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Abstract

Alcohol may have a beneficial effect on coronary heart disease (CHD) that could be mediated by elevation of high-density lipoprotein
cholesterol (HDLC). Data on alcohol consumption and blood lipids in coronary patients are scarce. We studied whether total ethanol intake
and consumption of specific types of beverages are associated with blood lipids in older subjects with CHD. Blood lipids were measured in
1052 myocardial infarction patients aged 60 to 80 years (78% male). Intake of alcoholic beverages, total ethanol, and macronutrients was
assessed by food frequency questionnaire. Seventy percent of the subjects used lipid-lowering medication. Total cholesterol was on average
5.14 mmol/L, and HDLC was on average 1.28 mmol/L. Among men, total ethanol intake was positively associated with HDLC (difference of
0.094 mmol/L for ≥15 g/d vs 0 g/d, P = .024), whereas the association with HDLC among women was not significant (difference of
0.060 mmol/L for ≥5 g/d vs 0 g/d, P = .560) after adjustment for dietary, lifestyle, and CHD risk factors. Liquor consumption was weakly
positively associated with HDLC in men (P = .045). Beer consumption in men and wine consumption in women were also positively
associated with HDLC, but were not significant in the fully adjusted model. In conclusion, moderate alcohol consumption may elevate
HDLC in treated post–myocardial infarction patients. This may be due to ethanol and not to other beneficial substances in alcoholic
beverages. Based on this finding, further research needs to be done to examine the effects of the residual substances from different types of
alcoholic beverages on HDLC.
© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Coronary heart disease (CHD) is the major cause of
mortality in Western societies, including the Netherlands.
Epidemiologic data suggest a beneficial effect of moderate
alcohol intake on CHD and cardiovascular disease (CVD)
morbidity and mortality, of which the nature is probably
J-shaped [1-4]. Two alcoholic drinks (20-40 g alcohol per
day) could decrease risk of CHD mortality [5-7], whereas
heavy drinking increases risk [8,9]. Individuals with previous
myocardial infarction who consumed moderate amounts of
alcohol had a lower mortality than abstainers [10-12]. The
protective effect of alcohol is most apparent in middle-aged
men and in postmenopausal women with one or more risk
factors for CVDs [1,3,8,11].

There are several plausible mechanisms for the beneficial
effect of moderate drinking on CHD. The effect could be
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mediated by alterations in plasma lipoproteins, particularly
an increase in high-density lipoprotein cholesterol (HDLC)
[5,13-15]. High-density lipoprotein cholesterol is involved in
the transport of excess cellular cholesterol to the liver for
excretion in bile. Individuals who consume alcohol not only
have higher serum levels of HDLC but also have lower levels
of low-density lipoprotein cholesterol (LDLC) than abstai-
ners [16]. The effect of moderate alcohol intake on
triglycerides is small, although elevated triglycerides have
been noted in heavy drinkers [5,17]. Furthermore, alcohol
has a favorable effect on platelet aggregation; and the
fibrinogen concentration in blood is lower in drinkers
compared with abstainers [5,18,19].

It has been suggested that specific alcoholic beverages
have different effects on CHD, indicating that compounds
other than ethanol may be of importance [20-22]. Wine has
received much attention because of the low incidence of
CVD in countries where wine is the predominant alcoholic
beverage [23,24]. Mukamal et al [25], on the other hand,
observed in the Health Professionals Follow-up Study an
inverse association of alcohol consumption with risk of
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myocardial infarction for beer and liquor, the predominant
types of alcoholic beverages consumed by men aged 40 to 75
years old. Data on alcohol consumption in coronary patients
are still scarce. In the present study, we examined the relation
of ethanol intake and the consumption of specific types of
alcoholic beverages with blood lipids in older subjects with
established CHD.
2. Methods

2.1. Study population

For the present cross-sectional analysis, we used baseline
data of the Alpha Omega Trial, an ongoing intervention
study of omega-3 fatty acids (in margarines) and CVD
mortality. In total, 4837 Dutch subjects aged 60 to 80 years
who have a history of myocardial infarction up to 10 years
before entering the study have been enrolled. Subjects were
excluded for the following reasons: living in an institution,
daily margarine intake b10 g, daily fish intake N150 g, use of
omega-3 supplements, life expectancy b1 year, cognitive
decline (as assessed by Mini Mental State Examination score
b22), unintended weight loss of N5 kg in the past year, and
alcohol intake N6 drinks per day. The Alpha Omega Trial
was approved by the Medical Ethics Committee “Zuidwest
Holland,” and all subjects signed informed consent.

The cohort for the present analysis comprises 1049 parti-
cipants who were enrolled during the early phase of the
Alpha Omega Trial in 2002-2003. In addition, we deliber-
ately oversampled subjects who did not use lipid-lowering
medication (n = 151) to be able to examine the relation of
alcohol intake with blood lipids in untreated subjects.
Dietary data were missing for 125 subjects, and blood
samples were missing for 23 subjects. A total of 1052 parti-
cipants remained for the present analysis.

2.2. Assessment of alcohol intake and diet

Alcohol consumption was assessed by means of a 203-
item semiquantitative food frequency questionnaire that
included separate questions for intake of beer, wine, and
liquor. Data were also collected on intake of total energy,
macronutrients, fiber, fruit, vegetables, and fish. All dietary
questionnaires were checked by trained dieticians who
obtained additional information about unclear or missing
data from the participants by telephone. Food data were
converted into nutrient intakes by multiplying the frequency
of use of each food by the portion size and the nutrient content
per gram. Values for nutrient contents of food were obtained
from the NEVO food consumption database 2001 [26].
Participants reported the number of alcoholic beverages they
consumed on a daily or weekly basis in each of 3 categories:
wine (white, rose, red, fortified), liquor (eg, rum, gin, cognac,
whisky, liqueur), and beer (alcohol and alcohol-free). In the
category of beer drinkers, alcohol-free beer and regular beer
consumers were combined because the total number of
alcohol-free beer drinkers was low and most of them also
consumed regular beer. Daily intake of total ethanol was
calculated, which was divided into 4 categories: (1) 0 g, (2)
0.01 to 4.99 g, (3) 5 to 14.99 g, and (4) ≥15 g. Because of
small sample sizes in women, categories 3 and 4 of the daily
intake of ethanol were combined. In addition, daily intake of
beer was categorized as (1) 0 g, (2) 0.01 to 99.99 g, and (3)
≥100 g; wine intake as (1) 0 g, (2) 0.01 to 74.99 g, and
(3)≥75 g; and liquor intake as (1) 0 g, (2) 0.01 to 20.99 g, and
(3)≥21 g. Upper categories correspond to approximately half
a glass of the specific alcoholic beverage [26].

2.3. Assessment of lifestyle and health

Data on lifestyle and health were collected by a self-
administered questionnaire. Subjects were categorized as
current, former, or never smokers. Information about the
highest attained level of education was used as an indicator of
socioeconomic status, which was categorized as low (primary
education or less), intermediate (secondary general or
vocational education), and high (higher vocational education,
university). We considered subjects to be physically active
when they reported 30 minutes of moderate or heavy exercise
per day. Information about lipid-lowering drugs, blood
pressure–lowering drugs, and antidiabetes drugs was
obtained by self-report during the baseline interview. After
1 year of participation, subjects reported by telephone when
they experienced their (most recent) myocardial infarction.

2.4. Physical examination

Physical examination was carried out at baseline by a
trained research nurse at the hospital's cardiology unit or at
the subjects' home. Height and weight were measured, and
body mass index (BMI) was calculated as weight (in
kilograms) divided by height squared (in square meters).
Blood pressure was measured twice with an interval of
15 seconds on the left upper arm using an automatic device
(Omron HEM, Hamburg, Germany) with the participant in a
sitting position. The average value of 2 measurements was
used in the analysis. In case of 3 measurements, the third
measurement was left out of this study. Hypertension was
considered present when the subject had either a systolic
blood pressure of 140 mm Hg or higher, or a diastolic blood
pressure of 90 mm Hg or higher, or when blood pressure–
lowering drugs were used [27].

Three tubes of fasting blood were collected if the
appointmentwas before 10:30 AM.After 10:30 AM, participants
were permitted to consume a light meal; but they were asked to
abstain from smoking and drinking coffee at least up to 1 hour
before venipuncture and blood pressure measurements. The
blood samples were stored at −80°Cwithin 24 hours. Standard
kits (Roche Diagnostics, Basel, Switzerland) were used to
determine levels of total cholesterol (no. 1489232), HDLC
(no. 3038661), triglycerides (no. 1488872), and glucose
(no. 1448668) on an autoanalyzer (Hitachi 912, Roche
Diagnostics). The LDLC was calculated according to the
Friedewald formula, as follows: LDLC = total cholesterol −
HDLC − (triglycerides/2.2) [28]. Hypercholesterolemia was



Table 1
Characteristics of 1052 Dutch subjects aged 60 to 80 years a with a history of
myocardial infarction

Men (n = 817) Women (n = 235)

Age (y) 68.6 ± 5.7 70.3 ± 5.7
BMI (kg/m2) 27.7 ± 3.4 28.7 ± 4.8
Time since last MI (y) 5.4 ± 4.1 4.4 ± 2.7
Smoking status (%)
Current 20.0 17.9
Former 69.2 46.2
Never 10.8 35.9
Educational level (%) b

Low 55.5 61.6
Intermediate 29.2 32.8
High 15.3 5.6
Ethanol consumption per day (%)
Abstainer 16.8 37.9
0-4.99 g 21.9 30.6
5-14.99 g 26.8 20.9
≥15 g 34.5 10.6
Use of alcoholic beverages (%)
Beer 52.6 8.9
Wine 48.7 49.4
Liquor 50.7 25.5
Hypertension (%) c 90.1 93.2
Blood pressure (mm Hg)
Systolic 145 ± 21 144 ± 24
Diastolic 83 ± 11 80 ± 11
Physically active (%) d 31.9 19.0
Diabetes mellitus (%) e 19.6 20.6
Hypercholesterolemia (%) f 92.3 96.6
Use of lipid-lowering medication 70.4 69.8
Serum lipids (mmol/L)
Total cholesterol 5.05 ± 0.94 5.47 ± 1.02
HDLC 1.23 ± 0.32 1.43 ± 0.38
LDLC 2.94 ± 0.86 3.07 ± 0.92
Triglycerides 1.93 ± 1.00 2.14 ± 1.32

Values are mean ± SD, percentage, or median (Q1-Q3). MI indicates
myocardial infarction.

a Including the 151 oversampled subjects.
b Low: primary education or less; intermediate: secondary general or

vocational education; high: higher vocational education, university.
c Self-reported hypertension, blood pressure level ≥140/90 mm Hg, or

use of blood pressure–lowering medication.
d Defined as ≥30 minutes a day of moderate or heavy physical activity.
e Self-reported diabetes mellitus, fasting glucose concentrations ≥6.1

mmol/L or nonfasting glucose concentrations ≥7.8 mmol/L (2-hour
postload glucose), or use of antidiabetes medication.

f Serum total cholesterol concentration ≥5.0 mmol/L or use of lipid-
lowering medication.
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considered present when serum cholesterol was ≥5.0 mmol/L
or when lipid-lowering medication was used [27]. Diabetes
mellitus was defined by using antidiabetes drugs or fasting
plasma glucose level of ≥6.1 mmol/L. In nonfasting
participants, a glucose level higher than 7.8 mmol/L (2-hour
postload glucose) was used as a cutoff value for diabetes
mellitus [27].

2.5. Statistical analysis

Subject characteristics were analyzed in categories of
alcoholic beverages, using analysis of variance. Means and
standard deviations (SDs) or percentages were obtained for
continuous and categorical variables, respectively. Skeweddata
are presented as median with interquartile range (Q1-Q3). The
analyses were conducted separately for men and women
because of large differences in total ethanol intake and preferred
alcoholic beverages. Because the distribution of triglycerides
was skewed, a natural log transformation was used in statistical
analysis. Partial correlations, adjusted for age, sex, and total
energy intake, were computed between alcohol consumption
and blood lipids to identify potential confounders.

The association between categories of total ethanol intake
and blood lipids was studied in a linear regression model with
adjustment for age and energy (model 1). The blood lipid
levels (total cholesterol, LDLC, HDLC, and triglycerides) in
each category of total ethanol intake were compared with lipid
levels in abstainers (reference group). In the second model,
lifestyle factors and CHD risk factors were added, namely,
BMI, smoking status, socioeconomic status, use of lipid-
lowering medication, presence of diabetes, presence of
hypertension, and level of physical activity. Finally, analyses
were repeated after adjustment for dietary intake of total fat,
saturated fat, fiber, carbohydrates, cholesterol, fruit, vegeta-
bles, and fish (model 3). We examined whether there was a
linear trend in the relation of total ethanol intake with serum
lipids by entering the median ethanol values within the
categories into the multivariate model. Similarly, the associa-
tion of specific types of alcoholic beverages (beer/wine/
liquor) with blood lipids was analyzed in relation to blood
lipids. In these analyses, additional adjustment was made for
the other types of alcoholic beverages but not for total ethanol
intake. Because of possible effect modification by using lipid-
lowering medication, the analyses were stratified by lipid-
lowering treatment. The associations are expressed as
regression coefficients with standard errors. P values ≤ .05
were considered statistically significant. The statistical
analysis of the data was performed using the statistical
software program SPSS 12.0.1 (SPSS, Chicago, IL).
3. Results

Baseline characteristics of the study population are
presented in Table 1. The study comprised 817 men (78%)
with a mean age of 68.6 years (SD 5.7) and 235 women with
a mean age of 70.3 (5.7) years. The percentage of drinkers
was higher among men (83%) than among women (62%).
Thirty-five percent of men consumed 15 g ethanol or more
per day, whereas this was 11% in women. The average daily
amount of alcohol consumed by drinkers was also higher in
men than in women (14.3 vs 6.2 g, respectively). Men
predominantly consumed beer (53%), followed by liquor
(51%) and wine (49%), whereas women mainly consumed
wine (49%). Around half of the participants had a total
cholesterol level of 5 mmol/L or higher. The HDLC was
lower in men than in women (1.23 vs 1.43 mmol/L,
respectively). Serum triglycerides and LDLC did not differ
between men and women. Seventy percent of the population
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used lipid-lowering medication, whereas in the population
without oversampling, 78% used lipid-lowering medication.
Treated subjects had lower levels of total cholesterol
(5.2 mmol/L) and LDLC (3.0 mmol/L) than untreated
subjects (5.8 and 3.6 mmol/L, respectively).

General characteristics of the cohort by type of alcoholic
beverage are presented in Table 2. Drinkers of beer, wine,
and liquor did not largely differ from abstainers. However,
drinking wine seemed to be associated with a healthier
dietary pattern reflected by a slightly higher intake of fruit,
vegetables, and fish and a slightly lower intake of saturated
fat. Abstainers had lower serum HDLC and higher serum
triglycerides than alcohol drinkers.

Table 3 (men) and Table 4 (women) present regression
coefficients for total ethanol intake in relation to blood lipids,
adjusted for confounders. The relation of total ethanol intake
with blood lipids was generally more pronounced in women
than in men after multivariable adjustment, but estimates for
HDLC and LDLC in women were not statistically
significant. In HDLC, an increase of 0.094 mmol/L was
observed for male alcohol drinkers who consumed ≥15 g
ethanol per day compared with abstainers after controlling
for dietary, lifestyle, and CHD risk factors. In women,
ethanol intake was positively associated with HDLC; but the
association disappeared in the fully adjusted model. After
adjustment for age and energy, an inverse association was
observed between total ethanol intake and triglycerides in
men. Further adjustment (model 2 and model 3) for lifestyle
factors, CHD risk factors, and dietary factors attenuated this
Table 2
Selected characteristics of 817 male coronary patients aged 60 to 80 years a, accor

Abstainers
(n = 137)

Beer (n

Age (y) 69.4 ± 5.8 68.1 ±
BMI (kg/m2) 27.9 ± 3.7 27.7 ±
Current smoking (%) 26 18
Higher education (%) c 7 18
Dietary intake
Total energy (kJ/d) 7541 ± 1992 8426 ±
Carbohydrates (g/d) 218 ± 67 228 ±
Protein (g/d) 68 ± 19 71 ±
Fat (g/d) 72 ± 28 76 ±
Saturated fat (g/d) 29 ± 14 29 ±
Monounsaturated fat (g/d) 22 ± 8 24 ±
Polyunsaturated fat (g/d) 15 ± 7 16 ±
Cholesterol (mg/d) 162 ± 66 179 ±
Fruit and vegetables (g/d) 260 ± 169 261 ±
Fish (g/d) 15 ± 18 16 ±
Fiber (g/d) 20 ± 7 20 ±
Blood lipids (mmol/L)
Total cholesterol 4.94 ± 1.03 5.13 ±
HDLC 1.14 ± 0.29 1.27 ±
LDLC 2.85 ± 0.93 3.01 ±
Triglycerides 2.10 ± 1.14 1.89 ±

Values are mean ± SD, percentage, or median (Q1-Q3).
a Including the oversampled subjects.
b Drinking categories show overlap because one subject may consume differ
c Higher vocational education, university.
association. Women who consumed ≥15 g ethanol per day
had significantly lower LDLC (−0.145 mmol/L), higher
HDLC (0.212 mmol/L), and higher total cholesterol
(0.152 mmol/L) (data not shown) than men (0.090, 0.094,
and 0.111 mmol/L, respectively).

The associations of specific alcoholic beverages with
HDLC in men are shown in Table 5. Wine consumption was
positively associated with total cholesterol, LDLC, and
triglycerides after age and energy adjustment; but no
associations were found after further adjustment (data not
shown). After controlling for the dietary, lifestyle, and CHD
risk factors, a weak positive association with HDLC was
observed for men who consumed ≥21 g of liquor per day
compared with abstainers (difference of 0.058 mmol/L for
≥21 g/d vs 0 g/d, P = .045). In the fully adjusted model, beer
consumption in men showed a positive, borderline-signifi-
cant association with HDLC (difference of 0.073 mmol/L for
≥100 g/d vs 0 g/d, P = .066). In women, wine consumption
appeared to be positively associated with HDLC, although
this association did not reach statistical significance and was
strongly attenuated after controlling for nutritional confoun-
ders (data not shown). No associations between beer or
liquor intake and blood lipids were found in women.

Stratified analysis by use of lipid-lowering medication
showed that differences in blood lipid levels over the
categories of alcohol consumption were present in both
treated (n = 739) and untreated subjects (n = 313) (data not
shown). In linear regression analysis adjusted for age; BMI;
and lifestyle, dietary, and CHD risk factors, the difference in
ding to intake of different alcoholic beverages

Drinkers (n = 680) b

= 430) Wine (n = 398) Liquor (n = 414)

5.4 68.3 ± 5.5 68.6 ± 5.5
3.4 27.2 ± 3.2 27.7 ± 3.3

13 20
23 16

1994 8438 ± 2011 8385 ± 1988
64 231 ± 63 225 ± 63
18 71 ± 17 71 ± 18
26 74 ± 25 76 ± 25
11 27 ± 10 28 ± 11
9 24 ± 9 24 ± 8
7 16 ± 7 16 ± 7
63 173 ± 60 179 ± 63
177 288 ± 170 269 ± 163
14 18 ± 14 16 ± 13
7 21 ± 7 20 ± 6

0.91 4.99 ± 0.86 5.08 ± 0.91
0.33 1.26 ± 0.31 1.27 ± 0.33
0.86 2.91 ± 0.79 2.96 ± 0.84
0.95 1.81 ± 0.91 1.87 ± 0.91

ent types of alcohol.



Table 3
Regression coefficients a for the association between total ethanol intake and serum blood lipids in 817 male coronary patients b

Total ethanol intake (g/d) P for trend f

0 (n = 137) 0.01-4.99 (n = 179) 5-14.99 (n = 219) ≥15 (n = 282)

Total cholesterol (mmol/L)
Model 1 c Ref 0.040 (0.114) 0.095 (0.109) 0.133 (0.107) .21
Model 2 d Ref −0.014 (0.104) 0.120 (0.101) 0.142 (0.099) .09
Model 3 e Ref −0.010 (0.106) 0.123 (0.107) 0.111 (0.144) .43
HDLC (mmol/L)
Model 1 c Ref −0.024 (0.038) 0.112 (0.037) 0.172 (0.036) b.001
Model 2 d Ref −0.039 (0.038) 0.087 (0.036) 0.150 (0.036) b.001
Model 3 e Ref −0.036 (0.038) 0.072 (0.038) 0.094 (0.052) .024
LDLC (mmol/L)
Model 1 c Ref 0.082 (0.104) 0.139 (0.100) 0.076 (0.097) .84
Model 2 d Ref 0.020 (0.094) 0.145 (0.090) 0.065 (0.089) .66
Model 3 e Ref 0.031 (0.095) 0.167 (0.096) 0.090 (0.129) .67
Triglycerides (mmol/L)
Model 1 c Ref −0.006 (0.024) −0.063 (0.023) −0.050 (0.022) .04
Model 2 d Ref 0.006 (0.023) −0.042 (0.022) −0.030 (0.022) .14
Model 3 e Ref 0.002 (0.023) −0.042 (0.023) −0.025 (0.031) .50

Ref indicates reference category (abstinence).
a Regression coefficients denote the adjusted difference in serum blood lipids (in millimoles per liter) compared with abstainers (reference group).
b Including the oversampled subjects.
c Adjusted for age and total energy intake.
d Adjusted for age, total energy intake, smoking, socioeconomic status, use of lipid-lowering medication, diabetes mellitus, hypertension, and physical

activity.
e As model 2, with additional adjustment for dietary intake of total fat, saturated fat, fiber, carbohydrates, cholesterol, fruit, vegetables, and fish.
f P for trend refers to a linear trend in regression coefficients across increasing categories of total ethanol intake by treating the median of each category as a

categorical variable.
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HDLC between increasing categories of total ethanol intake
and abstainers was higher among untreated subjects than
among treated subjects. In untreated subjects who consumed
≥15 g ethanol per day, an increase of 0.212 mmol/L was
observed compared with abstinence (test for trend, P = .026).

4. Discussion

In this analysis of (mainly treated) coronary patients, we
found a positive and significant association between total
ethanol intake and HDLC in men. The HDLC was
0.094 mmol/L higher in men who consumed more than
15 g of ethanol per day compared with abstainers. A weak
but positive association was found between liquor intake and
HDLC in men. Beer consumption in men and wine
consumption in women were also positively associated
with HDLC, but these associations did not reach statistical
significance in the fully adjusted model. There was no
association between alcohol consumption and total choles-
terol, LDLC, and triglycerides.

To the best of our knowledge, data on the relationship
between alcohol intake and cardiovascular risk factors in
coronary patients are scanty. Using the extensive data set of
the Alpha Omega Trial, we were able to examine habitual
alcohol use in relation to blood lipids in post–myocardial
infarction patients, with adjustment for a large number of
potential confounders. Associations between specific types
of alcoholic beverages and blood lipids were simultaneously
adjusted for intake of other types of alcoholic beverages,
which is considered an appropriate method [29]. Our study
also had limitations. The cross-sectional design does not
allow inference on causal associations. Coronary patients
may have changed their drinking habits after they experi-
enced a myocardial infarction. If they decided to consume
less alcohol, this would have attenuated the association with
HDLC and biased the effect toward the null. However, these
participants had their last myocardial infarction approxi-
mately 4 to 5 years ago and are considered as stable patients.
An alteration in drinking habits would change HDLC levels
in approximately 4 weeks [5]. We relied on alcohol
consumption by self-reporting; and heavy drinkers may
have underreported their drinking habits, which could also
have weakened the associations. In this study, a food
frequency questionnaire was used in which participants
reported consumption of alcohol during the previous month.
Drinking habits among older subjects are considered to be
generally stable over time [1]. We examined the effect of
mean alcohol consumption in this study, as detailed
information on drinking patterns was not available. There-
fore, we could not make a distinction between regular use,
occasional use, and binge drinking. The number of binge
drinkers however is likely to be small in our study because
patients who drank more than 6 glasses per day were
excluded from the Alpha Omega Trial. Therefore, in this
study, the association of heavy alcohol use with blood lipids
could not be studied. In addition, it should be noted that
abstainers may contain “sick quitters,” that is, people who
stopped drinking because of illness or interaction with the



Table 4
Regression coefficients a for the association between total ethanol intake and
serum blood lipids in 235 female coronary patients b

Total ethanol intake (g/d) P for
trend f

0 (n = 89) 0.01-4.99 (n = 72) ≥5 (n = 74)

Total cholesterol (mmol/L)
Model 1 c Ref 0.232 (0.167) 0.320 (0.168) .092
Model 2 d Ref 0.203 (0.153) 0.434 (0.156) .008
Model 3 e Ref 0.174 (0.158) 0.270 (0.204) .224
HDLC (mmol/L)
Model 1 c Ref 0.109 (0.062) 0.233 (0.062) b.001
Model 2 d Ref 0.096 (0.062) 0.211 (0.063) .002
Model 3 e Ref 0.076 (0.062) 0.060 (0.080) .560
LDLC (mmol/L)
Model 1 c Ref 0.028 (0.152) 0.149 (0.153) .311
Model 2 d Ref −0.024 (0.137) 0.201 (0.139) .102
Model 3 e Ref −0.020 (0.140) 0.157 (0.180) .342
Triglycerides (mmol/L)
Model 1 c Ref 0.014 (0.035) −0.027 (0.035) .333
Model 2 d Ref 0.030 (0.035) 0.004 (0.035) .897
Model 3 e Ref 0.031 (0.036) 0.017 (0.046) .798

Ref indicates reference category (abstinence).
a Regression coefficients denote the adjusted difference in serum blood

lipids (in millimoles per liter) compared with abstainers (reference group).
b Including the oversampled subjects.
c Adjusted for age and total energy intake.
d Adjusted for age, total energy intake, smoking, socioeconomic status,

use of lipid-lowering medication, diabetes mellitus, hypertension, and
physical activity.

e As model 2, with additional adjustment for dietary intake of total fat,
saturated fat, fiber, carbohydrates, cholesterol, fruit, vegetables, and fish.

f P for trend refers to a linear trend in regression coefficients across
increasing categories of total ethanol intake by treating the median of each
category as a categorical variable.

Table 5
Regression coefficients a for the association between intake of alcoholic
beverages and HDLC in 817 male coronary patients b

Categories of intake (g/d) P for trend f

Beer 0 0.01-99.99 ≥100
n 387 297 133
Model 1 c Ref 0.050 (0.026) 0.127 (0.035) .001
Model 2 d Ref 0.044 (0.026) 0.135 (0.034) b.001
Model 3 e Ref 0.030 (0.026) 0.073 (0.038) .066
Wine 0 0.01-74.99 ≥75
n 419 214 184
Model 1 c Ref 0.033 (0.029) 0.056 (0.031) .077
Model 2 d Ref 0.009 (0.029) 0.033 (0.032) .294
Model 3 e Ref −0.003 (0.029) −0.043 (0.038) .248
Liquor 0 0.01-20.99 ≥21
n 403 184 230
Model 1 c Ref 0.011 (0.030) 0.109 (0.028) b.001
Model 2 d Ref 0.003 (0.030) 0.108 (0.028) b.001
Model 3 e Ref −0.010 (0.030) 0.058 (0.032) .045

Ref indicates reference category (zero use of specific alcoholic beverage).
a Regression coefficients denote the adjusted difference in serum

HDLC level (in millimoles per liter) compared with the level in abstainers
(reference group).

b Including the oversampled subjects.
c Adjusted for age and total energy intake.
d Adjusted for age, total energy intake, smoking, socioeconomic status,

use of lipid-lowering medication, diabetes mellitus, hypertension, and
physical activity.

e As model 2, with additional adjustment for dietary intake of total fat,
saturated fat, fiber, carbohydrates, cholesterol, fruit, vegetables, and fish.

f P for trend refers to a linear trend in regression coefficients across
categories of alcoholic beverages by entering the median value within each
category into the multivariable model.
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prescribed medication [4]. This may also have diluted the
associations toward the null in this study. Alcohol consump-
tion is likely to be related to other lifestyle factors that affect
blood lipids, such as physical activity. Adjustment for self-
reported physical activity did not modify the observed
relation between ethanol intake and HDLC. However, we
used a relatively crude way to assess physical activity; and
therefore, we cannot fully exclude residual confounding due
to this factor. With regard to our findings in women, it should
be emphasized that the sample size was relatively small
(n = 235); and therefore, the associations need to be
interpreted with caution.

The results of our study are consistent with other
epidemiologic studies describing a positive relation between
light-to-moderate alcohol consumption and HDLC [5,15-
17,30-32]. In a study among 340 coronary patients (78%
men) younger than 76 years [13], alcohol consumption was
positively associated with HDLC, whereas there was no
relation with total cholesterol, LDLC, or triglycerides.
Similar results were found in subjects who were on lipid-
lowering medication, indicating that alcohol intake
increased HDLC also in adjunct to treatment. A meta-
analysis showed that consumption of 30 g of ethanol per
day increased HDLC more than gemfibrozil, a medication
used to treat people with low HDLC [5]. The beneficial
effect of moderate alcohol consumption on HDLC was most
apparent among older coronary patients. In middle-aged men
who are moderate drinkers, the inverse association between
alcohol consumption and CHD mortality can largely be
explained by effects on HDLC [33]. In the Physicians' Health
Study, middle-aged men (mean age, 63 years) with a history
of myocardial infarction who consumedmoderate amounts of
alcohol had a lower all-cause mortality. We found a
significant association between liquor consumption and
HDLC in men [10]. This is in line with the Health
Professionals Follow-up study among 38 077 men aged 40
to 75 years who were free of CVD. In these subjects, who
mainly consumed liquor and beer, alcohol consumption was
inversely associated with risk of myocardial infarction [25].
These findings and our result support the hypothesis that the
beverage most widely consumed by a given population is the
one most likely to be positively associated with HDLC
simply because of the maximum variation in alcohol
consumption from specific types of drinks [34].

Several mechanisms have been proposed to explain the
beneficial effect of alcohol consumption on HDLC. Some
previous studies suggested that alcohol increased the
subfractions HDL2 and HDL3 [13,35]. Both subfractions
have been inversely related to risk of myocardial infarction
[13]. Alcohol may also affect hemostasis [5,18,19] and
insulin resistance [36].
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In summary, we found a positive relationship of
ethanol intake with HDLC levels in male coronary patients,
most of whom were on lipid-lowering treatment. With regard
to specific types of alcohol, we found a weak and positive
relationship between liquor and beer consumption and
HDLC in men and wine consumption and HDLC in
women. These results suggest that the beneficial effect of
alcohol consumption on HDLC may be explained by ethanol
and not by other beneficial substances in specific types of
alcoholic beverages. Based on this finding, further research
needs to be done to examine the effects of the residual
substances from different types of alcoholic beverages
on HDLC.
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