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Introduction
High-density lipoprotein (HDL) cho-

lesterol is known to be inversely related to
coronary heart disease.1,2 Also, an inverse
relationship between moderate alcohol
consumption and coronary heart disease
has been found in epidemiological studies
of diverse design,3-9 although some stud-
ies have reported conflicting results. 10 The
Lipid Research Clinics Follow-up Study
provided information from a prospective
study of more than 7400 men and women
in 10 North American populations fol-
lowed for an average of 8.5 years.1"5 In
that study, moderate alcohol consumption
was weakly protective for cardiovascular
disease, and the effect of alcohol con-
sumption on cardiovascular disease mor-
tality was partially mediated by the HDL
cholesterol increase.

Alcohol consumption has been found
to be related to high-density lipoprotein
cholesterol in various studies.6-91'-22 In
the Lipid Research Clinics Prevalence
Study,1"'3 the association of alcohol con-
sumption and HDL cholesterol levels was
confirmed for Whites. Furthermore, this
relationship was consistent for all types of
alcoholic beverages, including beer, wine,
and liquor. This direct relationship be-
tween alcohol consumption and HDL
cholesterol has also been discussed in sev-
eral review articles. 14-7,1023 24

However, most studies have used
data from selected populations, and only a
few have provided data on the relationship
of HDL cholesterol levels to different
types of alcoholic beverages. Moreover,
there are few data on the frequency of
alcohol use in the United States in recent

years, and only a few studies have re-

ported on the effect of alcohol on HDL
cholesterol levels in Blacks. The second

National Health and Nutrition Examina-
tion Survey (NHANES II)25 26 measured
HDL cholesterol levels in a probability
sample of the civilian noninstitutionalized
population of the United States and thus
provides information on the distribution of
HDL cholesterol levels for categories of
alcohol consumption as well as for se-
lected potential correlates, namely age,
sex, and race. The NHANES II also pro-
vides data on alcohol use for US adults.
The data permit control for other potential
confounding factors such as education,
body mass index, smoking, and physical
activity.

The current report presents data on
the relationship between HDL cholesterol
and alcohol consumption in this represen-
tative sample of the US population.

Population and Methods
The NHANES II, conducted be-

tween February 1976 and February 1980
by the National Center for Health Statis-
tics, was a national cross-sectional prob-
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ability survey of the civilian noninstitu-
tionalized population of the United States
aged 6 months to 74 years.25326 The data
and analyses presented here were limited
to those examined persons who had HDL
cholesterol determinations.

NHANES II consisted of two com-
ponents: (1) household interviews and (2)
physical examinations and interviews in
mobile examination centers. Socioeco-
nomic and demographic information for
the sample person and the family and a
medical history questionnaire were col-
lected in the household interview. The
medical examination was conducted ac-
cording to a standardized protocol and in-
cluded laboratory tests on whole blood
and sera. For each person examined, di-
etary data, including alcohol consump-
tion,were obtained bymeans ofa 3-month
food frequency questionnaire adminis-
tered by trained dietary interviewers.

In any health examination survey
conducted in a manner similar to
NHANES, the potential exists for three
types of nonresponse: (1) interview non-
response, (2) examination nonresponse,
and (3) item nonresponse (with respect to
this research topic, the total cholesterol
and HDL cholesterol determinators). In-
terview nonresponse occurs when the
medical history questionnaire is not com-
pleted; examination nonresponse occurs
when those sample persons who respond
to the household questions do not come to
the examiation center. HDL cholesterol
determination nonresponse results when
the sample person refuses to have blood
drawn, when the venipuncture is unsuc-
cessful, when the vial is lost or destroyed,
or when there is insufficient specimen to
make the determination. Intense efforts
were undertaken during NHANES II to
develop and implement procedures that
would minimize all types of nonre-
sponse.26 An analysis of selected health
variables of persons who were examined
vs those who were not examined (but in-
terviewed) indicated no substantial bias
due to non-response.27 The examined
sample has been adjusted to reflect a na-
tionally representative sample.26 Further-
more, an exaniination of the characteris-
tics of persons with and without HDL
cholesterol determinations such as age, in-
come, education, body mass index, alco-
hol use, smoklng, and physical activity did
not detect differences thatwould suggest a
bias in the results.

Detenination ofSenmn L*ids
The National Center for Health Sta-

tistics and the National Heart, Lung and

Blood Institute agreed to the joint collec-
tion, chemical analysis, and processing of
NHANES II serum specimens for total
cholesterol, HDL cholesterol, and triglyc-
erides. Chemical analyses were provided
by the Lipid Research Clinics Laboratory
at George Washington University.28

Definitions
Freqency of alcohol consumption.

The frequency of consumption of beer,
wine, and liquorwas obtained from a food
frequency questionnaire. Participants
were asked about their usual consumption
ofalcoholicbeverages during the 3 months
thatpreceded the interview. Consumption
was classified as follows: never, seldom
(less than once per week), weekly (one to
six times per week), or daily (one or more
times per day). The data for all types of
alcohol-beer, wine, and liquor-were
compared. The data were then examined,
in regard to each type of alcoholic bever-
age, for those who reported that they
never or seldomconsumed alcohol and for
those who reported weekly or daily use.
This was done to avoid small numbers in
cells created by multiple classification for
the four sex-race groups. The greatest fre-
quency of reported alcohol use was cal-
culated as a composite measure of habit-
ual (chronic) frequency of alcohol use of
any kind.

Alcohol quantity. The number of
grams of pure alcohol reported was cal-
culated for all ypes of alcoholic beverages
reported on the food frequency question-
naire. The following conversions were
used: The consumption of beer was mul-
tiplied by 0.48, which represents the av-
erage amount of alcohol in a 12-oz glass of
beer. The consumption of wine was mul-
tiplied by 0.6, which represents the aver-
age amount of alcohol in a 4-oz glass of
wine. The consumption ofliquorwas mul-
tiplied by 0.45, which represents the av-
erage amount of alcohol in a 1-oz glass of
liquor. The total amount of alcohol re-
ported was then defined as the sum of the
amount ofbeer,wine, and liquor reported.

Race. The observed race was re-
corded as White, Black, or other. Only
Whites and Blacks are included in this re-

port.
Educational leveL The educational

level was determined by the highest grade
attended in a public or a private school.

Body mass index (Quetelet index).
Body mass index (weight in kg/height in
m2) was calculated as a measure of pon-
derosity.

Smoking. aminees were asked (1)
whether they had smoked at least 100 cig-

arettes during their entire life, (2) whether
they currently smoked, and (3) the daily
number of cigarettes smoked. Individuals
who responded positively to questions 1
and 2 were defined as current smokers.
Those who responded positively to ques-
tion 1 but negatively to question 2 were
defined as past smokers (of at least 100
cigarettes), and thosewho responded neg-
atively to question 1 were defined as non-
smokers. For current smokers, the data
were further explored in two categories:
those who smoked fewer than 21 ciga-
rettes (up to one pack) per day and those
who smoked 21 ormore cigarettes per day
(more than a pack).

Physical activity. Two questions
dealt with physical activity. Participants
were asked (1) whether they were getting
"much exercise," "moderate exercise,"
or "little or no exercise" for recreation
and (2) whether, in their usual day, aside
from recreation, theywere "very active,"
"moderately active," or "quite inactive."
The higher category of activity in the two
questions was then calculated as a com-
posite of activity of any kind.

Statistical Methods
All statistical analyses incorporated

both the weights and the complex sample
design of the NHANES II. The SUR-
REGR29 and GENCAT30,31 programs
were used to calculate age-specific and
age-adjusted mean HDL cholesterol lev-
els of men and women by race and by
reported frequency of alcohol consump-
tion. The age-adjusted means were stan-
dardized by the direct method to the 1980
US census population. The first level of
analysis consistedoftesting the equalityof
age-specific and age-adjusted mean HDL
cholesterol by frequency of any type of
alcohol reported for the four sex-race
groups. A x2 statistic with one degree of
freedomwas used to test hypotheses ofno
difference in meanHDL cholesterol at the
.05 level of signifcance. For this report,
the use of the word "significant" implies
"statistically significant."

Second, Pearson correlation coeffi-
cients were estimated to investigate the
relationship between HDL cholesterol
and calculated daily quantity (in grams) of
alcohol. The OSIRIS32 program was used
to estimate correlation coefficients and
standard errors. Since the sampling distri-
bution ofthe correlation coefficients is not
normal, Fisher's Z transformation was

used to test the hypothesis of zero corre-
lation.

Third, the SURREGR program was
used in weighted least squares multiple re-
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gression analyses,29 with HDL choles-
terol as the dependent variable, to control
for potential confounding. All correlates
were included simultaneously in the equa-
tion.

Remsu
Table 1 shows the percentage of ex-

aminedmen andwomenwho reported use
of any type of alcohol, by frequency cat-
egories of alcohol consumption. Fewer
women than men reported the consump-
tion of beer, wine, or liquor. Generally,
similar percentages of Whites and Blacks
of both sexes reported weekly or daily al-
cohol consumption. About 24% of the
men, 40%o of the White women, and 46%
of the Black women reported that they
had never consumed alcohol. About 17%
ofWhite men and about 15% ofBlackmen
reported that they seldom used alcohol,
compared with 24% to 25% of women.
Forty percent to 44% of the men, com-
pared with about 25% to 28% of the
women, reported weekly use of alcohol,
and about 16% to 20%o of the men, com-
pared with 7% of the White women and
5% of the Black women, reported daily
use of alcohol. The data for beer, wine,
and liquor consumption show similar
trends. However, more Black than White
women reported beer use, while more
White than Black women reported use of
wine or liquor.

We have previously reported that the
age-adjusted mean HDL cholesterol lev-
els of Whites and Blacks of both sexes
increased consistently with increased re-
ported frequency of alcohol consump-
tion.21 The increases in levels for White
and Black men and for White and Black
women were 8.3 mg/dL, 9.7 mg/dL, 13.0
mg/dL, and 7.1 mg/dL, respectively. Ta-
ble 2 shows similar trends for the com-
bined categories of reported never-
seldom and weekly-daily consumption of
beer, wine, and liquor. The increases in
mean HDL cholesterol levels for White
men who reported consumption of beer,
wine, and liquor were 4.2 mg/dL, 3.7 mg/
dL, and 4.0 mg/dL, respectively. The cor-

responding increases were 5.9 mg/dL, 4.3
mg/dL, and 4.0 mg/dL for Black men; 5.6
mg/dL, 5.5 mg/dL, and 6.3 mg/dL for
Wlite women; and 6.1 mg/dL, 8.2 mg/dL,
and 0.8 mg/dL for Black women. Simi-
larly, for each ofthe four sex-race groups,
age-adjusted HDL cholesterol levels gen-
erally increased with increased repored
quantities of alcohol consumed (Table 3),
with increases of 6.7 mg/dL, 9.8 mg/dL,
9.4 mg/dL, and 7.0 mg/dL for White and

Black men and White and Black women,
respectively. The correlation coefficients
ofHDL cholesterol and grams of alcohol
reported were statistically significant for

men and White women. They were high-
est for Whitewomen and lowest for Black
women.

White men had the lowest age-ad-
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justed mean HDL cholesterol levels
within all categories of frequency and
quantity of alcohol consumption. Age-
adjusted levels for White women were
consistently and significantly higher than
those of White men. Blacks had consis-
tently higher age-adjusted levels than
Whites, for both men and women.

Mukivariate Analyses
Multivariate models were examined

next (Table 4).21 A model with a variable
for oral contraceptive use yielded similar
results to a model excluding this variable,
and the coefficient for oral contraceptive
usewas not statistically significant. There-
fore, the findings for a parsimonious
model excluding oral contraceptive use
are reported here. Reported weekly or

daily consumption of alcohol was posi-
tively related to HDL cholesterol levels,

independent of the effects of race, sex,
body mass index, age, current smoking,
and physical activity. In this model, edu-
cation was not strongly related to HDL
cholesterol. Daily or weekly reported use
of alcohol led to an increase in meanHDL
cholesterol level of about 5.1 mg/dL. The
results were similar when a variable com-
paring those who ever used alcohol with
those who never used alcohol was intro-
duced as a measure of alcohol consump-
tion. Similar results were obtained when
the quantity of alcohol use (in grams) was
substituted for the 3-month frequency
data for a subset of alcohol users (Table
5). Alcohol was directly related to HDL
cholesterol levels. The regression analy-
ses indicated that consuming 1 g of alco-
hol led to an increase in mean HDL cho-
lesterol level of 0.87 mg/dL (95% CI =
0.56, 1.19).

Disussion

The present report provides esti-
mates of the relationships ofHDL choles-
terol and reported beer, wine, and liquor
consumption for a representative sample
of the US population. HDL cholesterol
levels were found to increase with alcohol
consumption of any kind in men and
women of both races with a dose-
response pattern. The consumption of 1 g
of alcohol (in any type of alcoholic bever-
age) led to an increase of 0.87 mg/dL in
mean HDL cholesterol level. This rela-
tionship was independent of the relation-
ships ofHDL cholesterol and age, educa-
tion, body mass index, cigarette smoking,
or physical activity. Furthermore, the dis-
tnrbution of HDL cholesterol in the four
sex-race groups confirms previous re-
ports by Tyroler et al.33 and Heiss et al.'
and is consistent with previous analyses of
the NHANES II data,21 even after strati-
fication by frequency and quantity of al-
cohol consumption.

Some limitations of our study must
be acknowledged. The data reported here
are cross-sectional and do not enable the
assessment of long-term effects of alcohol
consumption or abstinence on HDL cho-
lesterol. Previous reports have found that
increased alcohol consumption is associ-
ated with an increase in HDL3 levels but
not HDL2 levels.34-37 However, other re-
ports have shown that both are related to
alcohol consumption.38-41 NHANES II
did not have information on the types of
HDL cholesterol. Similarly, NHANES II
did not collect detailed hormone use
among women, therefore, gonadal hor-
mones for contraception or other medical
purposes could not be completely evalu-
ated in the analyses.

Self-reported alcohol consumption
may tend to underestimate actual con-
sumption. However, the findings reported
here are consistent for the various alcohol
strata and with previous studies. This in-
dicates the lack of differential random mis-
classification that would tend to diminish
the association rather than to create spu-
rious trends. Moreover, previous reports
have indicated that the underreporting oc-
curs mainly for problem drinkers, while
those who abstain or those who consume
alcoholic beverages on only a few occa-
sions probably report their alcohol use ac-
curately.7.22 About a third of the men and
half of the women of both races reported
abstaining from alcohol. These data are
comparable to data reported by other
sources.42
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Although the effects of moderate al-
cohol consumption on HDL cholesterol
represent a likely mechanism for the in-
verse association between moderate alco-
hol consumption and coronary heart dis-
ease, alcohol may affect coronary heart
disease by other mechanisms, including
its effects on fibrinolytic activity, coagu-
lation, blood pressure, coronary vasore-
activity, and sociobehavioral factors.5

The beneficial effects ofmoderate al-
cohol intake and its potential for lowering
the risk of coronary heart disease, have
been discussed and debated in several re-
cent articles.43-50 Even if the effect of
moderate alcohol consumption on HDL
cholesterol levels or on the occurrence of
coronary heart disease is likely to be
causal, it is still undesirable to recommend
increased alcohol use as a means of re-
ducing the risk of coronary heart
disease.4648-50 First, it is not clear yet
whether manipulation ofHDL cholesterol
levels would lead to an alteration of cor-
onary heart disease risk. Moreover, heavy
alcohol consumption may have a direct
toxic effect on the myocardium 8,24,51,52
and may cause paroxysmal arrhythmias
or precipitate congestive heart failure.24'52
Blood pressure also increases with in-
creased consumption of alcohol at about
four drinks per day.3,53,54 In a recent re-
port, the increase in both systolic and di-
astolic blood pressure was influenced
more by the frequency of drinking than by
the quantity of alcohol consumed. How-
ever, those who drank less often than
weekly tended to have lower blood pres-
sure than abstainers or those who drank
weekly or more often.55 In a large pro-
spective studyconductedby Colditz, even
moderate alcohol intake was found to be
related to an increased riskofhemorrhagic
stroke.43

Non-coronary heart disease mortal-
ity rates increase with high alcohol
consumption.10'43-50 Women who con-
sume three to nine drinks perweekmaybe
at increased risk of breast cancer.43
Heavier alcohol consumption of more
than two to three drinks per day has been
shown to be related to oral and esophageal
cancer, cirrhosis, and serious liver diseas-
es." The social cost of increased alcohol
consumption, as well as an increase in
road accidents, is considerable.44-56

In view of the independent effects of
smoking and body mass index on HDL
cholesterol levels, it is difficult to recom-
mend preventive measures that include al-
cohol use. Rather, it is suggested that ef-
forts to reduce coronary heart disease
risks concentrate on the cessation of

smoking, weight control, and physical ac-
tivity, known to increaseHDL cholesterol
and enhance health by other means as
well. [1
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