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ABSTRACT

Background A polymorphism in the gene for alco-
hol dehydrogenase type 3 (ADH3) alters the rate of al-
cohol metabolism. We investigated the relation among
the ADH3 polymorphism, the level of alcohol con-
sumption, and the risk of myocardial infarction in a
nested case—control study based on data from the pro-
spective Physicians’ Health Study.

Methods We identified 396 patients with eligible
newly diagnosed cases of myocardial infarction among
men in the Physicians’ Health Study. Of these patients,
374 were matched with 2 randomly selected control
subjects each and the remaining 22 with 1 control
each (total, 770 controls). The ADH3 genotype (v,y,
Y172 OF 7¥,7,) was determined in all subjects. We ex-
amined the relations among the level of alcohol in-
take, the ADH3 genotype, and plasma high-density
lipoprotein (HDL) levels in this study population and
in a similar cohort of women.

Results As compared with homozygosity for the
allele associated with a fast rate of ethanol oxidation
(yv,), homozygosity for the allele associated with a slow
rate of ethanol oxidation (y,) was associated with a
reduced risk of myocardial infarction (relative risk, 0.65;
95 percent confidence interval, 0.43 to 0.99). Moderate
alcohol consumption was associated with a decreased
risk of myocardial infarction in all three genotype
groups (y,y, v:17» @and v,v,); however, the ADH3 gen-
otype significantly modified this association (P=0.01
for the interaction). Among men who were homozy-
gous for the vy, allele, those who consumed at least
one drink per day had a relative risk of myocardial in-
farction of 0.62 (95 percent confidence interval, 0.34
to 1.13), as compared with the risk among men who
consumed less than one drink per week. Men who
consumed at least one drink per day and were ho-
mozygous for the v, allele had the greatest reduction
in risk (relative risk, 0.14; 95 percent confidence inter-
val, 0.04 to 0.45). Such men also had the highest plas-
ma HDL levels (P for interaction = 0.05). We confirmed
the interaction among the ADH3 genotype, the level of
alcohol consumption, and the HDL level in an inde-
pendent study of postmenopausal women (P=0.02).

Conclusions Moderate drinkers who are homozy-
gous for the slow-oxidizing ADH3 allele have higher
HDL levels and a substantially decreased risk of my-
ocardial infarction. (N Engl J Med 2001;344:549-55.)
Copyright © 2001 Massachusetts Medical Society.
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N epidemiologic studies, moderate consumption
of alcohol is consistently associated with a re-
duced risk of myocardial infarction; however, the
mechanism underlying this association is un-
clear.¢ Some have suggested that the apparent benefit
may reflect socioeconomic or lifestyle factors correlat-
ed with alcohol consumption, or it may be due to con-
stituents of alcoholic beverages other than ethanol.

The pharmacokinetics of alcohol metabolism has
been well studied. The class I alcohol dehydrogenase
(ADH) isoenzymes, encoded by ADHI, ADH2, and
ADH3, oxidize ethanol and other small, aliphatic al-
cohols.”8 ADH?2 and ADH3 have polymorphisms that
produce isoenzymes with distinct kinetic properties;
to date, no functional polymorphisms have been iden-
tified in ADH17 Among white populations, variant
alleles are relatively uncommon at the ADH?2 locus
(they are present in less than 10 percent of the popu-
lation) but common at the ADH3 locus (present in
40 to 50 percent).” At the ADH3 locus, the v, allele
differs from the vy, allele by two amino acids at po-
sitions 271 and 349.° Pharmacokinetic studies show
a 2.5-fold difterence in the maximal velocity of ethanol
oxidation between the homodimeric 7y, isoenzyme
(associated with a fast rate) and the homodimeric v,
isoenzyme (associated with a slow rate).”

This difference is thought to affect the rate of ox-
idation of blood ethanol,” although the ADH3 poly-
morphism had no apparent effect on blood alcohol
levels in a short-term study of high-dose alcohol con-
sumption in humans.!® Epidemiologic studies have
associated the ADHS3 polymorphisms with alcohol-
associated diseases, such as alcoholism (vy,y,),!! alco-
hol-related end-organ damage (vy,7y,),!? and oropharyn-
geal cancer (y,7y,).13

We evaluated the hypothesis that the effect of mod-
erate alcohol consumption on the risk of myocardial
infarction would vary according to the ADH3 geno-
type. In addition, we assessed the relation among the
ADH3 genotype, the level of alcohol consumption,
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and plasma levels of high-density lipoproteins (HDLs)
in a group of men and in a similar cohort of women.

METHODS
Study Design

In 1982, the Physicians’ Health Study commenced as a random-
ized, double-blind, placebo-controlled trial of aspirin and beta car-
otene among 22,071 U.S. male physicians between the ages of 40
and 84 years who had no history of myocardial infarction or stroke.!4
Informed consent was obtained from all subjects, and the research
protocol was approved by the institutional review board at Brigham
and Women’s Hospital in Boston. Before randomization, each sub-
ject was asked to provide a blood sample. Specimens were received
from 14,916 (68 percent) of the physicians, who form the base-line
cohort for this study; collection methods have been described else-
where.!® At the time of blood sampling, information was also col-
lected on risk factors for cardiovascular discase.

The men were followed by means of annual mailed question-
naires. We sought the medical records of all men who reported a
myocardial infarction so as to confirm that the event met World
Health Organization criteria.'® Sudden deaths that were not con-
firmed as being due to coronary disease and silent infarcts were ex-
cluded. We routinely obtained information on the cause of death
from death certificates, medical records, and autopsy reports. Fol-
low-up data on fatal and nonfatal outcomes were obtained for 99
percent of the subjects.

By 1994, 396 men with eligible cases of myocardial infarction had
been identified. We attempted to match each patient to two control
subjects who were free of myocardial infarction at the time of the
diagnosis of myocardial infarction in the patient. Control subjects
were randomly selected from among the subjects who sent blood
samples and were matched to the patient for age (within one year),
smoking status (never smoked, past smoking, or current smoking),
and time since randomization (according to six-month intervals).
Controls were selected randomly from the same population from
which the patients were derived in order to minimize the chance of
false positive results due to population stratification (i.c., the selec-
tion of controls from a population with a different prevalence of
alleles than that of the population of patients). In the case of 22
patients, we could identify only 1 control who met the matching
criteria, yielding a total of 1166 subjects (396 patients and 770
controls).

We assessed the relation among the ADH3 genotype, the level
of alcohol consumption, and plasma levels of HDL in an independ-
ent study of 325 postmenopausal women who were not taking hor-
mone-replacement therapy. These women were participants in a
nested case—control study of breast cancer among the 33,826 sub-
jects in the Nurses” Health Study who had donated blood in the pe-
riod from 1989 through 1990, as described elsewhere.!”?

Laboratory Analysis

We used the polymerase-chain-reaction assay and restriction-frag-
ment—length polymorphism analysis to determine in a blinded fash-
ion the ADH3 genotype of each subject.!® Both negative and pos-
itive controls were included. Total cholesterol and HDL cholesterol
were measured in the Lipid Research Laboratory of Brigham and
Women’s Hospital, as described previously.!

Statistical Analysis

We used a chi-square test to determine whether the ADH3 gen-
otypes were in Hardy—Weinberg equilibrium.?® We used condition-
al logistic regression to estimate the multivariate relative risks (and
95 percent confidence intervals) of myocardial infarction associated
with alcohol intake and the three ADH3 genotypes. To control for
potential confounding, we adjusted for the following risk factors for
myocardial infarction in the multivariate models: level of alcohol
consumption (<1 drink [approximately 14 g of alcohol] per week,
=1 drinks per week but <1 drink per day, or =1 drinks per day);
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body-mass index (defined as the weight in kilograms divided by the
square of the height in meters) (<23.01, >23.01 to 24.40, >24.40
to 26.40, or >26.40); frequency of vigorous (enough to work up a
sweat) physical activity (<1, 1 to 4, or =5 times per week); pres-
ence or absence of hypertension, diabetes, and angina at the time
of enrollment; presence or absence of a history of myocardial in-
farction in a parent before the age of 60 years; and presence or ab-
sence of random assignment to aspirin use. Six subjects (four pa-
tients and two control subjects) who were taking medication for
high cholesterol levels were excluded from all the analyses, and six
subjects (one patient and five control subjects) with missing infor-
mation on alcohol consumption were excluded from the analyses
that pertained to alcohol.

We also used conditional logistic regression to assess whether the
ADH3 genotypes modified the relation between the level of alco-
hol consumption and the risk of myocardial infarction by including
interaction terms for each category of alcohol consumption and each
ADH3 genotype. To test for interactions between the level of alco-
hol consumption and the ADH3 genotype, we used a likelihood-
ratio test to compare nested models that included terms for all com-
binations of the ADH3 genotype and levels of alcohol consumption
with models without such terms. The P value for trend was based
on the Wald test.

We also assessed whether the ADH3 genotype modified the re-
lation between the level of alcohol consumption and HDL levels.
We used mixed regression models to calculate the mean adjusted
HDL levels. One patient whose HDL level was more than three in-
terquartile ranges above the median was excluded. In addition to the
previously mentioned risk factors for myocardial infarction, we also
adjusted for age (as a continuous variable) and smoking status
(never, past, or current). For the analyses of 325 women from the
Nurses’ Health Study, we adjusted for age (<61.5 or =61.5 years),
body-mass index (<22, 22 to <25, 25 to <29, or =29), whether
or not blood had been obtained after an overnight fast, whether or
not hormone-replacement therapy had been used in the past, and
pack-years of smoking (to 1990). Because the average levels of al-
cohol consumption were lower among the women than among
the men, the categories of alcohol consumption were dichotomized
(<half a drink per day [<7 g per day] or =half a drink per day
[=7 g per day]). Tests for interaction and trend were determined
as described previously.

RESULTS

As compared with the control subjects, patients who
had had a myocardial infarction had a higher preva-
lence of diabetes (P=0.01), angina (P<<0.001), and
hypertension (P<<0.001) and were more likely to have
a parent who had had a myocardial infarction before
the age of 60 years (P=0.05). In addition, patients
consumed less alcohol (P=0.02), participated less of-
ten in vigorous exercise (P=0.002), and had higher
total cholesterol levels (P<<0.001) and lower HDL lev-
els (P<0.001).

Among the 14,916 study subjects who provided
blood at base line, 93 percent were white. The fre-
quencies of ADH3 alleles among the control subjects
in this study population were 60 percent for the v,
allele and 40 percent for the vy, allele, results that
were consistent with previously reported estimates for
whites.” The distribution of ADH3 genotypes among
the controls was in Hardy—Weinberg equilibrium (P=
0.47). The percentage of controls in each genotype
subgroup who consumed at least one drink per day
was similar: 30 percent among those who were homo-
zygous for the vy, allele (vy,7,), 32 percent among those
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who were heterozygous (7,7,), and 29 percent among
those who were homozygous for the vy, allele (y,v,).

As previously reported in this cohort, we found a
lower risk of myocardial infarction among men who
consumed alcohol daily than among those with lower
levels of alcohol intake.? As compared with men who
consumed less than one drink per week, men who
consumed at least one drink per week but less than
one drink per day had a multivariate relative risk of
myocardial infarction of 0.96 (95 percent confidence
interval, 0.70 to 1.32) and men who consumed at least
one drink per day had a risk of 0.62 (95 percent con-
fidence interval, 0.43 to 0.91) (P for trend=0.02).

We observed a reduction in the risk of myocardial
infarction among men with at least one v, allele. As
compared with men who were homozygous for the
v, allele, men who were heterozygous had a multivari-
ate relative risk of 0.83 (95 percent confidence inter-
val, 0.62 to 1.11) and men who were homozygous for
the 7, allele had a risk of 0.65 (95 percent confidence
interval, 0.43 to 0.99) (Table 1). In the multivariate
analysis, the trend toward a decreasing relative risk
from the 7,7y, group to the y,y, group was statisti-
cally significant (P for trend=0.04). The multivariate
relative risks were not affected by adjustment for the
level of alcohol consumption.

The ADHS3 genotype significantly modified the ef-
fect of the level of alcohol consumption on the risk of
myocardial infarction (P=0.01 by the likelihood-ratio
test) (Table 2). As compared with the reference group

of men who consumed less than one drink per week
and who were homozygous for the v, allele, men who
consumed one or more drinks per day had a reduced
risk of myocardial infarction regardless of their ADH3
genotype. However, the reduction in risk was largest
(86 percent) among the subgroup of men who drank
daily and who were homozygous for the vy, allele (mul-
tivariate relative risk, 0.14; 95 percent confidence in-
terval, 0.04 to 0.45). A reduction in the risk of myo-
cardial infarction was also observed in the subgroup
of men who consumed less than one drink per week
and who were homozygous for the v, allele; however,
this reduction was not statistically significant (multi-
variate relative risk, 0.59; 95 percent confidence inter-
val, 0.28 to 1.23; P=0.16). When the level of alcohol
consumption was dichotomized (=1 drinks per day
or <1 drink per day), the risk of myocardial infarction
was lowest among the men who consumed at least one
drink per day and who were homozygous for the v,
allele (Fig. 1).

There was no evidence to suggest a three-way inter-
action among the ADH3 genotype, the level of alco-
hol consumption, and the use of aspirin treatment on
the risk of myocardial infarction among the patients in
whom a myocardial infarction occurred before January
1988, when the aspirin component of the trial was ter-
minated (and their matched controls) (P=0.60).

We also assessed the relation among ADH3 geno-
type, the level of alcohol consumption, and plasma lev-
els of HDL among 385 patients and 385 controls;

TABLE 1. RELATIVE RISKS OF MYOCARDIAL INFARCTION ACCORDING TO
THE ADH3 GENOTYPE.

p
VARIABLE ADH3 GENOTYPE VALUE*
RARAN MY Y272
No. of subjects (%)
Patients 161 (41) 184 (46) 51 (13)
Controls 279 (36) 361 (47) 130 (17)
Relative risk (95% CI)t
Matched 1.0% 0.90 (0.69-1.17) 0.72 (0.50-1.05) 0.09
Multivariate 1.0f 0.81 (0.61-1.09) 0.64 (0.43-0.98) 0.03
Multivariate, with adjustment  1.0% 0.83 (0.62-1.11) 0.65 (0.43-0.99) 0.04

for alcohol consumption§

*The P value is for the test for trend.

1In the matched analysis, patients and controls were matched for age (within one year), smoking
status (never smoked, past smoking, or current smoking), and time since randomization (in six-
month intervals). In the multivariate analyses, in addition to adjustment for age, smoking status, and
time since randomization, the analyses were adjusted for body-mass index (<23.01, >23.01 to 24.40,
>24.40 to 26.40, or >26.40), frequency of vigorous physical activity (<1, 1 to 4, or =5 times per
week), presence or absence of a family history of myocardial infarction, presence or absence of ran-
dom assignment to aspirin use, and presence or absence of a history of hypertension, diabetes, and
angina at enrollment. Four patients and two controls who were taking medication for high cholesterol
levels were excluded. CI denotes confidence interval.

$This group served as the reference group.

§The categories of alcohol consumption were as follows: <1 drink per week, =1 drinks per week
but <1 drink per day, and =1 drinks per day. One patient and five controls were excluded because
of missing information on alcohol consumption.
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TABLE 2. RELATIVE RISKS OF MYOCARDIAL INFARCTION ACCORDING TO
THE ADH3 GENOTYPE AND THE LEVEL OF ALCOHOL CONSUMPTION.*

LEVEL OF ALCOHOL

CONSUMPTION ADH3 GENOTYPE
NN N2 Y272

<1 Drink per week
No. of patients 50 50 17
No. of controls 78 82 43
Relative risk (95% CI)t

Matched 1.0% 0.96 (0.58-1.61) 0.66 (0.34-1.31)

Multivariate 1.0% 1.01 (0.58-1.75) 0.59 (0.28-1.23)

=1 Drinks per week but
<1 drink per day

No. of patients 80 82 29
No. of controls 115 163 49
Relative risk (95% CI)t

Matched 1.06 (0.66-1.69) 0.77 (0.49-1.21) 0.97 (0.55-1.72)

Multivariate 1.11 (0.67-1.84) 0.66 (0.40-1.08) 1.02 (0.55-1.88)

=1 Drinks per day

No. of patients 30 52 5
No. of controls 84 114 37
Relative risk (95% CI)t

Matched 0.55 (0.31-0.97) 0.72 (0.44-1.18) 0.23 (0.08-0.62)

Multivariate 0.62 (0.34-1.13) 0.68 (0.40-1.15) 0.14 (0.04-0.45)

*P=0.01 by the likelihood ratio test for the interaction between the ADH3 genotype and the level
of alcohol consumption after adjustment for the factors used for matching and the listed risk factors.

1One patient and five control subjects were excluded because of missing data on alcohol consump-
tion. In the matched analysis, patients and controls were matched for age (within one year), smoking
status, and time since randomization (in six-month intervals). In the multivariate analysis, in addition
to adjustment for age, smoking status (never smoked, past smoking, or current smoking), and time
since randomization, the analyses were adjusted for body-mass index (<23.01, >23.01 to 24.40,
>24.40 to 26.40, or >26.40), frequency of vigorous physical activity (<1, 1 to 4, or =5 times per
week), presence or absence of a family history of myocardial infarction, presence or absence of ran-
dom assignment to aspirin use, and presence or absence of a history of hypertension, diabetes, and
angina at enrollment. Four patients and two controls who were taking medication for high cholesterol

levels were excluded. CI denotes confidence interval.

$This group served as the reference group.

HDL levels were not measured for the other controls.
For all three ADH3 genotypes, the mean adjusted
HDL level among men who had at least one drink per
day (47.4 mg per deciliter [1.2 mmol per liter]) was
3.5 mg per deciliter (0.09 mmol per liter) higher than
that among men who consumed less than one drink
per day (43.9 mg per deciliter [ 1.1 mmol per liter], P=
0.002). When the HDL levels were analyzed accord-
ing to the ADH3 genotype, the mean adjusted HDL
levels were higher among men who consumed at least
one drink per day in all three genotype groups (Fig.
2A). However, among these men, HDL levels were
highest among those who were homozygous for the vy,
allele, intermediate among the heterozygotes, and low-
est among those who were homozygous for the vy,
allele (P=0.05 for the interaction between the level of
alcohol consumption and the genotype on the HDL
level). The trend in the HDL level among the gen-
otypes in the group of men who consumed at least one
drink per day was significant (P for trend=0.007).
The ADH3 genotype appeared to have no effect on
the HDL levels among the men who consumed less
than one drink per day. Among the men whose HDL
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levels were measured, the significant reduction in the
risk of myocardial infarction associated with homozy-
gosity for the vy, allele was still present after adjust-
ment for HDL levels. As compared with men who
consumed less than one drink per week and who were
homozygous for the vy, allele, men who consumed at
least one drink per day and who were homozygous for
the vy, allele had a multivariate relative risk of myo-
cardial infarction of 0.15 (95 percent confidence in-
terval, 0.05 to 0.46) before adjustment for base-line
HDL levels and a risk of 0.23 (95 percent confidence
interval, 0.07 to 0.77) after adjustment.

We found a similar relation among the ADH3 gen-
otype, the level of alcohol consumption, and plasma
levels of HDL among 325 postmenopausal women
who were not receiving hormone-replacement therapy
in the Nurses’ Health Study. Overall, the mean adjust-
ed HDL level among women who consumed at least
7 g of alcohol per day (approximately half'a drink) was
7.8 mg per deciliter (0.2 mmol per liter) higher than
the level among women who consumed less than 7 g
of alcohol per day (64.1 vs. 56.3 mg per deciliter [1.7
vs. 1.5 mmol per liter], P<<0.001). The HDL levels
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Figure 1. Multivariate Relative Risk of Myocardial Infarction Ac-
cording to the ADH3 Genotype and the Level of Daily Alcohol
Consumption.

In addition to adjustment for the matching factors of age,
smoking status, and time since randomization (in six-month in-
tervals), the analyses were adjusted for body-mass index
(<23.01, >23.01 to 24.40, >24.40 to 26.40, or >26.40), frequen-
cy of vigorous physical activity (<1, 1 to 4, or =5 times per
week), presence or absence of a family history of myocardial
infarction, presence or absence of random assignment to aspi-
rin use, and presence or absence of a history of hypertension,
diabetes, and angina at enrollment. The P values are for the
comparison with the values in men who consumed less than
one drink per day and who were homozygous for the v, allele
(the reference group); the lowest relative risk of myocardial in-
farction (0.14; 95 percent confidence interval, 0.04 to 0.42) was
for the group of men who drank daily and who were homozy-
gous for the v, allele (P=0.02 for the interaction between the
genotype and the level of alcohol consumption).

were higher among women who drank at least 7 g of
alcohol per day than among those who drank less than
7 g per day in all three genotype groups (Fig. 2B).
Similar to the findings in the men, HDL levels among
the women who drank at least 7 g of alcohol per day
were highest among those who were homozygous for
the 1y, allele, intermediate among the heterozygotes,
and lowest among those who were homozygous for
the vy, allele (P=0.02 for the interaction).

DISCUSSION

We observed a strong interaction between the
ADH3 genotype and the level of alcohol consump-
tion in relation to the HDL level and the risk of my-
ocardial infarction. Since the predominant function
of alcohol dehydrogenase type 3 is to metabolize al-
cohol, this finding is consistent with the hypothesis
that a slower rate of clearance of alcohol enhances the
beneficial effect of moderate alcohol consumption on
the risk of cardiovascular disease.

Approximately half the apparent benefit of alcohol
consumption on the risk of myocardial infarction can
be explained by an increase in the HDL level.6:21-23 We
found that HDL levels were higher among men who
consumed at least one drink per day in all three of
the ADH3 genotype groups, but that the levels were
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Figure 2. Adjusted High-Density Lipoprotein Levels According
to the Level of Alcohol Consumption and the ADH3 Genotype
in 385 Patients with Myocardial Infarction and 385 Controls in
the Physicians’ Health Study (Panel A) and 325 Postmenopausal
Women in the Nurses’ Health Study Who Were Not Receiving
Hormone-Replacement Therapy (Panel B).

In Panel A, the P values are for the comparison with the values
in men who consumed less than one drink per day and who were
homozygous for the y, allele (the reference group) (P=0.05 for
the interaction). The analysis was adjusted for age (as a contin-
uous variable), smoking status (never smoked, past smoking,
or current smoking), body-mass index (<23.01, >23.01 to 24.40,
>24.40 to 26.40, or >26.40), frequency of vigorous physical ac-
tivity (<1, 1 to 4, =5 times per week), presence or absence of a
family history of myocardial infarction, presence or absence of
random assignment to aspirin use, and presence or absence of
a history of hypertension, diabetes, and angina at enrollment.
In Panel B, the P values are for the comparison with the values
in women who consumed less than 7 g per day of alcohol per
day (defined as approximately half a drink) and who were ho-
mozygous for the v, allele (the reference group) (P=0.02 for the
interaction). The analysis was adjusted for age (<61.5 or =61.5
years), body-mass index (<22, 22 to <25, 25 to <29, or =29),
whether or not blood had been obtained after an overnight fast,
whether or not hormone-replacement therapy had been used in
the past, and pack-years of smoking (to 1990). To convert values
for high-density lipoprotein to millimoles per liter, multiply by
0.02586.
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highest among those who were homozygous for the
v, allele. Our data suggest that the reduction in the
risk of myocardial infarction attributed to the inter-
action between the ADH3 genotype and the level of
alcohol consumption is not due solely to an increase
in the HDL level. However, we cannot accurately esti-
mate how much of the modifying effect of the ADH3
genotype on myocardial infarction is due to its effect
on the HDL level, since there were only five patients
who consumed at least one drink per day and who
were homozygous for the vy, allele.

Some have suggested that the inverse association
between moderate alcohol intake and the risk of my-
ocardial infarction does not represent a true causal re-
lation, but rather that alcohol is a surrogate for favor-
able socioeconomic or lifestyle factors associated with
a reduction in risk.2# It is unlikely that the ADH3 gen-
otype is associated with these potentially confound-
ing factors, and we observed no such associations in
our data. The finding of an effect of the functional
ADH3 polymorphism on the relations between mod-
erate consumption of alcohol and the risk of myocar-
dial infarction (and the HDL level) lends support to
the plausibility of a causal interpretation. Associations
observed in nonrandomized epidemiologic studies
may be attributed to potentially confounding factors.
Observed associations between the risk of a disease
and the presence of functional variants in genes that
lead to the metabolism or transduction of the factor
that underlies the disease add substantial support to
the idea that the exposure to the factor is directly re-
lated to causation.

Similarly, it has been proposed that the protective
effect of the consumption of alcoholic beverages on
heart disease may be due to constituents of alcoholic
beverages other than ethanol (e.g., antioxidants such
as flavonoids).2® The fact that alcohol dehydrogenase
type 3 metabolizes ethanol, and not other compounds,
suggests that ethanol is responsible for the protective
effect. A key problem in environmental epidemiologic
studies is that humans are exposed to complex mix-
tures of compounds, so identifying the specific bene-
ficial or harmful compounds may not be possible. Im-
proving our ability to identify specific lifestyle and
environmental factors as causes of a given disease may
prove to be one of the main benefits of the study of
common variants in metabolic genes and disease.

The prospective design of our study, the relatively
large number of newly diagnosed cases, and the high
rate of completeness of follow-up data strengthen the
validity of our results. Nonetheless, our study has po-
tential limitations. Since alcohol intake was estimated
on the basis of the subjects’ responses to question-
naires, it may underestimate the true intake. Although
the exact relation between self-reported intake and
true intake is not known, similar questionnaires have
been shown to provide useful estimates of alcohol
intake over extended periods.2¢ Evidence suggests that
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the ranking of the intake of alcohol among the sub-
jects from low to high in the Physicians’ Health Study
is quite accurate. Previous studies of this cohort have
shown that the self-reported alcohol intake can be used
to predict the risk of myocardial infarction,? diabetes,?”
stroke,?8 and death from any cause.? Such results are
consistent with those of other studies that assessed al-
cohol intake in much greater detail. The correlation
between HDL levels and alcohol intake in our group
is consistent with the results of experimental studies
of alcohol administration, and it thus supports the va-
lidity of the ranking of self-reported alcohol intake in
this study population.

Another issue that needs to be addressed is the
range of alcohol consumption over which the ADH3
genotype influences the risk of myocardial infarction.
Although we would not expect the ADH3 genotype
to have any effect on the risk of myocardial infarction
among those who do not drink alcohol, we observed
a nonsignificant reduction in risk among men who
consumed little or no alcohol and who were homozy-
gous for the v, allele. In addition, among men who
consumed alcohol daily, there was no significant dif-
ference in the risk of myocardial infarction between
heterozygotes and those who were homozygous for
the vy, allele despite the observed difference between
these groups in HDL levels. This discrepancy could
be attributed to the limited statistical power of the
study, since confidence intervals in these subgroups
were broad. Alternatively, some other mechanism may
be at work.

Our study lacks the statistical power to determine
the effect of the ADH3 genotype on those who are
heavy drinkers. Thus, our results are only generaliz-
able to populations with light-to-moderate levels of
alcohol consumption. Heavy consumption of alcohol
is a risk factor for several diseases or conditions, such
as alcoholism, stroke, and liver disease. Persons with a
slow rate of metabolism of ethanol may have a reduced
risk of coronary heart disease; however, they may be at
higher risk for other alcohol-associated diseases. Stud-
ies among male and female populations with high lev-
els of alcohol consumption are needed to assess this
possibility.

In summary, we observed a marked and significant
interaction between moderate alcohol consumption
and the ADH3 polymorphism. Men who drank daily
and were homozygous for the vy, allele had a substan-
tially decreased risk of myocardial infarction — a de-
crease that was at least partially attributable to an in-
crease in HDL levels.

Supported by grants from the National Institutes of Health (CA42182,
CA49449, and AA11181).

We are indebted to the participants in the Physicians’ Health
Study and the Nurses’ Health Study for their cooperation and par-
ticipation, and to Leo Lin for bis programming support.

WWWw. nejm.org

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



GENETIC VARIATION IN THE EFFECT OF ALCOHOL CONSUMPTION ON MYOCARDIAL INFARCTION

REFERENCES

1. Grobbee DE, Rimm EB, Keil U, Renaud S. Alcohol and the cardiovas-
cular system. In: MacDonald I, ed. Health issues related to alcohol con-
sumption. 2nd ed. Oxford, England: Blackwell Science, 1999:126-79.

2. Sesso H, Gaziano JM. Alcohol intake and cardiovascular morbidity and
mortality. Curr Opin Nephrol Hypertens 1999;8:353-7.

3. Camargo CA, Stampfer MJ, Glynn RJ, et al. Moderate alcohol con-
sumption and risk for angina pectoris or myocardial infarction in U.S. male
physicians. Ann Intern Med 1997;126:372-5.

4. Cleophas TJ. Wine, beer and spirits and the risk of myocardial infarc-
tion: a systematic review. Biomed Pharmacother 1999;53:417-23.

5. Maclure M. Demonstration of deductive meta-analysis: ethanol intake
and risk of myocardial infarction. Epidemiol Rev 1993;15:328-51.

6. Gaziano JM, Buring JE. Alcohol intake, lipids and risks of myocardial
infarction. Novartis Found Symp 1998;216:86-110.

7. Bosron WE, Lumeng L, Li TK. Genetic polymorphism of enzymes of
alcohol metabolism and susceptibility to alcoholic liver disease. Mol As-
pects Med 1988;10:147-58.

8. Parkinson A. Biotransformation of xenobiotics. In: Klaassen CD, ed.
Casarett and Doull’s toxicology: the basic science of poisons. 5th ed. New
York: McGraw-Hill, 1990:113-29.

9. Hoog JO, Heden LO, Larsson K, Jornvall H, von Bahr-Lindstrom H.
The v, and v, subunits of human liver alcohol dehydrogenase: cDNA
structures, two amino acid replacements, and compatibility with changes
in the enzymatic properties. Eur ] Biochem 1986;159:215-8.

10. Whitfield JB. ADH and ALDH genotypes in relation to alcohol met-
abolic rate and sensitivity. Alcohol Alcohol Suppl 1994;2:59-65.

11. Chao YC, Liou SR, Chung YY, et al. Polymorphism of alcohol and
aldehyde dehydrogenase genes and alcoholic cirrhosis in Chinese patients.
Hepatology 1994;19:360-6.

12. Day CP, Bashir R, James OFW, et al. Investigation of the role of poly-
morphisms at the alcohol and aldehyde dehydrogenase loci in genetic pre-
disposition to alcohol-related end-organ damage. Hepatology 1991;14:
798-801. [Erratum, Hepatology 1992;15:750.]

13. Harty LC, Caporaso NE, Hayes RB, et al. Alcohol dehydrogenase 3
genotype and risk of oral cavity and pharyngeal cancers. J Natl Cancer Inst
1997;89:1698-705.

14. Steering Committee of the Physicians” Health Study Research Group.
Final report of the aspirin component of the ongoing Physicians’ Health
Study. N Engl ] Med 1989;321:129-35.

15. Ma J, Stampfer MJ, Hennekens CH, et al. Methylenetetrahydrofolate
reductase polymorphism, plasma folate, homocysteine, and risk of myocar-
dial infarction in US physicians. Circulation 1996;94:2410-6.

16. Ischaemic heart disease registers: report of the Fifth Working Group

(including a second revision of the operating protocol). Copenhagen, Den-
mark: Regional Office for Europe, World Health Organization, 1971.

17. Haiman CA, Hankinson SE, Spiegelman D, et al. The relationship be-
tween a polymorphism in CYP17 with plasma hormone levels and breast
cancer. Cancer Res 1999;59:1015-20.

18. Groppi A, Begueret J, Iron A. Improved methods for genotype deter-
mination of human alcohol dehydrogenase (ADH) at ADH 2 and ADH 3
loci by using polymerase chain reaction-directed mutagenesis. Clin Chem
1990;36:1765-8.

19. Stampfer MJ, Sacks FM, Salvini S, Willett WC, Hennekens CH. A pro-
spective study of cholesterol, apolipoproteins, and the risk of myocardial
infarction. N Engl J Med 1991;325:373-81.

20. Cavalli-Sforza LL, Bodmer WE The genetics of human populations.
New York: Dover, 1999:57.

21. Gaziano JM, Buring JE, Breslow JL, et al. Moderate alcohol intake,
increased levels of high-density lipoprotein and its subfractions, and de-
creased risk of myocardial infarction. N Engl J Med 1993;329:1829-34.
22. Marques-Vidal P, Ducimetiere P, Evans A, Cambou JP, Arveiler D.
Alcohol consumption and myocardial infarction: a case-control study in
France and Northern Ireland. Am J Epidemiol 1996;143:1089-93.
[Erratum, Am J Epidemiol 1996;144:622.]

23. Rimm EB, Williams P, Fosher K, Criqui M, Stampfer MJ. Moderate
alcohol intake and lower risk of coronary heart disease: a meta-analysis of
effects on lipids and haemostatic factors. BMJ 1999;319:1523-8.

24. Hart CL, Smith GD, Hole DJ, Hawthorne VM. Alcohol consumption
and mortality from all causes, coronary heart disease, and stroke: results
from a prospective cohort study of Scottish men with 21 years of follow-
up. BMJ 1999;318:1725-9.

25. Bell JR, Donovan JL, Wong R, et al. (+)-Catechin in human plasma
after ingestion of a single serving of reconstituted red wine. Am J Clin
Nutr 2000;71:103-8.

26. Giovannucci E, Colditz G, Stampfer MJ, et al. The assessment of al-
cohol consumption by a simple self-administered questionnaire. Am J Ep-
idemiol 1991;133:810-7.

27. Ajani UA, Hennekens CH, Spelsberg A, Manson JE. Alcohol con-
sumption and risk of type 2 diabetes mellitus among US male physicians.
Arch Intern Med 2000;160:1025-30.

28. Berger K, Ajani UA, Kase CS, et al. Light-to-moderate alcohol con-
sumption and the risk of stroke among U.S. male physicians. N Engl ] Med
1999;341:1557-64.

29. Gaziano JM, Gaziano TA, Glynn RJ, et al. Light-to-moderate alcohol
consumption and mortality in the Physicians’ Health Study enrollment co-
hort. ] Am Coll Cardiol 2000;35:96-105.

Copyright © 2001 Massachusetts Medical Society.

N Engl ] Med, Vol. 344, No. 8 - February 22,2001 - www.nejm.org - 555

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



