted
in death). Our findings are consistent with those
from these previous reports and extend them by
making the additional observation of substantial
rates of incident heart failure among black men
and women early in adulthood.

We identified potentially modifiable anteced-
ents of heart failure in blacks that were present
more than a decade before the onset of clinical
heart failure. Each increase of 10 mm Hg in dia-
stolic blood pressure among blacks who were in
their 20s doubled the likelihood that heart fail-
ure would develop when they were in their 40s,
and three quarters of those in whom heart failure
developed had hypertension early in adulthood.
Obesity also contributes to the risk of heart fail-
ure, either directly' or through the associated rise
in blood pressure and the development of type 2
diabetes. This latter observation is consistent with
our finding that an increased body-mass index was
an early independent risk factor for heart failure,
with diabetes confounding or, more likely, me-
diating this association when findings from the
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Table 3. Hazard Ratios for the Subsequent Development of Heart Failure in Blacks According to Echocardiographic Measures at Year 5.*

Systolic function§
Abnormal

Borderline

Echocardiographic Measure

Left ventricular hypertrophy

Multivariate Model Adjusted for the
Other Echocardiographic Measurey

Bivariate Model

Hazard Ratio

(95% ClI) P Value (95% CI) P Value (95% CI) P Value
342 (7.6-1542)  <0.001 27.0 (5.7-128.0) <0.001 36.9 (6.9-198.3) <0.001
3.1 (1.1-9.0) 0.04 3.0 (1.1-8.5) 0.04 3.5 (1.2-10.0) 0.02
6.0 (2.2-16.6) <0.001 5.0 (1.7-14.6) 0.003 1.9 (0.4-7.4) 0.33

Hazard Ratio

Multivariate Model Additionally
Adjusted for Clinical Measures::

Hazard Ratio

* At year 5, study participants were 23 to 35 years of age. Hazard ratios for continuous variables are reported per 1 SD.

function.

i Models for systolic function were adjusted for left ventricular hypertrophy; models for left ventricular hypertrophy were adjusted for systolic

i All models were adjusted for diastolic blood pressure, body-mass index, high-density lipoprotein cholesterol, chronic kidney disease, and the
other echocardiographic measure.

§ Abnormal systolic function was defined as an ejection fraction of less than 40% or a qualitative rating of abnormal; borderline systolic func-
tion was defined as an ejection fraction of 40 to 60% or a qualitative rating of borderline.
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entire 20 years of follow-up were considered. Low
HDL cholesterol in young adulthood may play a
role in cardiac remodeling, particularly in patients
with hypertensive disease.2>2* Chronic kidney dis-
ease is a strong predictor of heart failure, and
black men are disproportionately affected by de-
clining kidney function in young adulthood.?? Our
finding that clinical factors increased the risk of
heart failure even many years later is consistent
with observations in older cohorts?3>2° and sug-
gests that these factors may be targets for the
prevention of heart failure in young adults.

We found that blacks in whom heart failure
subsequently developed were more likely than
those in whom it did not develop to have systolic
dysfunction and left ventricular hypertrophy in
young adulthood, 10 years before the onset of
clinical heart failure. These structural and func-
tional cardiac changes may be the consequence of
underlying clinical factors such as hypertension
and obesity and may mediate the association be-
tween these factors and heart failure.?2# Systolic
dysfunction remained a strong risk factor for heart
failure independently of the other clinical risk fac-
tors, including blood pressure. Several studies
have identified polymorphisms that appear to be
linked to heart failure and systolic dysfunction in
blacks, and some studies have shown that the risk
associated with these polymorphisms is greatest
among blacks with hypertension.*5293° Most of
these studies are limited by the small numbers of
black participants and the lack of longitudinal data
to determine how clinical and genetic factors may

N ENGL J MED 360;12

interact in the development of this disease. This
is an important area for further study.

Our results with respect to systolic dysfunc-
tion have implications for the identification of
persons who are at high risk for the development
of heart failure and also have implications for the
prevention of this disease. Current guidelines rec-
ommend initiating treatment for asymptomatic
systolic dysfunction with ACE inhibitors and beta-
blockers before the onset of symptoms of heart
failure.#3133 Although screening for systolic dys-
function in the general population has several
limitations,?* screening high-risk groups (e.g., per-
sons with hypertension) in order to target thera-
pies may be an important tool for the prevention
of heart failure.>>3° Young adults have not been
included in clinical trials of preventive therapies
or screening strategies, and the benefits and risks
of these approaches in a young atrisk popula-
tion are not known. However, the high rate of
borderline or abnormal systolic function that we
observed in both white and black participants
(9% among whites and 13% among blacks), and
its strong association with the subsequent devel-
opment of clinical heart failure before the age of
50 years among blacks, underscore the importance
of this area of investigation.

Our study also highlights the potential for pre-
venting heart failure through interventions that
decrease the prevalence of obesity and high blood
pressure. Obesity was common among black par-
ticipants in the CARDIA study, particularly black
women,3”® and it is possible that preventing obe-
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Table 4. Characteristics of Study Participants Who Died from or Were Hospitalized for Incident Heart Failure.*

Participant
No.

10
11

12
13

14
15
16
17
18

19

20
21
22

23
24
25
26
27

Type of Event

Death
Death

Death
Death

Hospitalization
and death

Hospitalization

Hospitalization
Hospitalization

Hospitalization

Hospitalization

Hospitalization
Hospitalization
Hospitalization

Hospitalization
Hospitalization
Hospitalization
Hospitalization

Hospitalization

Hospitalization

Hospitalization
Hospitalization

Hospitalization

Hospitalization
Hospitalization
Hospitalization
Hospitalization

Hospitalization

Age of
Participant

yr

21-25

21-25

36-40
36-40

31-35

31-35

36-40
41-45
31-35

36-40
41-45

46-50

41-45

46-50
31-35
46-50
41-45
46-50

41-45
36-40
41-45
41-45

46-50
36-40
36-40
41-45
41-45

Ejection
Fraction

%

16

15

15
15
24

25
25

25

30

30
30
39
40
40

48

>50
>50
>50

>50
NR
NR
NR
NR

Coexisting Conditions at Presentation

Dilated cardiomyopathy, left ventricular hypertrophy (weight,
630 g), no coronary heart disease

Dilated cardiomyopathy, left ventricular hypertrophy (530 g),
no coronary heart disease

End-stage renal disease

Mild coronary heart disease, dilated cardiomyopathy, left
ventricular hypertrophy (430 g)

Hypertension, chronic kidney disease, alcohol use, dilated
cardiomyopathy, moderate coronary heart disease, left
ventricular hypertrophy (825 g)

Hypertension, anemia, family history of premature coronary
disease

Hypertension, chronic kidney disease, diabetes
Hypertension

Chronic kidney disease, obstructive sleep apnea, no coronary
heart disease (as assessed by cardiac catheterization)

Atrial fibrillation

Diabetes, no coronary heart disease (as assessed by cardiac
catheterization)

Hypertension, end-stage renal disease, diabetes, mild coro-
nary heart disease (as assessed by cardiac catheterization)

Hypertension, chronic kidney disease, atrial fibrillation,
alcohol use

Hypertension, obstructive sleep apnea, anemia

Recent pregnancy, family history of premature coronary disease
Hypertension, chronic kidney disease, alcoholism
Hypertension

Hypertension, family history of premature coronary disease,
newly diagnosed diabetes, no coronary heart disease
(as assessed by cardiac catheterization)

Hypertension, atrial fibrillation

Hypertension
Hypertension, chronic kidney disease, cocaine use

Mitral stenosis (as assessed by echocardiography), no coro-
nary heart disease (as assessed by cardiac catheterization)

Hypertension, diabetes

Hypertension, end-stage renal disease, diabetes
End-stage renal disease, sickle cell disease
Hypertension, peripartum

Hypertension, obstructive sleep apnea

* Data were obtained from death records for patients who died and from hospital records for those who were hospital-

ized. To protect the privacy of study participants and their families, age is presented in 5-year ranges, and race and sex
have been omitted. NR denotes not recorded.

7 All cardiac conditions in participants who died were identified at autopsy.
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sity in this population may reduce the subsequent
incidence of heart failure. Recent national data
suggest that young adults with hypertension are
much less likely than their middle-aged counter-
parts to be aware of this diagnosis or to be receiv-
ing treatment.?**° The reasons for low rates of
treatment for hypertension among young adults
may include barriers in access to medical care.#-42
It has been suggested that blood-pressure control
may be more difficult to achieve among black pa-
tients, although a consensus statement on treating
hypertension in blacks concluded that the failure
of health professionals to initiate therapy early in
accordance with established guidelines was the
major obstacle to achieving effective blood-pres-
sure control.*** When they receive treatment ac-
cording to the guidelines, blacks and whites ap-
pear to have similar rates of control.*>

Physicians may be reluctant to treat younger
patients with hypertension because of the per-
ceived large number needed to treat to prevent
cardiovascular outcomes that are still rare and of-
ten far in the future. In the course of 20 years of
follow-up in the CARDIA study, the cumulative
incidence of heart failure among blacks who had
hypertension at baseline (when their average age
was 24 years) was 5.6%, as compared with 0.8%
among those who did not have hypertension at
baseline. Most of the persons with hypertension
at baseline were not receiving antihypertensive
treatment. A trial of antihypertensive therapy in
older participants, including blacks, showed that
diuretic therapy, in particular, was associated with
considerable reductions in the risk of heart fail-
ure.*® Thus, although treatment for hypertension
and reduction of the risk of heart failure have not
been studied in this age group, our data suggest
that the number of young, black patients with hy-
pertension that would need to be treated to pre-
vent one case of heart failure before 50 years of
age could be as low as 21.

Because we observed only a single heart-failure
event among white participants, we are limited
in our ability to assess whether racial differences
in risk factors account for the racial differences in
the incidence of heart failure. The fact that blacks
and whites in the CARDIA study actually had
similar mean levels of blood pressure and ejection
fraction in young adulthood (Table 1) is worthy of
comment. More black participants were obese at

baseline, and hypertension developed more of-
ten in blacks than in whites when the participants
were in their 20s and 30s,3” but whether these
observations explain the substantially higher
rates of heart failure in blacks than in whites war-
rants further investigation. The small number of
outcomes in our study limits the precision of our
descriptive observations, as well as our ability
to explore a broader range of clinical antecedents
and mediators. Because we defined incident
heart failure on the basis of hospitalization for
or death from heart failure, heart failure that
was identified in the outpatient setting was
missed in these analyses. Another limitation of
the study was that the retention rate for outcome
ascertainment was 87.5% by year 20; since black
men are the demographic group most likely to
be lost to follow-up, we may have underestimated
the incidence of heart failure, particularly in this
group.

Despite these limitations, the clear strength of
this study is the large, well-characterized cohort
of white and black young adults for whom we had
rich longitudinal clinical and echocardiographic
data and adjudicated heart-failure outcomes. Heart
failure occurs at a disproportionately high rate
among young and middle-aged blacks as com-
pared with whites, and it is not a rare condition.
Elevated blood pressure, obesity, chronic kidney
disease, and systolic dysfunction early in adult-
hood are important antecedents that could become
targets for screening and interventions aimed at
the prevention of heart failure. Studies are needed
to examine the benefits and risks of these early
approaches to preventing this serious disease in
black young adults.
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