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ABSTRACT

Background Extreme obesity is recognized to be a
risk factor for heart failure. It is unclear whether over-
weight and lesser degrees of obesity also pose a risk.

Methods We investigated the relation between the
body-mass index (the weight in kilograms divided by
the square of the height in meters) and the incidence
of heart failure among 5881 participants in the Fra-
mingham Heart Study (mean age, 55 years; 54 per-
cent women). With the use of Cox proportional-haz-
ards models, the body-mass index was evaluated both
as a continuous variable and as a categorical variable
(normal, 18.5 to 24.9; overweight, 25.0 to 29.9; and
obese, 30.0 or more).

Results During follow-up (mean, 14 years), heart
failure developed in 496 subjects (258 women and
238 men). After adjustment for established risk fac-
tors, there was an increase in the risk of heart failure
of 5 percent for men and 7 percent for women for each
increment of 1 in body-mass index. As compared with
subjects with a normal body-mass index, obese sub-
jects had a doubling of the risk of heart failure. For
women, the hazard ratio was 2.12 (95 percent confi-
dence interval, 1.51 to 2.97); for men, the hazard ratio
was 1.90 (95 percent confidence interval, 1.30 to 2.79).
A graded increase in the risk of heart failure was ob-
served across categories of body-mass index. The haz-
ard ratios per increase in category were 1.46 in women
(95 percent confidence interval, 1.23 to 1.72) and 1.37
in men (95 percent confidence interval, 1.13 to 1.67).

Conclusions In our large, community-based sam-
ple, increased body-mass index was associated with
an increased risk of heart failure. Given the high prev-
alence of obesity in the United States, strategies to
promote optimal body weight may reduce the popu-
lation burden of heart failure. (N Engl J Med 2002;
347:305-13.)
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N Engl J Med, Vol. 347, No. 5 - August 1, 2002 -

EART failure is a major health problem

that is increasing in scope.! Despite recent

therapeutic advances, morbidity and mor-

tality after the onset of heart failure re-
main substantial.! Consequently, prevention of heart
failure through identification and management of risk
factors and preclinical phases of the disease is a pri-
ority.2 In this context, several studies have evaluated
body-mass index (the weight in kilograms divided by
the square of the height in meters) as a risk factor for
left ventricular remodeling and overt heart failure. In
these investigations, obesity has been consistently as-
sociated with left ventricular hypertrophy and dilata-
tion,?¢ which are known precursors of heart failure.”8
Whereas extreme obesity has been associated with
heart failure,® data are limited regarding the influence
of overweight and lesser degrees of obesity on the risk
of heart failure.1912 Accordingly, we investigated the
relation of body-mass index with the risk of heart fail-
ure in a community-based sample.

METHODS

Participants

The design and selection criteria of the Framingham Heart Study
have been described previously.!3:1# Participants in the 15th biennial
examination of the original cohort (1976 through 1979, 2632 sub-
jects) and the second oftspring study examination (1979 through
1983, 3863 subjects) were eligible for the present investigation. We
excluded 614 attendees (9.5 percent) for the following reasons: age
under 30 years (271 subjects), underweight (body-mass index less
than 18.5 [85 subjects]),!516 heart failure at base-line examination
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(84 subjects), missing information on covariates (172 subjects), and
lack of follow-up data (2 subjects). After these exclusions, 5881 sub-
jects (3177 women and 2704 men) remained eligible. Written in-
formed consent was obtained from the study participants, and the
research protocol was reviewed and approved by the institutional
review board of the Boston University School of Medicine.

Estimation of Adiposity and Covariates

At each examination, a medical history was taken, a physical ex-
amination (including anthropometric measurements and measure-
ment of blood pressure) was performed, a 12-lead electrocardiogram
was obtained, and risk factors for cardiovascular disease were as-
sessed. Height and weight were measured according to a standard-
ized protocol. The body-mass index was calculated and was used as
an estimate of overweight and obesity.!¢ The criteria and methods
of measurement of all covariates have been described previously.'”

Outcome

Surveillance for the development of cardiovascular events was
continuous for all participants. A panel of three experienced phy-
sicians reviewed suspected cardiovascular events by examining hos-
pital records and information from outside physicians.!” In this in-
vestigation, the primary outcome of interest was the occurrence
of a first episode of heart failure, as defined by the Framingham
Heart Study criteria.!® The simultaneous presence of at least two
major criteria or one major criterion in conjunction with two mi-
nor criteria was required to establish a diagnosis of heart failure.
Major criteria included paroxysmal nocturnal dyspnea or orthop-
nea, jugular venous distention, pulmonary rales, radiographic car-
diomegaly, acute pulmonary edema, a third heart sound, central
venous pressure above 16 cm of water, hepatojugular reflux, and
weight loss of at least 4.5 kg in five days in response to treatment
for heart failure. Minor criteria included bilateral ankle edema, noc-
turnal cough, dyspnea on ordinary exertion, hepatomegaly, pleural
effusion, and a heart rate of at least 120 beats per minute. Minor
criteria were acceptable only if they could not be attributed to an-
other medical condition (such as chronic lung disease, cirrhosis, as-
cites, or the nephrotic syndrome).

Statistical Analysis

We used Cox proportional-hazards regression models,! stratified
according to cohort (original or oftspring), to examine the relation
of body-mass index to the incidence of heart failure. We performed
both sex-specific and sex-stratified analyses. Body-mass index was
evaluated as both a continuous variable (with increases in risk cal-
culated per increment of 1) and a categorical variable. Subjects with
values of 18.5 to 24.9 were classified as normal (the reference
group), those with values of 25.0 to 29.9 as overweight, and those
with values of 30.0 or more as obese.!516 We adjusted for the fol-
lowing base-line covariates: age, smoking status, alcohol consump-
tion, total serum cholesterol level, and presence or absence of valve
disease, hypertension, diabetes mellitus, electrocardiographic left
ventricular hypertrophy, and myocardial infarction (all defined at
base line). We constructed trend models to determine whether there
was a continuous gradient of heart-failure risk across categories
of body-mass index. To evaluate the risk of heart failure associated
with varying degrees of obesity, we performed analyses that cate-
gorized the obese group into three classes with body-mass indexes
of 30.0 to 34.9 (group 1), 35.0 to 39.9 (group 2), and 40.0 or
more (group 3).1516 We also evaluated models with body-mass in-
dex and all covariates treated as time-dependent variables (updated
every four years, including adjustment for the occurrence of in-
terim myocardial infarction).

Elevated body-mass index could predispose persons to heart fail-
ure by promoting atherogenic traits such as hypertension, diabetes
mellitus, and dyslipidemia, which, in turn, could result in myocar-
dial infarction. Therefore, we constructed hierarchical statistical

models using covariates defined at base line, with adjustment for
potential confounders (age, cigarette smoking, alcohol consump-
tion, and valve disease) and for all these variables plus covariates
that are known to be along the causal pathway from excess weight
to heart failure (e.g., hypertension, electrocardiographic left ventric-
ular hypertrophy, diabetes mellitus, high total serum cholesterol
level, and myocardial infarction). We also evaluated stepwise mod-
els with body-mass index, systolic blood pressure, alcohol intake,
and total serum cholesterol as continuous measures (other covar-
iates were dichotomous).

We examined models incorporating interaction terms to evaluate
variation in the effect of body-mass index on the risk of heart fail-
ure according to age, sex, smoking status, alcohol consumption,
and the presence or absence of valve disease, hypertension, diabetes
mellitus, and myocardial infarction (all defined at base line).

We estimated the category-specific population attributable risk
(PAR), expressed as a percentage, as a function of the proportion
of cases occurring in a given category of body-mass index (pd) and
the multivariable-adjusted relative risk (RR, equivalent to hazard ra-
tios from models with covariates defined at base line) with the fol-
lowing equation:2°

RR—1
PAR =pd ( BR=1) x100.
P ( RR )

To obtain insight into the type of heart failure (systolic vs. di-
astolic) associated with increasing body-mass index, we reviewed
echocardiographic reports for a subgroup of participants who un-
derwent evaluation of left ventricular systolic function within 30
days after their first hospitalization for heart failure between 1989
and 1998. Heart failure was presumed to be due to systolic dys-
function (systolic heart failure) if the estimated left ventricular ejec-
tion fraction was less than 50 percent, whereas a left ventricular
¢jection fraction of 50 percent or more was considered to be con-
sistent with diastolic heart failure.2! The proportion of patients with
heart failure who had a left ventricular ejection fraction under 40
percent, indicating moderate or severe left ventricular systolic dys-
function, was also examined.

Although underweight subjects were excluded from the primary
analyses, we performed supplementary analyses comparing the risk
of heart failure in these subjects with that in subjects with a normal
body-mass index.

A two-sided P value of less than 0.05 was considered to indicate
statistical significance. All analyses were performed with SAS soft-
ware (version 6.12).22

RESULTS
Clinical Characteristics

A third of the women and half the men in our sam-
ple were overweight. The prevalence of obesity was
similar in the two sexes (about 16 percent). The prev-
alence of hypertension and diabetes mellitus increased
with increasing body-mass index (Table 1).

Body-Mass Index and the Risk of Heart Failure

During a mean follow-up of 14 years (maximum,
21.8), heart failure developed in 496 participants (258
women and 238 men). The crude cumulative inci-
dence (Fig. 1) and the age-adjusted incidence rates
(Table 2) of heart failure increased across categories
of body-mass index for both men and women.

After adjustment for known risk factors, there was
an increase in the risk of heart failure of 5 percent for
men and 7 percent for women for each increment of
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TABLE 1. BASE-LINE CHARACTERISTICS ACCORDING TO THE CATEGORY OF BODY-MASS INDEX.*

Men
OBESE NORMAL  OVERWEIGHT OBESE
(N=493) (N=869) (N=1378) (N=457)
59+13 54+14 55+13 53+12
34.1+4.0 232*+14 27.2*14 32.7%2.6
225 359 26.9 28.7
39.0 47 4 49.1 47.5
12.0 30.0 29.5 30.4
136*18 128+18 131%17 135*16
80+9 77*10 809 84+9
57.0 30.3 39.6 53.0
17.7 10.2 14.2 15.5
227+44 205+37 214+38 214+35
0.4 1.2 0.8 2.2
6.5 4.7 3.8 3.5
1.2 4.7 4.1 5.5

CHARACTERISTICT WoMEN
NORMAL  OVERWEIGHT
(N=1729)  (N=955)

Age (yr) 53x15 6013
Body-mass index 223x17 27.1%14
Current cigarette smoking (%) 335 26.8
Alcohol consumption (%)

Mild to moderate 425 40.0

Heavy 25.6 18.2
Blood pressure (mm Hg)

Systolic 123x19 131£20

Diastolic 74+9 769
Hypertension (%) 26.2 45.0
Diabetes mellitus (%) 7.7 14.4
Total cholesterol (mg/dl) 212+42 231+45
Electrocardiographic evidence of left 0.9 0.8

ventricular hypertrophy (%)

Valve disease (%) 4.2 6.0
Myocardial infarction (%) 0.9 0.5

*The body-mass index was 18.5 to 24.9 in normal subjects, 25.0 to 29.9 in overweight subjects, and 30.0 or more in
obese subjects. Values for continuous variables are given as means *=SD.

tHypertension was defined by a systolic blood pressure of at least 140 mm Hg, a diastolic blood pressure of at least
90 mm Hg, or pharmacologic treatment of previously elevated blood pressure. Diabetes mellitus was defined by a fasting
plasma glucose level of at least 7.0 mmol per liter (126 mg per deciliter), a random nonfasting level of at least 11.11 mmol
per liter (200 mg per deciliter), or the use of insulin or oral hypoglycemic agents. Mild-to-moderate alcohol consumption
was defined as up to one drink per day in women and up to two drinks per day in men; heavy consumption was defined
as more than one drink per day in women and more than two drinks per day in men. To convert values for cholesterol

to millimoles per liter, multiply by 0.02586.

1 in body-mass index (Table 3, model IA). As com-
pared with women who have a normal body-mass in-
dex, overweight women had a 50 percent greater risk
of heart failure, and obese women had a doubling of
the risk of heart failure (Table 3, model IB). Whereas
overweight men had a nonsignificant 20 percent in-
crease in heart-failure risk over men with a normal
body-mass index, obese men had a statistically signif-
icant 90 percent increase in the risk of heart failure.
In sex-stratified analyses, an increased risk of heart
failure was evident for both overweight subjects (a 34
percent increase) and obese subjects (a 104 percent
increase) and there was a 43 percent greater risk of
heart failure per category increase in body-mass index.
Among obese subjects, the risk of heart failure in-
creased in a graded fashion with increasing severity of
obesity (Fig. 2). Men with class 3 obesity were ex-
cluded from this analysis because of the small sample
(eight subjects). The association of body-mass index
with the risk of heart failure remained robust in mod-
els incorporating body-mass index and other risk fac-
tors as time-dependent variables (Table 3, models ITA
and IIB).

In models adjusted only for age, smoking status,

N Engl J Med, Vol. 347, No. 5 - August 1, 2002 -

alcohol consumption, and valve disease, the hazard
ratios for heart failure per increase of 1 in the body-
mass index were 1.08 (95 percent confidence interval,
1.06 to 1.11) in women and 1.07 (95 percent confi-
dence interval, 1.04 to 1.11) in men. In these models,
in comparison with subjects with a normal body-mass
index, the hazard ratios for heart failure were 1.53 (95
percent confidence interval, 1.15 to 2.04) for over-
weight women, 2.24 (95 percent confidence interval,
1.62 to 3.11) for obese women, 1.35 (95 percent con-
fidence interval, 0.99 to 1.85) for overweight men,
and 2.34 (95 percent confidence interval, 1.60 to 3.41)
for obese men. Additional adjustment for hyperten-
sion, diabetes mellitus, high total serum cholesterol
level, electrocardiographic left ventricular hypertrophy,
and myocardial infarction (variables along the causal
pathway) led to a slight attenuation of the hazard ra-
tios in men but not in women (Table 3, models TA
and IB). In models with stepwise selection of covar-
iates (at an alpha level of <0.05), age, myocardial in-
farction, valve disease, and systolic blood pressure en-
tered ahead of body-mass index. The hazard ratio for
heart failure associated with body-mass index was
nearly identical to that shown in model IA in Table 3.
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Figure 1. Cumulative Incidence of Heart Failure According to Category of Body-Mass Index at the Base-Line Examination.

The body-mass index was 18.5 to 24.9 in normal subjects, 25.0 to 29.9 in overweight subjects, and 30.0 or more in obese
subjects.
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TABLE 2. CUMULATIVE INCIDENCE OF HEART FAILURE AMONG STUDY PARTICIPANTS
ACCORDING TO THE CATEGORY OF BODY-MASS INDEX AT BASE LINE.

Bopy-Mass INDEX WoOMEN Men
NO. OF EVENTS/ AGE-ADJUSTED NO. OF EVENTS/ AGE-ADJUSTED
NO. OF PERSON-YR 10-YR CUMULATIVE  NO. OF PERSON-YR 10-YR CUMULATIVE
OF FOLLOW-UP INCIDENCE OF FOLLOW-UP INCIDENCE
% (95% CI)* % (95% CI)*
Normal (18.5-24.9) 82,/26,005 34 (24-43) 58/11,744 4.9 (3.3-6.5)
Overweight (25.0-29.9) 108/14,232 3.7 (2.6-4.8) 125/19,358 6.1 (4.6-7.5)
Obese (=30.0) 68,/7004 6.8 (4.7-8.9) 55/6219 10.0 (6.2-13.8)

*The values have been adjusted by direct standardization to the overall age distribution of the par-
ticipants in the study sample in five age groups: under 40 years, 40 to 49 years, 50 to 59 years, 60
to 69 years, and 70 years or more. CI denotes confidence interval.

TABLE 3. RESULTS OF MULTIVARIABLE COX PROPORTIONAL-HAZARDS MODELS EXAMINING THE RELATION OF BODY-MASS INDEX
TO THE RISK OF HEART FAILURE.*

MopEL AND CATEGORY OF BoDY-MaAss INDEX SEX-SPECIFIC ANALYSES SEX-STRATIFIED ANALYSES
WOMEN (N=3177) MEN (N=2704) TOTAL (N=5881)
hazard ratio (95% Cl) P value hazard ratio (95% Cl) P value hazard ratio (95% Cl) P value

I. Models with body-mass index and all covariates
defined at base linet
A. Body-mass index as a continuous variable 1.07 (1.04-1.10) <0.001 1.05 (1.02-1.09) 0.005 1.06 (1.04-1.09) <0.001
(per increment of 1)
B. Body-mass index as a categorical variable

Normal (18.5-24.9) 1.00 1.00 1.00

Overweight (25.0-29.9) 1.50 (1.12-2.02) 0.007 1.20 (0.87-1.64)  0.27 1.34 (1.08-1.67) 0.007
Obese (=30.0) 2.12 (1.51-2.97) <0.001 1.90 (1.30-2.79)  0.001 2.04 (1.59-2.63) <0.001
Trend across categories 1.46 (1.23-1.72) <0.001 1.37 (1.13-1.67) 0.002 143 (1.26-1.62) <0.001

II. Models with body-mass index and all covariates
defined as time-dependent variablest
A. Body-mass index as a continuous variable 1.07 (1.04-1.10) <0.001 1.04 (1.00-1.07) 0.03 1.06 (1.04-1.08) <0.001
(per increment of 1)
B. Body-mass index as a categorical variable

Normal (18.5-24.9) 1.00 1.00 1.00

Overweight (25.0-29.9) 1.68 (1.25-2.27) <0.001 1.17 (0.86-1.61)  0.32 1.39 (1.12-1.72) 0.003
Obese (=30.0) 2.17 (1.54-3.05) <0.001 1.80 (1.22-2.64) 0.003 1.98 (1.54-2.56) <0.001
Trend across categories 1.48 (1.25-1.75) <0.001 1.33 (1.09-1.63) 0.005 1.41 (1.24-1.60) <0.001

*The normal body-mass index category was the reference category. CI denotes confidence interval.

tModels were stratified according to cohort status and adjusted for age, alcohol consumption (none; up to one drink per day in women and up to two
drinks per day in men; and more than one drink per day in women and more than two drinks per day in men), total serum cholesterol level, and presence
or absence of current cigarette smoking, valve disease, hypertension, diabetes mellitus, electrocardiographic left ventricular hypertrophy, and myocardial
infarction.

tModels were stratified according to cohort status and adjusted for base-line age and the following time-dependent covariates: alcohol consumption (as
defined above), total serum cholesterol level, and presence or absence of current cigarette smoking, valve discase, hypertension, diabetes mellitus, electro-
cardiographic left ventricular hypertrophy, and myocardial infarction.

Effect Modification hazard ratio for the trend in the risk of heart failure
The effect of body-mass index on the risk of heart | across body-mass index categories was lower in sub-
failure did not vary with age, sex, smoking status, al- | jects with hypertension (1.30; 95 percent confidence

cohol consumption, or the presence or absence of | interval, 1.11 to 1.52) than in subjects without hyper-
valve disease or diabetes mellitus (P>0.10). However, | tension (1.66; 95 percent confidence interval, 1.33 to
we noted effect modification with hypertension (P= 2.07). Increased body-mass index was not associated
0.03) and myocardial-infarction status (P=0.02). The | with an increased risk of heart failure in those with
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P for trend <0.001

12.4

5.6

1_0____'________'_ _______________________

Obesity Class 1
(30-34.9)

40
339
4909

Obesity Class 2
(35-39.9)

21
111
1540

P for trend <0.001

Obesity Class 3
(=40)

43
595

5.9

2.8

od _ Fa2 2L SO

A 100.0 Women
o 10.0
'S
©
o
©
e
o 2.0
& +s
T 1.1
0.1
Overweight
(25-29.9)
No. of events 108
No. at risk 955
Person-yr of follow-up 14,232
B 100.0 Men
o 10.0
=
©
o
2
©
N
©
I
0.9
0.1
Overweight
(25-29.9)
No. of events 125
No. at risk 1378
Person-yr of follow-up 19,358

Obesity Class 1
(30-34.9)

45
391
5315

Obesity Class 2
(35-39.9)

9
58
793

Figure 2. Risk of Heart Failure in Obese Subjects, According to Category of Body-Mass Index at the Base-Line Examination.

I bars represent the 95 percent confidence intervals for the hazard ratios. Hazard ratios were adjusted for age, total serum choles-
terol level, cigarette smoking, alcohol consumption, and presence or absence of valve disease, hypertension, diabetes mellitus, elec-
trocardiographic evidence of left ventricular hypertrophy, and myocardial infarction at base line. Normal weight (body-mass index,
18.5 to 24.9) was the reference category. Hazard ratios on the y axis are shown on a logarithmic scale. Data for men in obesity class
3 are not provided because of the small sample (eight subjects).
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myocardial infarction at base line (148 subjects; haz-
ard ratio for trend across categories, 0.80; 95 percent
confidence interval, 0.50 to 1.30) as compared with
those without myocardial infarction (5733 subjects;
hazard ratio, 1.50; 95 percent confidence interval, 1.31
to 1.71). The statistical power to detect hazard ratios
of 1.5, 2.0, and 2.5 for heart failure (for trend across
body-mass index categories at an alpha level of <0.05)
in subjects with myocardial infarction at base line was
0.38, 0.81, and 0.96, respectively.

Population Attributable Risk

The population attributable risk of heart failure due
to overweight was 14.0 percent in women and 8.8 per-
cent in men. The corresponding population attribut-
able risks due to obesity were 13.9 percent in women
and 10.9 percent in men.

Echocardiographic Evaluation

Of the 120 participants who underwent echocar-
diographic evaluation within 30 days of their first hos-
pitalization for heart failure (24 percent of those with
heart failure), 75 percent (21 of 28) of those with a
normal body-mass index, 65 percent (37 of 57) of
overweight subjects, and 66 percent (23 of 35) of
obese subjects had a left ventricular ejection fraction
of less than 50 percent (indicative of systolic heart fail-
ure). The proportions of subjects with heart failure
who had a left ventricular ejection fraction of less
than 40 percent in the normal, overweight, and obese
groups were 53.6 percent, 52.6 percent, and 42.9 per-
cent, respectively.

Risk of Heart Failure in Underweight Subjects

Only 3 of the 76 underweight subjects (64 women
and 12 men) had heart failure on follow-up. In sex-
stratified models, underweight subjects had a multi-
variable-adjusted hazard ratio of 0.95 (95 percent con-
fidence interval, 0.37 to 2.45) as compared with those
with a normal body-mass index.

DISCUSSION

Elevated body-mass index was associated with an
increased risk of heart failure, without evidence of a
threshold. This increased risk was evident in both
sexes and was not limited to persons with extreme
obesity. Although the hazard ratio for heart failure in
overweight men did not achieve statistical significance,
analyses evaluating body-mass index as a continuous
variable and findings of trend models support the ex-
istence of a continuous gradient of heart-failure risk
with increasing body-mass index in both sexes. The
finding of an increased risk of heart failure associat-
ed with elevated body-mass index remained robust in
analyses incorporating body-mass index and other co-
variates as time-dependent variables. It is important

N Engl ] Med, Vol. 347, No. 5 - August 1, 2002 -

to note that statistical models in which adjustment is
made for all risk factors underestimate the effects of
adiposity on the risk of heart failure.

The smaller effect of body-mass index on the risk
of heart failure in subjects with hypertension proba-
bly indicates a decreased contribution of obesity to the
risk of heart failure in the presence of this major risk
factor. The lack of effect of body-mass index on the
risk of heart failure in subjects with myocardial infarc-
tion, however, must be interpreted with caution be-
cause of the small sample. In a subgroup of subjects
who underwent echocardiographic evaluation within
30 days after their first hospitalization for heart fail-
ure, obesity was associated with both systolic and di-
astolic heart failure.

Three prior community-based studies reported
an association of increased body-mass index with an
increased risk of heart failure.!012 However, they did
not use the contemporary body-mass index classifi-
cation,!5:16 and ascertainment of heart failure was based
primarily on hospital-discharge codes or death cer-
tificates. Furthermore, none of these studies assessed
the entire range of body-mass index values or mod-
eled covariates as time-dependent variables. Only one
study!? adjusted for the occurrence of an interim my-
ocardial infarction.

Other investigators have reported that a low body-
mass index is associated with increased mortality
among patients with heart failure.23:2¢ Our study had
limited power to evaluate the risk of heart failure in
underweight subjects. In this context, it is important
to draw a distinction between the role of elevated
body-mass index as a risk factor for heart failure and
its effect on survival after the onset of heart failure.

The strength of the association, the stepwise in-
crease in the risk of heart failure across increasing
categories of body-mass index, the demonstration of
a temporal sequence (with increased body-mass index
preceding the development of heart failure), and the
consistency of results in multiple analyses suggest a
causal relation between increased body-mass index and
heart failure. There are several plausible mechanisms
for such an association. Increased body-mass index is
a risk factor for hypertension,?s diabetes mellitus,26.27
and dyslipidemia,!¢ all of which augment the risk of
myocardial infarction,2$2° an important antecedent of
heart failure.10-12:30 In addition, hypertension and di-
abetes mellitus independently increase the risk of heart
failure.10-12.3031 Elevated body-mass index is associated
with altered left ventricular remodeling,368 possibly
owing to increased hemodynamic load,3233 neurohor-
monal activation,3* and increased oxidative stress.3? Re-
cently, Zhou et al. raised the possibility of a direct ef-
fect of obesity on the myocardium by demonstrating
cardiac steatosis and lipoapoptosis in an animal mod-
el of obesity.3¢
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The strengths of our investigation include the large
community-based sample, standardized assessment of
body-mass index, consistent use of the same diagnos-
tic criteria for heart failure, and the long period of fol-
low-up. Nonetheless, it is important to acknowledge
several limitations. Although a diagnosis of heart fail-
ure was made only after a careful review of the records
by a panel of three physicians, it is still possible that
symptoms (such as dyspnea) and signs (such as ankle
edema) may be misconstrued as indicating heart fail-
ure more often in obese persons.?” Pedal edema was
more common among obese subjects with heart fail-
ure, but the distributions of major and all other minor
heart-failure criteria were similar among subjects with
heart failure in the three categories of body-mass in-
dex (data not shown). Exclusion of pedal edema as a
minor criterion in the obese subjects did not alter
the diagnosis of heart failure by the Framingham Heart
Study adjudication panel in any instance. Other evi-
dence against misclassification of subjects with heart
failure as the explanation for the observed association
includes the substantial increase in the risk of heart
failure among those who were overweight and those
with lesser degrees of obesity, and the finding in a sub-
group analysis that 43 percent of obese subjects with
heart failure had moderately or severely impaired left
ventricular systolic function. Finally, because our sam-
ple was predominantly white, we avoided confounding
by race but at the same time, we reduced the gener-
alizability of our findings to other races and ethnic
groups.

Our findings suggest that obesity is an important
risk factor for heart failure in both women and men.
Approximately 11 percent of cases of heart failure
among men and 14 percent among women in the
community are attributable to obesity alone. The con-
tribution of obesity to the risk of heart failure has
not been adequately recognized, and our observation-
al data suggest that efforts to promote optimal body
weight may reduce the risk of heart failure. Our re-
sults are particularly relevant given the alarming trend
toward increasing obesity in the United States.1¢
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