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Background: Although excessive alcohol consumption can pro-
mote cardiomyopathy, little is known about the association be-
tween alcohol consumption and risk for congestive heart failure in
the community.

Objective: To determine the relation between alcohol consump-
tion and risk for congestive heart failure in the community.

Design: Community-based, prospective observational study.
Setting: Framingham, Massachusetts.

Participants: Participants in the Framingham Heart Study who
were free of congestive heart failure and coronary heart disease.

Measurements: Self-reported alcohol consumption; sex-specific
rates of congestive heart failure per 1000 person-years of fol-
low-up by level of alcohol consumption.

Results: In men, 99 cases of congestive heart failure occurred
during 26 035 person-years of follow-up. In women, 120 cases of
congestive heart failure occurred during 35 563 person-years of
follow-up. After adjustment for multiple confounders, risk for con-

gestive heart failure was lower among men at all levels of alcohol
consumption compared with men who consumed less than 1
drink/wk. The hazard ratio for congestive heart failure was lowest
among men who consumed 8 to 14 drinks/wk (0.41 [95% CI,
0.21 to 0.81]) compared with those who consumed less than 1
drink/wk. In women, the age-adjusted hazard ratio for congestive
heart failure was lowest among those who consumed 3 to 7
drinks/wk (0.49 [Cl, 0.25 to 0.96]) compared with those who
consumed less than 1 drink/wk. However, after adjustment for
multiple predictors of congestive heart failure, this association was
no longer statistically significant.

Conclusions: In the community, alcohol consumption is not
associated with increased risk for congestive heart failure, even
among heavy drinkers (=15 drinks/wk in men and =8 drinks/wk
in women). To the contrary, when consumed in moderation, al-
cohol appears to protect against congestive heart failure.

Ann Intern Med. 2002;136:181-191. www.annals.org
For author affiliations, current addresses, and contributions, see end of text.
See related article on pp 192-200 and editorial comment on pp 247-249.

egular, heavy consumption of alcohol is associated

with subclinical impairment of left ventricular func-
tion (1-3) and occasionally results in overt cardiomyop-
athy (4). This may be a consequence of direct toxic
effects of alcohol or its metabolites (5); coexisting mal-
nutrition (6); associated hypertension (7, 8); increased
ventricular mass (9) or, rarely, toxic additives to alco-
holic beverages (10). Conversely, moderate alcohol con-
sumption appears to be protective against coronary heart
disease (11-14). Myocardial infarction is an important
risk factor for congestive heart failure (15-18). By pre-
venting coronary heart disease, moderate alcohol con-
sumption may indirectly protect against congestive heart
failure secondary to myocardial infarction. Thus, the re-
lation of alcohol consumption to the risk for congestive
heart failure is probably complex, reflecting the interplay
of its coronary protective effects and its myocardial toxic
effects.

Little is known about the effect of alcohol consump-
tion on the incidence of congestive heart failure in com-
munity-based populations. We therefore sought to de-

termine the relation between alcohol consumption and
risk for congestive heart failure in participants in the
Framingham Heart Study.

MEeTHODS
Study Sample

The Framingham Heart Study is a prospective epi-
demiologic cohort study established in 1948 to evaluate
potential risk factors for coronary heart disease. The
original cohort consisted of 5209 residents of Framing-
ham, Massachusetts, 28 to 62 years of age at entry, who
have undergone follow-up evaluations every 2 years. In
1971, 5124 additional participants (the offspring of the
original participants and their spouses) were enrolled
into the Framingham Offspring Study. These partici-
pants undergo follow-up evaluations every 4 years. The
study design and entry criteria for both cohorts are de-
scribed elsewhere (19-22).

The study sample was drawn from members of the
original cohort who attended examination 12, 15, 17,
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20, or 22 (1971 to 1994) and members of the offspring
cohort who attended examination 2, 4, or 5 (1979 to
1995). Each of these examinations served as the baseline
for subsequent follow-up intervals. Participants with
complete information on alcohol consumption at a
baseline examination and an examination 6 to 10 years
earlier (to identify former drinkers) were eligible for the
analysis. All examinations and procedures were approved
by the institutional review board of Boston University
School of Medicine, and all participants gave informed
consent.

Ascertainment of Alcohol Consumption

At examinations 12 through 15 and 17 through 22
of the original cohort and at all examinations of the
offspring cohort, participants were asked about the
number of 1.5-0z cocktails, 12-0z glasses (or cans) of
beer, and 4-oz glasses of wine they consumed in 1 week.
Alcohol intake (g/wk) among participants who con-
sumed at least 1 drink/wk was computed by using the
following equation: 28.35 + (0.57 + the number of
cocktails per week + 0.44 + the number of beers per
week + 0.40 + the number of glasses of wine per week)
(23). For each participant, the number of drinks con-
sumed per week was calculated by assuming that each
drink contains 13 g of alcohol (24). Men who consumed
15 drinks/wk or more and women who consumed 8
drinks/wk or more were considered to be heavy drinkers
in accordance with definitions established by the Na-
tional Institute of Alcohol Abuse and Alcoholism (25).

Participants who reported consuming less than 1
drink/wk at the index examination were further sepa-
rated into two groups on the basis of reported alcohol
consumption at an examination 6 to 10 years before the
index examination. Participants who reported consump-
tion of less than 1 drink/wk at the index examination
but more than 1 drink/wk at the previous examination
were classified as former drinkers. Participants who re-
ported consumption of less than 1 drink/wk at both
examinations were classified as nondrinkers and served
as the reference group.

Baseline Measurements

Medical histories and physical examinations were
performed for each participant at every clinic visit. Sys-
tolic and diastolic blood pressure were measured twice
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in the left arm of each participant. The average of the
two readings was used for each blood pressure variable.
The diagnosis of hypertension was based on a systolic
blood pressure of 140 mm Hg or greater, a diastolic
blood pressure of 90 mm Hg or greater, or current use
of antihypertensive drugs (26). Total and high-density
lipoprotein (HDL) cholesterol levels were measured at
each examination except examination 17 of the original
cohort. For participants attending examination 17, total
and HDL cholesterol levels measured at examination 15
were used. Body mass index was calculated as weight in
kilograms divided by the square of the height in meters.
Participants were separated according to smoking status
into nonsmokers, former smokers, and current smokers
(those who smoked cigarettes regularly within 1 year of
the index examination). The number of cigarettes
smoked per day was recorded for current smokers. Dia-
betes was defined as a nonfasting blood glucose level of
11.1 mmol/L or greater (=200 mg/dL), a fasting blood
glucose level of 7.8 mmol/L or greater (=140 mg/dL),
or use of insulin or an oral hypoglycemic agent (27).
Diagnostic criteria for coronary heart disease (including
myocardial infarction, coronary insufficiency, and an-
gina pectoris) are described elsewhere (22). Valvular
heart disease was defined as the presence of a systolic
murmur louder than II/VI or any diastolic murmur.
Electrocardiographic left ventricular hypertrophy was
diagnosed if a participant had voltage criteria for left
ventricular hypertrophy accompanied by lateral repolar-
ization changes (28).

Outcome Measurements

The primary outcome of interest was incident con-
gestive heart failure. Participants were monitored for the
development of congestive heart failure and other car-
diovascular events by using routine periodic clinic exam-
inations and surveillance procedures. Information about
such events was obtained through medical history, phys-
ical examination, and hospitalization records and by
communication with personal physicians. All suspected
new events were reviewed by a panel of three experi-
enced investigators who evaluated all pertinent medical
and hospital records and pathology reports. Table 1
shows criteria for diagnosis of congestive heart failure.
Congestive heart failure was diagnosed if at least two
major criteria or one major and two minor criteria were
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present. Minor criteria were acceptable only if they
could not be attributed to another medical condition
(such as pulmonary hypertension, chronic lung disease,
cirrhosis, ascites, or the nephrotic syndrome) (29).

The criteria used to identify participants with con-
gestive heart failure in the Framingham Heart Study
compare favorably to other clinically based criteria used
to identify persons with congestive heart failure (30) and
left ventricular systolic dysfunction (31). Mosterd and
colleagues (30) reported that the Framingham Heart
Study criteria were 100% sensitive and 78% specific for
identifying persons with definite congestive heart failure
as determined by clinical assessment by a cardiologist.

Statistical Analysis

Separate analyses were performed for men and
women. Because men and women differed markedly in
reported alcohol intake, level of alcohol consumption
was categorized differently for each sex. Baseline risk
factors were computed for each level of alcohol con-
sumption. Age-adjusted and multivariable-adjusted haz-
ard ratios for congestive heart failure were calculated by
using Cox proportional hazards regression models (32),
with pooled follow-up periods and reported alcohol in-
take at original cohort examinations 12, 15, 17, 20, and
22 and offspring cohort examinations 2, 4, and 5. Non-
drinkers served as the reference group. The following
covariates were included in the multivariable-adjusted
models: age, smoking (cigarettes/d), body mass index,
diabetes, valvular heart disease, HDL cholesterol level,
and hypertension. The maximum duration of follow-up
was 5 years. For participants attending consecutive ex-
aminations that were fewer than 5 years apart (original
cohort examinations 15 and 17, and 20 and 22 and
offspring examinations 4 and 5), follow-up was censored
at the time of the repeated examination (approximately
4 years later). Participants who attended more than one
index examination could contribute to multiple obser-
vations periods. We used the Anderson—Gill model for
multiple failure times (33) to account for the potential
for clustering of observations by participant.

Because the effect of alcohol consumption on devel-
opment of congestive heart failure may be mediated
through the effects of alcohol on hypertension or HDL
cholesterol level, we performed secondary analyses using
multivariable-adjusted models, with and without hyper-
tension status and HDL cholesterol as covariates. To
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Table 1. Criteria for Congestive Heart Failure*

Major criteria

Paroxysmal nocturnal dyspnea

Neck-vein distention

Rales

Radiographic cardiomegaly (increasing heart size on chest radiography)

Acute pulmonary edema

S5 gallop

Increased central venous pressure (>16 cm H,O at right atrium)

Hepatojugular reflux

Pulmonary edema, visceral congestion, or cardiomegaly at autopsy
Minor criteria

Bilateral ankle edema

Nocturnal cough

Dyspnea on ordinary exertion

Hepatomegaly

Pleural effusion

Decrease in vital capacity by one third from maximum recorded

Tachycardia (heart rate = 120 beats/min)

* Congestive heart failure was diagnosed if at least two major criteria or one major
and two minor criteria were met.

determine the association between alcohol consumption
and risk for congestive heart failure without interceding
myocardial infarction, we calculated age-adjusted and
multivariable-adjusted hazard ratios, censoring partici-
pants at the time of myocardial infarction that occurred
during follow-up. To adjust for differences in medical
therapy across alcohol consumption categories, models
were constructed that adjusted for medications taken at
the index examination (aspirin, B-blockers, diuretics,
calcium-channel blockers, and angiotensin-converting
enzyme inhibitors) in addition to the covariates included
in the model used for the primary analysis. For the final
model, the proportional hazards assumption was tested
and found to be appropriate. Analyses for length-selec-
tion biases showed that from the earliest ascertainment
of alcohol consumption in the Framingham Study until
the period of the current primary analysis, heavy drink-
ers were not at increased risk for congestive heart failure
or death compared with nondrinkers. All statistical analyses
were performed by using SAS statistical software (34).

RESULTS
Participants

A total of 3498 men and 4188 women attended at
least one baseline examination. We excluded 131 men
and 217 women because of missing information on co-
variates or failure to attend a follow-up examination. An
additional 218 men and 245 women were excluded be-
cause of missing information on alcohol consumption,
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Table 2. Baseline Characteristics in Men, by Level of Alcohol Consumption*

Characteristic

Alcohol Consumption

Nondrinkers Former Drinkers

Age, y 62.7 +11.7 60.8 + 11.7
Body mass index, kg/m?  27.2 + 4.3 27.3 + 4.1
Hypertension, % 50.7 48.6
Medications, %
Aspirin 36.7 26.4
Diuretics 12.6 15.6
B-Blockers 9.0 8.6
Calcium-channel blockers 6.6 6.4
Angiotensin-converting
enzyme inhibitors 10.2 7.7

Total cholesterol level,
mmol/L (mg/dL)
HDL cholesterol level,
mmol/L (mg/dL)

5.2 £1.0(202.8 = 38.2)

1.0 £0.3(39.5 £ 10.2) 1.0 = 0.3 (40.4 = 10.8)

Diabetes, % 8.6 10.0
Valvular heart disease, % 5.6 4.3
Smoking status, %

Never 331 26.8

Former 47.4 51.1

Current 19.5 221
Cigarettes smoked daily, nt 23.8 = 14.4 253 +13.8
Alcohol intake, drinks/wk 0 0
Previous alcohol intake,

drinks/wk# 0 8.9 * 16.1

1-7 Drinks/wk

5.4 *1.0(208.2 = 37.9)

8-14 Drinks/wk =15 Drinks/wk

59.1 =113 59.6 = 11.3 58.7 = 10.7
273 £3.7 272 36 272 =37
42.8 47.4 51.8

43.1 383 42.2

11.9 12.7 15.0

7.2 8.1 9.0

4.4 33 33

7.2 8.2 9.1

5.4 *1.0(210.0 = 37.3) 55+ 0.9(211.6 +35.7) 55+ 0.9(214.2 = 36.3)

1.1+ 0.3 (42.3 =10.9) 1.2 +0.3(46.4 £12.2) 1.3 +0.4(48.8 = 13.9)

71 5.6 6.4
4.4 4.8 43
29.5 21.8 16.0
52.0 54.6 53.0
18.5 23.6 31.0
224117 222 +129 26.2 £ 14.2
3.6+21 111 +23 273 £ 16.2
64+78 125 +9.2 23.4+17.6

* Data with the plus/minus sign are the mean * SD. HDL = high-density lipoprotein.

1 Current smokers only.

¥ Reported alcohol consumption at an examination 6 to 10 years before the index examination.

and 353 men and 233 women were excluded because of
congestive heart failure or coronary heart disease at base-
line, leaving 2796 men and 3493 women for analysis.
Tables 2 and 3 show baseline characteristics of men and
women, respectively.

Alcohol Consumption and Risk for Congestive Heart
Failure

In men, 99 cases of congestive heart failure occurred
during 26 035 person-years of follow-up. In women,
120 cases of congestive heart failure occurred during
35 563 person-years of follow up. Table 4 shows the
age-adjusted incidence of congestive heart failure in men
and women, by level of alcohol consumption.

Among men, risk for congestive heart failure was
lower at all levels of alcohol consumption compared
with nondrinkers after adjustment for age, smoking,
body mass index, diabetes, valvular heart disease, and
hypertension (Table 5). The hazard ratio for congestive
heart failure was lowest among men who consumed 8 to
14 drinks/wk. Among women, the age-adjusted risk for
congestive heart failure was reduced among those who
consumed 3 to 7 drinks/wk compared with nondrinkers
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(Table 6), but after further adjustment for smoking,
body mass index, diabetes, valvular heart disease, and
hypertension, the association was only marginally statis-
tically significant (P = 0.05). Further adjustment for
medications used at the index examination (aspirin,
B-blockers, diuretics, angiotensin-converting enzyme in-
hibitors, and calcium-channel blockers) did not materi-
ally change the results of the proportional hazards mod-
els (data available from the authors on request).

In secondary analysis, removal of hypertension from
the proportional hazards models did not greatly change
the observed hazard ratios in both men and women
(data not shown). In men, addition of HDL cholesterol
to the multivariable-adjusted model attenuated the asso-
ciation between alcohol consumption and risk for con-
gestive heart failure. However, risk for congestive heart
failure remained significantly lower in men who consumed
1 to 7 drinks/wk (P <<0.01) or 8 to 14 drinks/wk
(P = 0.03) compared with nondrinkers (Table 5). Risk
for congestive heart failure did not significantly differ in
former drinkers compared with nondrinkers among
men (P = 0.2) or women (P> 0.2).
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Table 3. Baseline Characteristics in Women, by Level of Alcohol Consumption*

Characteristic

Total cholesterol level,
mmol/L (mg/dL)
HDL cholesterol level,
mmol/L (mg/dL)

Alcohol Consumption

Nondrinkers

5.8 £1.1(223.3 +42.9)

1.3 +0.3(51.3 £135)

Former Drinkers

5.8 £1.1(225.5 + 41.5)

1.4 + 0.4 (563.2 = 15.0)

1-2 Drinks/wk

57 £1.1(221.7 £ 42.1)

1.4 + 0.4 (54.6 = 14.2)

3-7 Drinks/wk

5.7 £1.0(220.0 = 40.2)

1.5+ 0.4 (57.9 £ 15.4)

=8 Drinks/wk

Age, y 65.8 £ 124 63.4+123 60.2 £ 11.2 599 £ 11.6 60.1 = 10.9
Body mass index, kg/m? 269 + 55 265 +5.0 263+ 4.9 25.6 + 4.6 249 +43
Hypertension, % 54.9 49.2 44.2 40.8 47.8
Medications, %
Aspirin 34.2 27.0 433 38.7 431
Diuretics 248 24.4 19.6 16.6 20.4
B-Blockers 8.7 73 6.7 6.4 7.1
Calcium-channel blockers 5.7 3.1 4.2 2.4 45
Angiotensin-converting
enzyme inhibitors 75 5.9 5.1 5.8 6.1

5.8 £ 1.1(226.0 = 42.5)

1.6 = 0.4 (62.5 = 16.9)

Diabetes, % 9.6 7.4 6.0 7.6 6.6
Valvular heart disease, % 8.1 6.2 4.8 4.7 6.0
Smoking status, %

Never 60.3 46.1 451 36.8 21.6

Former 238 33.2 352 39.8 41.4

Current 15.9 20.7 19.7 234 37.0
Cigarettes smoked daily, nt  19.4 = 10.5 17.9 =111 17.6 +10.7 18.0 = 11.3 19.8 = 11.3
Alcohol intake, drinks/wk 0 0 1.4 +05 49 *+16 145 *+ 6.8
Previous alcohol intake,

drinks/wk# 0 33%53 25*34 6.0+ 115 114 £82

* Data with the plus/minus sign are the mean

1 Current smokers only.

+ SD. HDL = high-density lipoprotein.

¥ Reported alcohol consumption at an examination 6 to 10 years before the index examination.

Heavy Alcohol Consumption and Risk for Congestive

compared with nondrinkers after adjustment for age,
smoking, body mass index, diabetes, valvular heart dis-
ease, and hypertension (Table 5). Risk for congestive
heart failure among women who consumed 8 drinks/wk

Heart Failure

In our sample, 23% of men consumed 15
drinks/wk or more and 17% of women consumed 8

drinks/wk or more. The risk for congestive heart failure or more was not increased compared with nondrinkers

(Table 6).

in men who consumed 15 drinks/wk or more was lower

Table 4. Age-Adjusted Incidence of Congestive Heart Failure in Men and Women, by Level of Alcohol Consumption

Participants All-Cause Congestive Heart Failure Congestive Heart Failure without Preceding
Myocardial Infarction
Cases Follow-up Age-Adjusted Incidence Cases Follow-up Age-Adjusted Incidence
(95% CI) (95% ClI)
n person-years cases/1000 person-years n person-years cases/1000 person-years
Men
Nondrinkers 24 2921 6.3 (3.7-8.8) 17 2869 4.7 (2.4-6.9)
Former drinkers 16 3254 4.5(2.3-6.7) 10 3222 2.9 (1.1-4.7)
1-7 drinks/wk 27 9431 3.0 (1.9-4.1) 18 9341 2.0 (1.0-3.0)
8-14 drinks/wk 13 4450 2.9(1.3-4.6) 11 4428 2.5(1.0-4.0)
=15 drinks/wk 19 5979 3.6 (1.9-5.2) 15 5942 2.9 (1.4-4.4)
Women
Nondrinkers 44 7733 4.1(2.8-5.4) 30 7711 2.9 (1.8-4.0)
Former drinkers 29 6181 4.1 (2.6-5.6) 16 6151 2.3(1.1-3.4)
1-2 drinks/wk 21 8753 2.7 (1.5-3.9) 20 8723 2.6 (1.4-3.7)
3-7 drinks/wk 11 6829 1.9 (0.8-3.1) 8 6815 1.4 (0.4-2.4)
=8 drinks/wk 15 6067 3.4(1.6-5.2) 11 6056 2.3(0.8-3.7)
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Table 5. Risk for Congestive Heart Failure in Men, by Level of Alcohol Consumption

Disease

Hazard Ratio (95% ClI)

Nondrinkers

All-cause congestive heart failure
Age-adjusted model
Multivariable-adjusted model 1*
Multivariable-adjusted model 2t

Congestive heart failure without

preceding myocardial infarction
Age-adjusted model
Multivariable-adjusted model 1*
Multivariable-adjusted model 2t

1.0 (referent)
1.0 (referent)
1.0 (referent)

1.0 (referent)
1.0 (referent)
1.0 (referent)

Former Drinkers

0.72 (0.38-1.37)
0.63 (0.33-1.20)
0.64 (0.34-1.22)

0.65 (0.30-1.43)
0.54 (0.25-1.20)
0.55 (0.25-1.22)

1-7 Drinks/wk

0.48 (0.27-0.83)
0.44 (0.25-0.77)
0.46 (0.27-0.81)

0.45 (0.23-0.89)
0.41(0.21-0.79)
0.43 (0.22-0.83)

8-14 Drinks/wk

0.47 (0.24-0.93)
0.41(0.21-0.81)
0.47 (0.24-0.94)

0.57 (0.27-1.23)
0.49 (0.23-1.05)
0.56 (0.26-1.22)

=15 Drinks/wk

0.59 (0.32-1.08)
0.53 (0.29-0.97)
0.63 (0.34-1.19)

0.66 (0.33-1.33)
0.59 (0.29-1.20)
0.75 (0.36-1.53)

* Adjusted for age, smoking (number of cigarettes smoked per day), body mass index, diabetes, valvular heart discase, and hypertension.
1 Adjusted for high-density lipoprotein cholesterol level in addition to variables included in model 1.

In men who consumed 42 drinks/wk or more, 3
cases of congestive heart failure occurred during 752
person-years of follow-up. In women who consumed 28
drinks/wk or more, 2 cases of congestive heart failure
occurred during 364 person-years of follow-up. After
adjustment for age, smoking, body mass index, diabetes,
valvular heart disease, and hypertension, the hazard ratio
for congestive heart failure was 0.6 (95% CI, 0.2 to 2.1)
in men who consumed 42 drinks/wk or more and 2.0
(CI, 0.5 to 8.7) in women who consumed 28 drinks/wk,
compared with nondrinkers.

In men, the age-adjusted incidence of death from
noncardiovascular causes was 15.4 deaths/1000 person-
years (CI, 11.3 to 19.6 deaths/1000 person-years) in
nondrinkers and 10.9 deaths/1000 person-years (CI, 8.1
to 13.8 deaths/1000 person-years) in men who con-
sumed 15 drinks/wk or more. In women, the age-
adjusted incidence of death from noncardiovascular
causes was 9.3 deaths/1000 person-years (CI, 7.3 to
11.2 deaths/1000 person-years) in nondrinkers and 10.0

deaths/1000 person-years (CI, 6.8 to 13.1 deaths/1000
person-years) in women who consumed 8 drinks/wk or
more.

Alcohol Consumption and Risk for Congestive Heart
Failure without Preceding Myocardial Infarction

During follow-up, 162 myocardial infarctions oc-
curred in men and 102 myocardial infarctions occurred
in women. In men, 71 cases of congestive heart failure
(72% of all cases) occurred without preceding myocar-
dial infarction during 25 802 person-years. In women,
85 cases of congestive heart failure (71% of all cases)
occurred without preceding myocardial infarction dur-
ing 35 456 person-years. Table 4 shows the age-adjusted
incidence of congestive heart failure without preceding
myocardial infarction in men and women, by level of
alcohol consumption.

Risk for congestive heart failure without preceding
myocardial infarction was reduced among men who

Table 6. Risk for Congestive Heart Failure in Women, by Level of Alcohol Consumption

Disease

Hazard Ratio (95% CI)

Nondrinkers

All-cause congestive heart failure
Age-adjusted model
Multivariable-adjusted model 1*
Multivariable-adjusted model 2+

Congestive heart failure without

preceding myocardial infarction
Age-adjusted model
Multivariable-adjusted model 1*
Multivariable-adjusted model 2t

1.0 (referent)
1.0 (referent)
1.0 (referent)

1.0 (referent)
1.0 (referent)
1.0 (referent)

Former Drinkers

1.06 (0.66-1.70)
1.11 (0.69-1.78)
1.15(0.72-1.86)

0.86 (0.47-1.59)
0.91 (0.50-1.69)
0.95 (0.51-1.75)

1-2 Drinks/wk

0.73 (0.43-1.24)
0.77 (0.45-1.30)
0.82 (0.48-1.39)

0.98 (0.55-1.76)
1.07 (0.60-1.90)
1.13 (0.63-2.01)

3-7 Drinks/wk

0.49 (0.25-0.96)
0.53 (0.27-1.03)
0.60 (0.31-1.18)

0.51(0.23-1.11)
0.55 (0.25-1.20)
0.60 (0.27-1.33)

=8 Drinks/wk

0.81(0.45-1.48)
0.80 (0.44-1.46)
1.04 (0.56-1.92)

0.84 (0.41-1.70)
0.83 (0.41-1.70)
1.02 (0.49-2.10)

* Adjusted for age, smoking (number of cigarettes smoked per day), body mass index, diabetes, valvular heart disease, and hypertension.
T Adjusted for high-density lipoprotein cholesterol level in addition to variables included in model 1.
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consumed 1 to 7 drinks/wk compared with nondrinkers
after adjustment for multiple predictors of congestive
heart failure, including HDL cholesterol level (Table 5).
In women, no association was seen between alcohol con-
sumption and risk for congestive heart failure without
preceding myocardial infarction (Table 6). Men and
women in the highest categories of alcohol consumption
(=15 drinks/wk and =8 drinks/wk, respectively) had
no greater risk for congestive heart failure without pre-
ceding myocardial infarction than did nondrinkers.

DiscussioN

In our community-based sample, risk for congestive
heart failure was lower among men at all levels of alco-
hol consumption compared with nondrinkers, before
and after adjustment for multiple predictors of conges-
tive heart failure. The lowest hazard ratio for congestive
heart failure was seen in men who consumed 8 to 14
drinks/wk. The observed association between alcohol
consumption and risk for congestive heart failure in men
was not affected by adjustment for hypertension, but it
was mildly attenuated by adjustment for HDL choles-
terol. Among women, age-adjusted risk for congestive
heart failure was lower among women who consumed 3
to 7 drinks/wk than in nondrinkers. This association
remained marginally statistically significant after adjust-
ment for multiple predictors of congestive heart failure.
No level of alcohol consumption in men or women was
associated with increased risk for congestive heart failure.

Alcohol Consumption and Left Ventricular Function

Case series (1) and case—control studies (2, 3, 35)
have found a high prevalence left ventricular dysfunc-
tion among asymptomatic persons who consume large
quantities of alcohol (>5 drinks/d). In community-
based samples that consume less alcohol, cross-sectional
studies have demonstrated only modest associations be-
tween alcohol consumption and subclinical abnormali-
ties of left ventricular structure and function (9, 36). In
the Framingham Heart Study sample, Manolio and col-
leagues found an association between alcohol consump-
tion and echocardiographic left ventricular mass in men
but not women (9). In men, alcohol intake was related
to both left ventricular hypertrophy and left ventricular
dilation, and this association was independent of systolic
blood pressure. Kupari and Koskinen (36) studied the
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effects of alcohol consumption on echocardiographic left
ventricular function in 93 persons without coronary
heart disease who were drawn randomly from the pop-
ulation. Alcohol intake was not associated with left ven-
tricular mass but was associated with increased left ven-
tricular systolic dimension and reduced fractional
shortening.

Alcohol Consumption, Coronary Heart Disease, and
Congestive Heart Failure

Numerous large, prospective cohort studies have
found that moderate alcohol consumption is associated
with reduced risk for coronary heart disease and myo-
cardial infarction (11-14). Myocardial infarction, in
turn, is an important precursor of congestive heart fail-
ure (15—18). Protective effects of moderate alcohol in-
take against myocardial infarction may offset any poten-
tial negative effect of alcohol on ventricular function.
Consistent with this hypothesis, Cooper and associates
(37) reported that light to moderate alcohol consump-
tion was not associated with increased risk for congestive
heart failure progression among patients with ischemic
left ventricular systolic dysfunction, but it was associated
with a trend toward increased risk for hospitalization for
congestive heart failure in patients with nonischemic left
ventricular systolic dysfunction. Thus, protective effects
of alcohol consumption against coronary heart disease
may account for the inverse association between alcohol
consumption and congestive heart failure that we ob-
served.

Moderate alcohol consumption increases serum lev-
els of HDL cholesterol (38). High-density lipoprotein
cholesterol has been estimated to account for approxi-
mately 50% of the protective effect of alcohol against
coronary heart disease (39, 40). Adjustment for HDL
cholesterol level in our study slightly attenuated the in-
verse association between moderate alcohol consump-
tion and risk for congestive heart failure in men. This
suggests that part of the protective effect of alcohol
against congestive heart failure may be related to an al-
cohol-mediated increase in serum HDL cholesterol levels.

If alcohol consumption protects against congestive
heart failure primarily by preventing myocardial infarc-
tion, the lower risk for congestive heart failure among
drinkers would be expected to result from a lower risk
for myocardial infarction. Conversely, risk for conges-
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tive heart failure in the absence of myocardial infarction
would be expected to be nearly the same among both
drinkers and nondrinkers. To test this hypothesis, we
repeated our analysis after censoring participants with
interim myocardial infarction. We found that risk for
congestive heart failure without preceding myocardial
infarction was significantly reduced in men in the lowest
alcohol intake category (1 to 7 drinks/wk) compared
with nondrinkers. Relatively few end points were avail-
able for this secondary analysis, and we had limited sta-
tistical power. Nonetheless, for men in the highest
drinking categories, the risk for congestive heart failure
without preceding myocardial infarction was similar to
those for all-cause congestive heart failure. Our data are
consistent with those of previous reports (41) showing
that a lower risk for myocardial infarction among drink-
ers does not entirely explain the inverse association be-
tween moderate alcohol consumption and risk for con-
gestive heart failure.

Heavy Alcohol Consumption and Risk for Congestive
Heart Failure

Chronic, excessive alcohol consumption has been
proposed as a major cause of cardiomyopathy in indus-
trialized countries, such as the United States (42, 43). In
our sample, 23% of men consumed 15 drinks/wk or
more and 17% of women consumed 8 drinks/wk or
more, levels of alcohol consumption that are considered
by the National Institute of Alcohol Abuse and Alcohol-
ism to constitute heavy drinking (25). At this level of
alcohol consumption, we observed no increased risk for
congestive heart failure compared with nondrinkers. In
fact, among men who consumed 15 drinks/wk or more
(mean alcohol consumption, 27.3 drinks/wk), the multi-
variable-adjusted risk for congestive heart failure was sig-
nificantly reduced compared with nondrinkers (hazard
ratio, 0.52 [CI, 0.28 to 0.96]). This was particularly
surprising, given that people may underreport alcohol
consumption because of the social stigma associated
with excessive drinking.

It is possible that alcohol-mediated cardiomyopathy
occurs only at higher levels of alcohol consumption than
observed in our study sample, or that it may require
coexisting malnutrition or genetic predisposition. In ad-
dition, because heavy drinkers have increased mortality
from cirrhosis, injuries, violence, suicide, and certain
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cancers (11), they may die before they clinically manifest
alcohol-related cardiomyopathy. However, in our sam-
ple, the age-adjusted incidence of death from noncardio-
vascular causes in participants in the highest categories
of alcohol consumption was similar to that in nondrink-
ers, suggesting that our findings are not a result of an
excess of deaths due to alcohol-related illnesses among
heavy drinkers.

Alcohol Consumption, Hypertension, and Congestive
Heart Failure

Although heavy alcohol consumption is an impor-
tant cause of hypertension, moderate alcohol consump-
tion appears to have at most a modest effect on blood
pressure (8, 44). In our study, controlling for hyperten-
sion did not affect the inverse association between mod-
erate alcohol consumption and risk for congestive heart
failure, suggesting that alcohol intake at the levels ob-
served in our study contributes little to hypertension-
mediated myocardial dysfunction. At higher levels of
consumption, protective effects of alcohol against coro-
nary heart disease may be offset by alcohol-related hy-
pertensive heart disease.

Sex Differences in the Association of Alcohol
Consumption and Congestive Heart Failure

Among men, drinkers had a lower risk for conges-
tive heart failure than did nondrinkers. Although we
observed a reduction in the age-adjusted risk for conges-
tive heart failure among women who consumed 3 to 7
drinks/wk compared with nondrinkers, this association
was only marginally statistically significant after adjust-
ment for multiple predictors of congestive heart failure.

Some (45—-47) but not all (36) studies have reported
sex-related differences in the response of the myocar-
dium to alcohol. Studies of alcoholic persons without
overt cardiomyopathy (45, 46) have had conflicting re-
sults regarding the differential effects of alcohol on ven-
tricular function in men and women. Wu and colleagues
(45) reported that subclinical abnormalities of ventricu-
lar systolic function are more common in men than
women at comparable levels of alcohol consumption. In
contrast, Urbano-Marquez and colleagues (46) reported
that women develop ventricular systolic dysfunction at
lower levels of alcohol consumption compared with
men, and Fernidndez-Sola and associates (47) found that
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women develop alcoholic cardiomyopathy at a lower to-
tal lifetime dose of alcohol compared with men.

Data are sparse on sex-specific differences in the as-
sociation between alcohol consumption and risk for
congestive heart failure at the more modest levels of
alcohol intake commonly encountered in the commu-
nity. In our study, the inverse association between alco-
hol consumption and risk for congestive heart failure
was less pronounced in women than men. It is possible
that women are susceptible to alcohol-mediated ventric-
ular dysfunction at relatively low levels of alcohol intake,
thereby diminishing the potentially protective effects of
alcohol against congestive heart failure.

Limitations

First, we relied on self-reporting of alcohol intake,
which may result in misclassification of exposure status.
Random misclassification would be expected to weaken
the observed association of alcohol consumption with
risk for congestive heart failure and bias our results to-
ward the null. Alternatively, selective misclassification of
heavy drinkers as nondrinkers may account for the in-
creased risk for congestive heart failure seen among par-
ticipants who reported no alcohol intake. This is un-
likely, however, because we observed a positive
association between alcohol consumption and HDL
cholesterol level in both men and women, a finding that
supports the rank-order validity of self-reported alcohol
intake. Second, we did not adjust for drinking pattern
and beverage type. Alcohol consumption patterns (for
example, binge drinking versus regular alcohol con-
sumption) and type of beverage consumed (beer, wine,
or spirits) may affect risk for congestive heart failure
independently of total alcohol intake. Third, alcoholic
cardiomyopathy may occur at a relatively young age. If
so, the heaviest drinkers may have developed congestive
heart failure before entry into our study. Finally, non-
drinkers, who served as the reference group in our study,
may include both lifelong abstainers and former drink-
ers. Former drinkers may be at increased risk for cardio-
vascular disease relative to mild to moderate drinkers,
potentially obscuring deleterious effects of alcohol con-
sumption on risk for congestive heart failure. We at-
tempted to account for this by using as our reference
group only participants who reported consuming less
than 1 drink/wk at both the index examination and an
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examination 6 to 10 years before the index examination.
Risk for congestive heart failure in former drinkers did
not differ significantly from that in nondrinkers in our
study.

Our findings should be interpreted with caution.
We excluded persons with congestive heart failure at
baseline, and our results therefore do not apply to per-
sons with existing congestive heart failure. In addition,
although we found no increase in risk for congestive
heart failure among participants in the highest categories
of alcohol intake, other studies have shown increased
overall mortality due to alcohol-related illnesses among
persons reporting similar levels of alcohol consumption
(11). Recommendations by health professionals regard-
ing alcohol consumption should take into account the
overall health effects of alcohol.

In conclusion, in our community-based sample, al-
cohol was not associated with increased risk for conges-
tive heart failure among persons with heavy alcohol con-
sumption (=15 drinks/wk in men and =8 drinks/wk in
women) and was associated with a lower risk for con-
gestive heart failure when consumed in moderation. Ac-
counting for the effects of alcohol on risk for myocardial
infarction did not entirely explain the apparent protec-
tive effects of alcohol against congestive heart failure.
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