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ABSTRACT

BACKGROUND
Although moderate drinking confers a decreased risk of myocardial infarction, the roles
of the drinking pattern and type of beverage remain unclear.

METHODS
We studied the association of alcohol consumption with the risk of myocardial infarc-
tion among 38,077 male health professionals who were free of cardiovascular disease
and cancer at base line. We assessed the consumption of beer, red wine, white wine, and
liquor individually every four years using validated food-frequency questionnaires. We
documented cases of nonfatal myocardial infarction and fatal coronary heart disease
from 1986 to 1998.

RESULTS
During 12 years of follow-up, there were 1418 cases of myocardial infarction. As com-
pared with men who consumed alcohol less than once per week, men who consumed
alcohol three to four or five to seven days per week had decreased risks of myocardial
infarction (multivariate relative risk, 0.68 [95 percent confidence interval, 0.55 to 0.84]
and 0.63 [95 percent confidence interval, 0.54 to 0.74], respectively). The risk was sim-
ilar among men who consumed less than 10 g of alcohol per drinking day and those
who consumed 30 g or more. No single type of beverage conferred additional benefit,
nor did consumption with meals. A 12.5-g increase in daily alcohol consumption over
a four-year follow-up period was associated with a relative risk of myocardial infarction
0f 0.78 (95 percent confidence interval, 0.62 to 0.99).

CONCLUSIONS
Among men, consumption of alcohol at least three to four days per week was inversely
associated with the risk of myocardial infarction. Neither the type of beverage nor the
proportion consumed with meals substantially altered this association. Men who in-
creased their alcohol consumption by a moderate amount during follow-up had a de-
creased risk of myocardial infarction.
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MPORTANT QUESTIONS REMAIN ABOUT

the effect of alcohol consumption on coronary

heart disease. Among these are the roles that
the type of beverage consumed, the pattern of drink-
ing, and the consumption of alcohol with meals
have in modifying the apparent benefits of moder-
ate alcohol consumption.! Furthermore, most stud-
ies have used single measurements of alcohol use
and hence have not assessed the importance of up-
dating alcohol intake or the effect of changes in
consumption over time.

Although the consumption of wine in particular
has been hypothesized to be associated with a lower
risk of cardiovascular disease,? systematic reviews
differ about the specific effects of beer, wine, and
liquor.2-4 Likewise, an episodic pattern of drinking,
with alcohol consumption concentrated over a few
days, confers a higher risk of myocardial infarc-
tion,5-7 but few studies have sought to clarify the
relative roles of the quantity and frequency of alco-
hol consumption or consumption with meals.

To address these questions, we extended our
analysis of data from the Health Professionals Fol-
low-up Study to 12 years, having previously re-
ported on alcohol use and coronary heart disease
after 2 years.®

METHODS

The Health Professionals Follow-up Study includes
51,529 U.S. male dentists, veterinarians, optome-
trists, osteopathic physicians, and podiatrists 40 to
75 years of age who returned a mailed questionnaire
regarding diet and medical history in 1986. Partici-
pants return follow-up questionnaires every two
years to update information on exposures and cur-
rent illnesses. At base line, we excluded 5528 men
who reported a history of myocardial infarction, an-
gina, stroke, transient ischemic attack, claudication,
or cancer (other than nonmelanoma skin cancer);
1703 men whose data on alcohol consumption were
missing; 202 men whose questionnaires had other
technical problems; and 6019 men who currently
consumed no alcohol but reported having con-
sumed alcohol in the preceding 10 years. A total of
38,077 men were therefore included in this analysis.

We assessed average alcohol consumption with
a semiquantitative food-frequency questionnaire,
which included separate questions about beer, white
wine, red wine, and liquor. We standardized por-
tions as a 12-0z (355-ml) bottle or can of beer, a 4-0z
(118-ml) glass of wine, and a shot of liquor. For

each beverage, participants reported their usual av-
erage consumption in the preceding year, with nine
response categories. We determined alcohol intake
by multiplying the consumption of each beverage by
its ethanol content (12.8 g for beer, 11.0 g for wine,
and 14.0 g for liquor)® and summing all beverages.
This process was repeated in 1990 and 1994, and a
similar question about light beer (containing 11.3 g
of ethanol) was added in 1994. We categorized dai-
ly ethanol intake in grams into seven categories:
none, 0.1 to 4.9, 5.0 to 9.9, 10.0 to 14.9, 15.0 to
29.9,30.0t0 49.9, and 50.0 g or more.8

We assessed the validity of self-reported alcohol
consumption by comparing estimates from the
food-frequency questionnaire with two seven-day
dietary records among 127 participants who re-
turned questionnaires in 1986 and 1987.1° The
Spearman correlation coefficients between alcohol
use assessed on the basis of the first and second
questionnaires and dietary records were 0.83 and
0.86, respectively.

In 1986, men reported the number of days per
week that they typically drank any alcohol, with five
response categories. The correlation coefficient be-
tween drinking frequency with the use of this meas-
ure and dietary records was 0.79.11 To determine
the usual quantity of alcohol consumed per drinking
day, we divided average weekly alcohol consump-
tion (from the food-frequency questionnaire) by the
number of drinking days per week. In 1994, men
reported the proportion of their alcohol that was
consumed with meals in four response categories.

We confirmed a reported myocardial infarction if
it met World Health Organization criteria, including
the presence of symptoms and either typical elec-
trocardiographic changes or elevated cardiac en-
zyme levels.12 We included probable myocardial
infarctions when we could not obtain medical rec-
ords but the participant required hospitalization
and supplementary correspondence corroborated
the diagnosis.

We confirmed deaths when reported by families,
postal officials, or the National Death Index, with a
combined follow-up rate exceeding 98 percent.13
Fatal coronary heart disease included fatal myocar-
dial infarction that was confirmed by hospital rec-
ords or, if coronary heart disease was listed as the
cause of death on the death certificate, was the most
plausible cause and if evidence of previous coronary
heart disease was available. We included sudden
death from cardiac causes, defined as death within
one hour after the onset of symptoms in a man with
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no previous serious illness and no other plausible
cause. Physicians reviewing medical records were
unaware of participants’ reported alcohol intake.

We calculated person-years from the date of re-
turn of the 1986 questionnaire to the date of the
first coronary heart disease event, death, or Janu-
ary 31, 1998. We estimated relative risks with cu-
mulative incidence ratios, adjusted for age in five-
year categories and smoking in six categories. In
multivariate analyses, we used pooled logistic re-
gression4 to control for age; smoking status; quin-
tiles of body-mass index (the weight in kilograms
divided by the square of the height in meters); use
or nonuse of aspirin; physical exertion (in five cate-
gories); presence or absence of hypertension, dia-
betes, and a parental history of premature myo-
cardial infarction; energy intake (in quintiles); and
energy-adjusted intakes of vitamin E, folate, satu-
rated fat, trans fatty acids, and dietary fiber (in quin-
tiles). Dietary variables were updated every four
years, and other covariates every two years. We as-
signed missing variables their values from the pre-
vious questionnaire.

For base-line alcohol consumption, we assessed
the risk of subsequent myocardial infarction accord-
ing to a single estimate of alcohol consumption. In
updated analyses, we prospectively assessed the risk
of myocardial infarction in four-year increments,
based on alcohol consumption in the preceding
questionnaire. We assessed the risk associated with
individual types of beverages using updated intake,
controlling for standard covariates and the intake
of the other beverages. To assess changes in alcohol
use, we determined whether the change from 1986
to 1990 predicted the risk of myocardial infarction
from 1990 to 1994 and whether the change from
1990 to 1994 predicted the risk from 1994 to 1998.

RESULTS

BASE-LINE CHARACTERISTICS

At base line, increasing alcohol consumption was
positively associated with smoking, hypertension,
and hypercholesterolemia (Table 1). Among men
who drank, the amount consumed per drinking day
and the frequency of use were moderately correlated
(Spearman correlation coefficient, 0.47; P<0.001).
Beer and liquor were consumed in greatest quanti-
ties and correlated most closely with the frequency
of drinking (Spearman correlation coefficient, 0.32
for red wine, 0.39 for white wine, 0.51 for beer, and
0.61 for liquor; P<0.001 for all).

AVERAGE ALCOHOL CONSUMPTION

We documented 1418 cases of myocardial infarction
during follow-up. We found a graded, inverse rela-
tion between updated alcohol consumption and the
risk of myocardial infarction (Table 2), with a simi-
lar risk among men who abstained and men who
were very light drinkers (0.1 to 4.9 g daily). Using
base-line alcohol consumption, we found that the
relative risks were somewhat weaker although still
statistically significant. To minimize the possibility
that alcohol consumption had changed in response
to subclinical disease, we excluded the first four
years of follow-up, which had little effect. Our re-
sults were also unchanged when we excluded hy-
pertension as a covariate or restricted the analyses
to men who reported no change in their alcohol con-
sumption during the 10 years before enrollment
(data not shown).

The association of alcohol consumption with
myocardial infarction was similar for fatal and non-
fatal events (Table 2). Alcohol consumption was in-
versely associated with the risk of undergoing a
coronary revascularization procedure, with the low-
est risk among those who consumed 50 g or more
of alcohol daily (adjusted relative risk, 0.59; 95 per-
cent confidence interval, 0.43 to 0.81; P for trend
<0.001).

PATTERN OF ALCOHOL CONSUMPTION

The frequency of alcohol consumption was strong-
ly inversely associated with the risk of myocardial
infarction (Table 3). To assess the relative effects of
the quantity and frequency of alcohol consump-
tion, we subdivided the categories of frequency ac-
cording to the amount of alcohol consumed per
drinking day. We found consistently similar risks
within categories of frequency, regardless of the
amount of alcohol consumed per drinking day.

We next compared a frequency of alcohol use of
less than three times per week with a weekly fre-
quency of three or more times within narrow cate-
gories of average alcohol consumption. Among
men who consumed 0.1 to 4.9, 5.0 t0 9.9, 10.0 to
14.9, 15.0 t0 29.9, or 30.0 to 49.9 g of alcohol per
day on average, more frequent use consistently pre-
dicted a reduced risk, with adjusted relative risks of
0.66 (95 percent confidence interval, 0.37 to 1.18),
0.77 (95 percent confidence interval, 0.57 to 1.03),
0.72 (95 percent confidence interval, 0.52 to 1.01),
0.74 (95 percent confidence interval, 0.44 to 1.23),
and 0.76 (95 percent confidence interval, 0.18 to
3.21), respectively. The inclusion of both the fre-
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Table 1. Base-Line Characteristics of 38,077 U.S. Male Health Professionals, 40 to 75 Years of Age, According to Alcohol Consumption.
Characteristic* Alcohol Consumptiony
0g/day 0.1-4.9 g/day 5.0-9.9 g/day 10.0-14.9 g/day 15.0-29.9 g/day 30.0-49.9 g/day =50.0 g/day
(N=4521) (N=10,568) (N=6390) (N=5594) (N=5827) (N=3831) (N=1346)
Mean age (yr) 529 53.0 529 54.2 53.6 55.4 55.2
Mean body-mass index 25.0 25.0 24.8 24.8 24.7 24.9 25.0
Mean no. of days per week alcohol 0 0.9 2.3 3.9 5.0 6.2 6.6
consumed
Amount of ethanol consumed (g/day)
As beer 0 0.6 2.4 4.3 5.8 13.0 26.9
As red wine 0 0.4 0.8 13 2.6 2.4 5.6
As white wine 0 0.7 1.5 2.4 4.1 3.8 6.9
As liquor 0 0.5 2.4 4.3 7.4 18.8 30.8
Current cigarette smoker (%) 5 8 9 10 10 19 24
Past cigarette smoker (%) 19 37 42 46 50 51 51
Physical activity (MET/week) 17 20 22 22 23 21 19
Hypertension (%) 18 18 19 19 21 24 27
Diabetes (%) 3.0 2.5 1.9 1.7 1.4 1.5 2.4
Hypercholesterolemia (%) 9 11 10 11 11 11 12
Parental history of myocardial 10 12 13 12 11 13 13
infarction (%)§
Mean daily intake
Total energy (kcal) 1951 1926 1960 1965 2080 2153 2433
Folate (yg)q 459 487 488 480 481 449 419
Trans fats (g)q 3.1 2.9 2.9 2.8 2.7 2.5 2.2
Saturated fats (g) 25.8 25.1 24.9 24.6 24.0 23.1 20.6
Dietary fiber (g)9] 21.7 21.9 212 20.7 20.0 17.4 15.2
Vitamin E (mg) 9 78.4 94.1 96.8 96.2 97.2 91.6 86.2

* Except for age, all variables have been adjusted by direct standardization to the age distribution of the entire study population.
T A single alcoholic beverage contains 11.0 to 14.0 g of alcohol.
I MET denotes metabolic equivalents.

§ A parental history of myocardial infarction was defined as a myocardial infarction that occurred at or before the age of 60 years in either parent.
9 Vitamin, fat, and fiber intakes were adjusted for total energy intake.

112

quency and average quantity of consumption (in
seven categories) in a single model did not change
the relative risks associated with the frequency of
use, but it markedly attenuated the estimated effect
of the quantity of consumption, with relative risks
for myocardial infarction ranging from 1.06 to 1.20.

The inverse association between the frequency
of alcohol consumption and the risk of myocardial
infarction was similar among men in 10-year age
groups from 40 to 49 years to 70 to 79 years (data
not shown), including men 40 to 49 years of age
who reported no change in their alcohol consump-
tion in the 10 years before enrollment. The use or
nonuse of aspirin and the body-mass index also did
not modify the association of the frequency of alco-
hol use with the risk of myocardial infarction.

N ENGL J MED 348;2
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TYPE OF BEVERAGE
We found inverse relations between the risk of my-
ocardial infarction and consumption of the four
types of beverage, with similar relative risks at lev-
els of consumption of atleast 15.0 g of alcohol daily
(Table 4). The associations were strongest for beer
and liquor, intermediate for white wine, and weak-
est for red wine. Multivariate adjustment weakened
the association of myocardial infarction with wine
consumption but strengthened the associations
with beer and liquor consumption.

TIMING OF ALCOHOL INTAKE
WITH RESPECT TO MEALS

Ofthe 20,986 eligible men who reported their alco-
hol intake with respect to meals in 1994, 43 percent

JANUARY 9, 2003

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



ALCOHOL PATTERNS AND MYOCARDIAL INFARCTION

or Base-Line Alcohol Consumption.

Table 2. Relative Risk of Nonfatal, Fatal, and Any Myocardial Infarction among 38,077 U.S. Male Health Professionals, According to Updated

Variable*

0 g/day

Nonfatal myocardial infarction

No. of cases 167
Relative risk 1.00
95% Cl —
Multivariate relative risk 1.00
95% Cl —

Fatal myocardial infarction

No. of cases 93
Relative risk 1.00
95% Cl —
Multivariate relative risk 1.00
95% Cl —

Any myocardial infarction

Updated alcohol consumption

No. of cases 255
Person-yr 60,663
Relative risk 1.00
95% Cl —
Multivariate relative risk 1.00
95% Cl —
1986 alcohol consumption

No. of cases 177
Person-yr 47,062
Relative risk 1.00
95% Cl —
Multivariate relative risk 1.00
95% Cl —

1986 alcohol consumption,
1990 cases forward

No. of cases 115
Person-yr 28,690
Relative risk 1.00
95% Cl —
Multivariate relative risk 1.00
95% Cl —

0.1-4.9
g/day

300
1.03
0.85-1.25
1.04
0.86-1.26

142
0.87
0.67-1.14
0.89
0.67-1.17

430
106,842
0.97
0.83-1.13
0.98
0.84-1.15

449
110,273
1.02
0.86-1.22
1.06
0.89-1.27

296
67,755
1.02
0.82-1.27
1.06
0.85-1.33

5.0-9.9
g/day

140
0.82
0.65-1.02
0.84
0.67-1.05

73
0.80
0.59-1.08
0.84
0.61-1.15

206
63,369
0.80
0.66-0.96
0.83
0.68-1.00

225
66,572
0.86
0.70-1.05
0.93
0.76-1.14

150
41,081
0.87
0.68-1.12
0.94
0.73-1.20

10.0-14.9
g/day

116
0.69
0.54-0.88
0.73
0.57-0.93

57
0.60
0.43-0.84
0.61
0.43-0.87

167
55,890
0.65

0.54-0.80
0.69

0.57-0.85

180
58,025
0.68
0.55-0.85
0.77
0.62-0.95

119
35,860
0.68
0.52-0.90
0.77
0.59-1.01

Alcohol Consumptiony

15.0-29.9
g/day

132
0.76
0.60-0.96
0.80
0.63-1.02

61
0.62
0.44-0.86
0.71
0.50-1.01

189
59,084
0.71
0.58-0.86
0.79
0.64-0.96

188
60,823
0.73
0.59-0.91
0.81
0.66-1.01

120
37,368
0.70
0.54-0.92
0.79
0.60-1.03

30.0-49.9
g/day

82
0.64
0.48-0.85
0.64
0.48-0.84

57
0.74
0.53-1.05
0.62
0.43-0.89

133
37,095
0.67
0.53-0.83
0.64
0.51-0.80

146
38,866
0.76
0.60-0.97
0.72
0.57-0.92

97
23,760
0.75
0.56-1.01
0.74
0.55-0.98

>50.0
g/day

23
0.55
0.35-0.85
0.50
0.31-0.79

15
0.53
0.29-0.96
0.39
0.21-0.71

38
12,391
0.55
0.39-0.78
0.48
0.33-0.69

53
13,707
0.75
0.54-1.05
0.68
0.49-0.95

31
8,246
0.67
0.44-1.03
0.62
0.41-0.95

P Value::

<0.001

0.003

0.01

0.01

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

* The relative risk was directly adjusted for age and smoking status (in six categories). The multivariate relative risk was adjusted for age; smoking status; body-
mass index; the presence or absence of diabetes, hypertension, hypercholesterolemia, and a parental history of myocardial infarction; use or nonuse of aspirin;
physical activity; intake of energy; and energy-adjusted intake of folate, vitamin E, saturated fat, trans fat, and dietary fiber. Cl denotes confidence interval.

T A single alcoholic beverage contains 11.0 to 14.0 g of alcohol.

I P values were derived from tests of linear trend across increasing categories of alcohol consumption by treating the midpoint of consumption in each

category as a continuous variable.

consumed less than 25 percent of their overall in-
take with meals, 22 percent consumed 25 to 74 per-
cent with meals, 24 percent consumed 75 to 100
percent with meals, and 11 percent did not drink.
Among men who consumed 5.0 to 29.9 g of alco-
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hol daily, drinking 25 to 74 percent of the total with
meals and drinking at least 75 percent of the total
with meals were associated with relative risks of
0.66 (95 percent confidence interval, 0.40 to 1.09)
and 1.21 (95 percent confidence interval, 0.81 to
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Table 3. Relative Risks of Myocardial Infarction among 38,077 U.S. Male Health Professionals According to the Base-Line Frequency
of Alcohol Consumption and the Quantity of Ethanol Consumed per Drinking Day.

95% Cl

0.67-1.08 0.78-1.10 0.70-1.02

<1 Drinking
Variable* Day/Wk 1-2 Drinking Days/Wk 3-4 Drinking Days/Wk
Cases of myocardial 411 428 188
infarction
Person-yr 97,913 118,794 65,689
Relative riski: 1.00 0.84 0.63
95% Cl — 0.73-0.96 0.53-0.75
Multivariate relative riski: 1.00 0.88 0.68
95% Cl — 0.77-1.01 0.55-0.84
Multivariate relative risk§ 1.00 0.83 0.66
95% Cl — 0.70-0.99 0.50-0.85
<1 Drinking
Day/Wk 1-2 Drinking Days/Wk 3-4 Drinking Days/Wk
<10.0 g/ 10.0-29.9 g/ =30.0g/ <10.0 g/ 10.0-29.9 g/ =30.0g/
drinking  drinking  drinking  drinking  drinking  drinking
day day day day day day

No. of cases 411 82 195 151 10 118 60
Person-yr 97,913 19,658 54,096 45,039 2,818 41,749 21,122
Relative riski: 1.00 0.84 0.86 0.79 0.65 0.61 0.65
95% Cl = 0.66-1.06 0.73-1.02 0.65-0.95 0.34-1.22 0.50-0.75 0.50-0.86
Multivariate relative riskz: 1.00 0.85 0.93 0.84 0.63 0.67 0.71

0.33-1.19 0.55-0.83 0.54-0.93

5-7 Drinking

Days/Wk P Valuej

388

112,114

0.63 <0.001
0.55-0.73

0.63 <0.001
0.54-0.74

0.62 0.001
0.48-0.78

5-7 Drinking Days/Wk

<10.0 g/ 10.0-29.9 g/ =30.0g/

drinking  drinking  drinking
day day day
8 185 195
2,193 56,940 52,982
0.57 0.61 0.65

0.28-1.15 0.51-0.73 0.55-0.78

0.68 0.68 0.63
0.33-1.37 0.57-0.82 0.52-0.76

Cl denotes confidence interval.

category as a continuous variable.

=

of the seven categories of alcohol consumption given in Tables 1 and 2.

P values were derived from tests of linear trend across increasing categories of frequency of alcohol use by treating the midpoint of frequency in each

Relative risks and multivariate relative risks were adjusted for the covariates listed in Table 2.
Multivariate relative risks were adjusted for the covariates listed in Table 2 as well as for the estimated quantity of alcohol consumed in 1986, with use

114

1.82), respectively, as compared with drinking less
than 25 percent of the total with meals (P for trend,
0.51). The relative effect of alcohol was similar
among men with different patterns of consumption
with meals (Table 5).

CHANGE IN CONSUMPTION OVER TIME
Among men who were free of cardiovascular dis-
ease or cancer in 1994, mean daily alcohol con-
sumption declined from 13.1 gin 1986 to 12.0 gin
1994 (Pearson r=0.69, P<0.001). Men who sub-
stantially decreased their consumption had a high-
er prevalence of diabetes and symptoms triggering
avisit to a physician, and men who substantially in-
creased consumption had a lower prevalence of hy-
percholesterolemia (Table 6).

As compared with consumption that remained

N ENGL J MED 348;2

constant or increased by less than 5.0 g, an increase
0f 5.0 t0 9.9 g was not associated with a decreased
risk of myocardial infarction (relative risk, 1.05; 95
percent confidence interval, 0.72 to 1.55), butan in-
crease of at least 10.0 g was (relative risk, 0.55; 95
percent confidence interval, 0.33 to 0.91). Among
men whose consumption remained stable or in-
creased, a 12.5-g increase in daily alcohol consump-
tion (as a linear variable) was associated with a
relative risk of myocardial infarction of 0.78 (95
percent confidence interval, 0.62 to 0.99). Converse-
ly, among men whose consumption was stable or
decreased during follow-up, a 12.5-g decrease in
daily alcohol intake was associated with a nonsig-
nificant trend toward a higher risk of infarction
(relative risk, 1.10; 95 percent confidence interval,
0.92 to 1.31), with similar risks among men whose
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of Alcoholic Beverage Consumed.

Table 4. Relative Risks of Myocardial Infarction (MI) among 38,077 U.S. Male Health Professionals, According to the Type

Beer
No. of cases of Ml 747 574
Person-yr 184,927 173,592
Relative risk 1.00 0.91
95% Cl — 0.81-1.01
Multivariate relative risk 1.00 0.93
95% Cl — 0.83-1.04

Liquor
No. of cases of M| 646 515
Person-yr 186,506 142,782
Relative risk 1.00 1.02
95% Cl — 0.91-1.15
Multivariate relative risk 1.00 1.03
95% Cl — 0.91-1.16

Variable* 0g/day 0.1-9.9g/day 10.0-14.9 g/day =15.0 g/day P Valuey
Red wine
No. of cases of M| 814 560 36 8
Person-yr 211,361 171,979 8,952 4,681
Relative risk 1.00 0.94 1.14 0.48 0.14
95% Cl — 0.84-1.05 0.81-1.59 0.24-0.97
Multivariate relative risk 1.00 1.06 1.48 0.64 0.34
95% ClI — 0.95-1.19 1.05-2.09 032-1.29
White wine
No. of cases of Ml 671 709 26 12
Person-yr 168,438 214,784 8,346 5,404
Relative risk 1.00 0.93 0.82 0.62 0.04
95% Cl — 0.83-1.03 0.55-1.21 0.35-1.10
Multivariate relative risk 1.00 1.04 0.98 0.74 0.87
95% Cl — 0.93-1.17 0.65-1.46 0.41-1.32

Og/day 0.1-9.9g/day 10.0-14.9g/day 15.0-49.9g/day =50.0 g/day

72 21 4
26,914 9,657 1883
0.74 0.58 0.45 <0.001
0.58-0.94 0.38-0.90 0.17-1.22
0.78 0.57 0.34 <0.001
0.61-1.01 0.37-0.89 0.12-0.92
156 87 14
41,587 22,390 3706
0.80 0.73 0.67 <0.001
0.67-0.96 0.58-0.92 0.39-1.14
0.79 0.67 0.54 <0.001
0.66-0.95 0.53-0.84 0.31-0.92

* Relative risks were directly adjusted for age and smoking status. Multivariate relative risks were adjusted for all other types of

beverage and the covariates listed in Table 2. Cl denotes confid

ence interval.

T P values were derived from tests of linear trend across increasing categories of alcohol consumption by treating the midpoint of

consumption in each category as a continuous variable.

consumption decreased by 5.0 to 9.9 g per day and
those with a decrease 0f 10.0 g or more per day.

DISCUSSION

Among these 38,077 men, alcohol consumption
was consistently associated with a lower risk of cor-
onary heart disease, regardless of the type of bever-
age, the proportion consumed with meals, or the
type of coronary outcome. The drinking pattern
had an important effect, with the lowest relative
risks among men who consumed alcohol three or
more days per week, even if the amount consumed
per drinking day was small to moderate.

Episodic consumption of large amounts of al-
cohol has been associated with a high risk of coro-
nary heart disease in several studies.>7:15:16 For

N ENGL J MED 348;2 www
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example, in the Australian World Health Organiza-
tion MONICA (Monitoring of Trends and Determi-
nants in Cardiovascular Disease) project, men who
consumed nine or more drinks per drinking day, as
compared with those who did not drink at all, had
odds ratios for acute myocardial infarction of ap-
proximately 2 even if they drank only one to two
days per week, whereas men who consumed one to
two drinks on five to six drinking days per week
had an odds ratio of 0.36.6 In contrast, our results
emphasize the frequency of alcohol consumption
as the primary determinant of its inverse associa-
tion with the risk of myocardial infarction. Our re-
sults concur with the findings of one meta-analysis
of alcohol consumption and nonfatal myocardial
infarctionl”: an average consumption of more than
a single drink every two days offered only a small
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Table 5. Multivariate Relative Risk of Myocardial Infarction (MI) among 20,986
U.S. Male Health Professionals, According to Alcohol Consumption
and the Proportion of Alcohol Consumed with Meals in 1994.*
0.1-4.9 5.0-29.9 =>30.0 P
Variable g/day g/day g/day Valuey
<25% of total alcohol intake
consumed with meals
No. of cases of Ml 45 70 22
Relative risk 1.00 0.67 0.57 0.05
95% Cl — 0.45-0.99 0.32-1.03
25-74% of total alcohol intake
consumed with meals
No. of cases of Ml 6 21 8
Relative risk 1.00 0.78 0.51 0.28
95% Cl — 0.29-2.07 0.15-1.77
>75% of total alcohol intake
consumed with meals
No. of cases of Ml 20 41 3
Relative risk 1.00 0.92 0.33 0.16
95% Cl — 0.52-1.63  0.09-1.27

* The analysis includes cases of myocardial infarction that occurred from 1994 to
1998. Multivariate relative risks were adjusted for the same variables listed in Table
2. Only subjects with information on the consumption of alcohol with meals are in-
cluded.

P values were derived from tests of linear trend across increasing categories of alco-
hol consumption by treating the midpoint of consumption in each category as a
continuous variable.

incremental benefit. The inverse association be-
tween recent alcohol exposure and the risk of myo-
cardial infarction,18 though debated,19 also of-
fers evidence in support of a benefit of frequent
consumption.

Studies differ on whether the drinking pattern
modifies high-density lipoprotein cholesterol lev-
els.5:20,21 The drinking pattern does not clearly in-
fluence fibrinogen levels,22 but it may have an im-
portant effect on blood pressure.23-25 The Intersalt
study found that a highly variable pattern of alcohol
consumption predicted a high mean blood-pres-
sure level among heavy drinkers, regardless of the
amount of alcohol consumed in the 24 hours be-
fore measurement.2¢ Likewise, platelet aggregabil-
ity appears to be lower among moderate drinkers
than among those who did not drink?? but higher
during withdrawal among heavy users of alcohol.28

When we used two methods of assessing alco-
hol consumption — at base line and updated every
four years during follow-up — we found a stronger
association with myocardial infarction for the up-
dated reports. Because alcohol use changes over
time, updating this information should improve the
accuracy of assessment during the follow-up period,

an important feature for exposures with short-term
effects on risk.

We found the strongest associations between
alcohol consumption and the risk of myocardial in-
farction for beer and liquor, the predominant types
of alcoholic beverages consumed by this popula-
tion. Our findings support the hypothesis that the
beverage most widely consumed by a given popula-
tion is the one most likely to be inversely associated
with the risk of myocardial infarction in that popu-
lation.2° This may occur because heavily consumed
beverages are more likely to be consumed frequent-
ly, as confirmed by their closer correlation with the
frequency of drinking in our analyses. The fact that
multivariate adjustment strengthened the inverse
associations of myocardial infarction with beer and
liquor butweakened the associations with red wine
and white wine suggests that uncontrolled con-
founding may explain the greater benefits attribut-
ed to red wine in some studies.30:31

Few studies have assessed increases in alcohol
consumption and the risk of myocardial infarction.
In three studies, increased consumption over time
was associated with a decrease in the risk of subse-
quent cardiovascular events of a magnitude similar
to that in our study,32-34 although one study found
no significant difference in the rate of death from
coronary or cardiovascular causes.34 Since advising
patients at high risk for myocardial infarction to
drink moderately is controversial, the finding that
a moderate increase in consumption over time ap-
pears beneficial may inform this debate.

Recent reviews suggest that alcohol consump-
tion is mainly associated with a decreased risk of
myocardial infarction among men over 45 years of
age and women over 55 years of age.35> We found
that frequent drinking was associated with a de-
creased risk even among men 40 to 49 years of age
who had previously had stable levels of consump-
tion, implying that this association is not limited to
adults over a specific age. However, the absolute
benefits of moderate drinking will be most appar-
ent among older adults at increased risk for myo-
cardial infarction, whereas many of the risks of
alcohol consumption, such as trauma, are of para-
mount concern for younger persons. For example,
among the middle-aged healthy men in our study,
the incidence of myocardial infarction among those
who abstained was 420 cases per 100,000 person-
years, yielding a difference in risk associated with
frequent alcohol use of approximately 145 cases
per 100,000 person-years. In younger populations
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Table 6. Characteristics of 25,692 U.S. Male Health Professionals, According to Average Alcohol Consumption in 1986 and 1994.*

Characteristicy
Light in
Light 1986 and
in 1986  Moderate
and 1994  in 1994
(N=8534) (N=1812)
Mean age at base line (yr) 52.3 50.9
Mean alcohol intake in 1986 (g/day) 15 2.9
Mean alcohol intake in 1994 (g/day) 1.1 9.9
Full-time or part-time work status in 78 78
1994 (%)
No physical examination within 2 yr 23 19
preceding 1994 (%)
Physical examination for symptoms 16 14
within 2 yr preceding 1994 (%)
Current smoker in 1994 (%) 4 4
Hypertension in 1994 (%) 19 20
Diabetes in 1994 (%) 4.2 2.1
Hypercholesterolemia in 1994 (%) 23 26
Aspirin use in 1994 (%) 29 36

Alcohol Consumption in 1986 and 1994

Light Moderate Moderate ~ Heavy Heavy in
in 1986 in1986  Moderate  in 1986 in1986 1986 and
and Heavy andLight in1986 and Heavy and Light Moderate
in 1994 in1994  and 1994 in 1994 in 1994 in 1994
(N=53) (N=2626) (N=8229) (N=1130) (N=248) (N=1143)
53.4 53.2 52.4 52.9 53.4 54.4
23 10.1 13.5 18.0 47.5 42.2
42.0 2.1 13.9 41.1 0.7 18.5
74 78 78 75 75 77
31 20 20 23 24 23
12 16 14 12 21 15
18 7 5 11 15 10
27 22 20 25 31 25
4.7 3.7 2.0 2.0 7.1 3.2
16 24 25 27 29 30
32 31 36 42 34 37

Heavy

in 1986
and 1994

(N=191
54.2
47.9
487
73

26

13

16
26
2.6
26
38

7)

* This subgroup of men in the Health Professionals Follow-up Study comprised men who reported their alcohol consumption in both 1986 and 1994 and
who were free of cardiovascular disease and cancer at both time points.

Except for age, all variables have been adjusted by direct standardization to the age distribution of the entire study population.
Light, moderate, and heavy refer to an average daily consumption of less than 5.0, 5.0 to 29.9, and 30.0 or more g of alcohol, respectively.

at decreased risk for myocardial infarction, the dif-
ference in risk associated with frequent alcohol use
would be smaller.

Although differences among participants in fac-
tors other than alcohol consumption could influ-
ence our findings, we found little additional con-
founding by diet, exercise, body-mass index, family
history, aspirin use or nonuse, or the presence or ab-
sence of hypertension and diabetes after we con-
trolled for age and smoking status, and our popu-
lation was homogeneous, by design, with respect
to occupational class and sex. In order to have pro-
duced these results, any uncontrolled confounder
would need to be associated with both exposure
and the outcome and unrelated to the covariates in-
cluded. Our exclusion of former drinkers, the elim-
ination of myocardial infarctions that occurred ear-
ly in the follow-up period, and the similarity in risk
among those who abstained and those who were
very light drinkers argue against the “sick quitter”
hypothesis3© as an explanation for our findings.

Our ability to separate the associations of the

N ENGL J MED 348;2
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quantity and the frequency of alcohol consumption
with the risk of myocardial infarction was limited,
because the two were correlated. Also, only 3.5 per-
cent of study participants reported consumption of
50 g or more of alcohol daily, a fact that limited our
ability to study the detrimental effects of heavy
drinking.

National guidelines recommend caution when
applying the results of epidemiologic studies of
alcohol consumption to individual patients, since
clinical care requires consideration of the myriad
health effects of alcohol and of individual suscepti-
bility to those effects.35:37 We encourage adults to
discuss alcohol use with their physicians and to-
gether make individualized decisions about appro-

priate consumption.
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