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Alcohol consumption and the risk of
myocardial infarction in women

Cosetta Bianchi, Eva Negri, Carlo La Vecchia, Silvia Franceschi

Abstract
Study objective-To investigate the
relationship between alcohol consumption
and the risk ofacute myocardial infarction in
women.
Design-This was a hospital based, case-
control study carried out between 1983 and
1990. Main outcome measures were average
daily number of drinks of various alcoholic
beverages consumed and corresponding
multivariate relative risk estimates and 95%
confidence intervals (CI)
Setting-A network including major teaching
and general hospitals in northern Italy.
Subjects-Cases were 298 women with acute
myocardial infarction but no history of
ischaemic heart disease and controls 685
women admitted to hospital for acute condi-
tions, unrelated to alcohol consumption or to
known or suspected risk factors for ischaemic
heart disease.
Measurements and main results-
Compared with non-drinkers, the estimated
relative risks (RR) were 0-7 (95% CI 0-5, 1.0)
for one drink or less per day, 0-8 (95% CI 0-6,
1-2) for more than one to two drinks per day,
1-4 (95% CI 0-8, 2 3) for more than two to
three, and 2-6 (95% CI 1 5, 4 6) for more than
three drinks per day. These estimates were
consistent across strata of selected
covariates, including age, education, and
smoking. Allowance for major identified risk
factors for myocardial infarction did not
materially modify the risk estimate for light
drinkers (RR 0 7, 95% CI 0 5, 1.1), but
reduced the RR in heavy drinkers to 1-8 (95%
CI 0*9, 3-5).
Conclusions-This study indicates that
women who do not drink alcohol have a risk
of myocardial infarction that is higher than
that oflight drinkers, although the protection
of light drinking was not significant. Among
drinkers, however, there was a significant
direct trend in risk with dose. The raised risks
in heavy drinkers may reflect a real associa-
tion or result from other unfavourable char-
acteristics or habits associated with high
alcohol consumption.
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There is a large amount of evidence that alcohol is
related to acute myocardial infarction, but the
dose-risk relationship is still open to debate. In
some investigations an inverse linear relationship
has been described,1 2 while others found a "J" or

"U" shaped relationship between alcohol con-

sumption and the risk of coronary heart disease
(CHD), with moderate drinkers showing lower
mortality than either abstainers or heavy
drinkers.
On the basis of these results, it has been sug-

gested that moderate alcohol consumption pro-
tects against CHD, but the interpretation of the
observed relation is still controversial.6 9 A
number of epidemiologically and biologically
plausible mechanisms of action have been sug-
gested, including the relation between alcohol
drinking and high density lipoprotein cholesterol,
apolipoproteins, fibrinolysis, coagulation factors,
and blood pressure, but none has as yet been
firmly established.'0
For women, in particular, data on alcohol

intake and the risk of CHD are sparse." 15 Most
investigations, including the Framingham Heart
Study Cohort,4 the American Cancer Society One
Million Study,'6 and a case-control study from
New Zealand,'7 found similar results in men and
women, although data in women, particularly for
heavy drinkers, were limited. Even the large
American Nurses Health Study, 15 in a report
based on 164 patients with non-fatal myocardial
infarctions and 36 deaths from CHD, included
only 16 women who drank 1v25 g of ethanol per
day. Evidence for differences in alcohol meta-
bolism between the two sexes (that is lower
alcohol dehydrogenase activity in women than
men) encourages interest in a better understand-
ing of the nature of the relationship in
women.'8 19

Furthermore, death certification rates from
acute myocardial infarction and all ischaemic
heart disease in Italian women (age standardised
death rates 46/100 000 in 1984, world stand-
ard)20 21 are about 50% lower than in most
northern European and North American coun-
tries, where the majority of published studies have
been conducted. In addition, Italian data may
make an important contribution to the study ofthe
association between alcohol intake and acute
myocardial infarction in women, since alcohol
drinking by women is socially accepted in Italy
and, hence, is more frequent and possibly more
accurately reported than in most other westem
countries.22 More importantly, alcohol intake may
be less often under-reported. We therefore
analysed the relation between alcohol intake and
myocardial infarction in women using data from a
case-control study conducted in northern Italy.

Methods
From January 1983, data were collected on
women with acute myocardial infarction admitted
to the coronary care units of 30 hospitals in

acute
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northern Italy and on comparison subjects (con-
trols) admitted for acute conditions to the same
hospitals where cases had been identified. The
methods have been described in detail pre-
viously.23 The only modification introduced into
the original protocol was that the upper age limit
was raised from 54 to 74 years in June 1987.
The present analysis is based on data collected

before November 1990 for a total of 298 cases
(aged 18-74 years, median age 50 years), defined
according to the standard World Health Organ-
ization criteria for acute myocardial infarction.
Among the 685 controls (aged 17-74 years,

median age 50 years), 25% were admitted for
traumatic conditions, 32% for non-traumatic
orthopaedic disorders (mostly low back pain and
disc disorders), 19% for surgical conditions
(including plastic surgery), and 24% for other
illnesses (for example, acute infections, skin, ear,
nose and throat diseases, or teeth disorders).
The structured questionnaire included

information on sociodemographic characteristics,
general lifestyle habits (for example, smoking,
coffee consumption, etc), a few selected indicator
foods, a problem oriented medical history, and
history of selected drug usage, including oral
contraceptives and female hormones for other
indications. Questions on alcohol included the
number of days per week each type of alcoholic

Table I Distribution of
298 female cases of acute
myocardial infarction and
685 controls according to
age, education, and
smoking habits. Italy,
1983-90.

Table II Distribution of
298 female cases of acute
myocardial infarction and
685 controls according to
alcoholic beverage
consumption. Italy, 1983-
90.

Myocardial infarction
Variable No (%)
Age:
<40 36 (12-1)
40-49 106 (35 6)
50-59 110 (36 9)
60-74 46 (15-4)

Education (y):
<7 185 (62-1)
7-11 83 (27 9)
2 12 30 (10-1)

Smoking habits:
Never smokers 108 (36 2)
Ex-smokers 24 (8-1)
<20 cigarettes/day 80 (26 8)
.20 cigarettes/day 86 (28 9)

Myocardial infarction
Vanrable No (%)
Wine (drinks/day):

Non-drinkers
<1
>1-2
>2-3
>3
Unknown

Beer:
Non-drinkers
Drinkers
Unknown

Spirits
Non-drinkers
Drinkers
Unknown

All alcoholic beverages
(drinks/day):
Non-drinkers
<1
>1-2
>2-3
>3
Unknown

Duration of alcohol
consumption (y)

Non-drinkers
<30
.30
Unknown

126 (42-3)
61 (20 5)
69 (232)
22 (7-4)
19 (6-4)

1 (0 3)

273 (91-6)
25 (8-4)

269 (901)
27 (9-1)
2 (07)

120 (40 3)
58 (19.5)
58 (19 5)
30 (101)
30 (10-1)
2 (07)

120 (40 3)
94 (31-5)
84 (282)

Controls
No (%)

139 (20 3)
184 (26 9)
220 (32-1)

beverage (wine, beer, and spirits) was consumed,
the average number of drinks per day, and the
duration of the habit in years.

DATA ANALYSIS AND CONTROL OF CONFOUNDING
The average number of drinks per day for each
type of alcoholic beverage (wine, which by itself
accounted for more than 90% of all alcohol
consumption in this female population, beer, and
spirits), and the average total alcoholic beverage
consumption were computed assuming a com-
parable pure alcohol content in each type of drink
(that is, 150 ml of wine=330 ml of beer=30 ml of
spirits=approximately 12-15 ml of ethanol).

Relative risks (RR of acute myocardial
infarction, together with their 95% confidence
intervals (CI), were first derived from data
stratified for age in decades by the Mantel-
Haenszel procedure.24 25 To allow simultaneously
for a number of potential confounding factors,
unconditional multiple logistic regression was
used.26 27 Included in the regression equations
were terms for age; education; geographical area;
smoking habits (never smokers; exsmokers;
current smokers of <20 and >20 cigarettes per
day); body mass index; coffee consumption; his-
tory of angina, diabetes, hypertension, hyper-
lipidaemia; and family history of heart disease.
The significance of linear trend in risk was
assessed by comparing the difference between the
deviances of the models with and without the
variable of interest to the x2 distribution with one

degree of freedom.26

42 (0.7) Results
Table I gives the distribution of cases and controls

420 (61-3) according to age, years of education, and smoking
163 (23-8) habits. The two groups were comparable with102 (14-9) regard to years of schooling, while cases of acute
469 (68-5) myocardial infarction tended to smoke
39 (5-7) appreciably more than controls (63 8 v 31-5%).

116 (169) Table II shows the distribution ofwomen with61 (8-9) myocardial infarction and controls according to
reported alcoholic beverage consumption and

Controls duration of the habit. Wine drinkers were equally
No (°/°) frequent in cases and controls (58%). There was a

lower proportion ofcases among light drinkers (<1
288 (42-0) drink/day: 21 v 29% of controls) and a higher one
2509 (2932) in women who reported drinking more than two
22 (32) drinks per day (14 v 5%).
15 (2-2) Consumption of beer and spirits was1 (0 1)

appreciably lower than wine intake in this Italian
636 (92 8) population, but cases were more frequently
48 (7 0) drinkers, especially of spirits (8 v 7% for beer; 9 v

1 (0.1) 5% for spirits). When total alcohol consumption
was considered, the percentage of drinkers

653 (95 3) in32 (47) increased to 60% in both groups: 39% of cases v
- - 49% ofcontrols reported two or less drinks per day

while 20% of cases v 10% of controls consumed
more than two drinks per day. With reference to

283 (2826) duration, 28% of cases and 32% of controls had
145 (21-2) been drinking for 30 years or more.
24 (365) The RRs of acute myocardial infarction in

1 (0 1) relation to alcohol consumption are reported in
table III. For wine consumption, the RR in
non-drinkers was slightly below unity for one or

1278 (24776) less drink per day (RR=0-7, 95% CI 0-5, 1 -0), but
216 (31 5) it rose to 1-0 (95% CI 0-6, 1-3) for one to two

1 (01 )_ drinks; to 1-8 (95% CI 1-0, 3-5) for two to three;
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RR (95% CI)

Variable MH* MLRt
Wine (drinks/day)

Non-drinkerst 1 1
.1 07 0-8

(0-5-1 0) (0 5-1-2)
> 1-2 0-9 1*0

(0-6-1-3) (0-6-1-5)
>2-3 1-8 1-7

(1-0-3-5) (0-8-3-5)
>3 2-4 2-4

(1 2-4 9) (1*0-5 7)
2 43

X trend 4-03§ 3-10

Beer:
Non-drinkerst 1 1
Drinkers 1-3 0 9

(0-8-2 1) (0 5-1*7)

Spirits:
Non-drinkerst 1 1
Drinkers 1.9 1-5

(1-1-3-3) (0 8-2 8)

Total alcoholic beverages (drinks/day):
Non-drinkerst 1 1
<1 0 7 0 7

(0-5-1 0) (0-5-1*1)
>1-2 0-8 09

(0-6-1-2) (0-6-1-4)
>2-3 1-4 1 6

(0-8-2-3) (0 9-2-8)
>3 2-6 1-8

(1-5-4-6) (0-9-35)
xi trend 6-36§ 2-98

Duration of alcohol consumption (y):
Non-drinkerst 1 1
<30 1-1 1.1

(0-8-1-6) (0-7-1-6)
>30 08 0-8

(0-6-1*1) (0-5-1 2)
xi trend 1-30 0-84

*Mantel-Haenszel estimates adjusted for age in decades;
tMultiple logistic regression estimates adjusted for age,
education, residence, smoking habits, body mass index, coffee
consumption, history of angina, diabetes, hypertension,
hyperlipidaemia and female history of heart disease;
tReference category;
§p<0.05.

and to 2-4 (95% CI 1-2, 4 9) for more than three
drinks per day. The relative risks were somewhat
above unity for drinkers of beer (RR= 1-3, 95% CI
0-8, 2-1) or spirits (RR=1-9, 95% CI 1 1, 3 3)
compared with those who did not drink alcohol.
The risks for total alcohol consumption were
similar to those for wine only, being 0-7, 0-8, 1-4,
and 2-6 for subsequent levels of intake compared
with non-drinkers.

Adjustment for smoking and a number of other
potentially relevant covariates, including
education, area of residence, body mass index,
coffee consumption, history of angina, diabetes,
hypertension, hyperlipidaemia, and heart disease
reduced the estimated risk for heavy drinkers
(more than three drinks per day) from 2-6 to 1-8.
However, it had no appreciable influence on the
risk estimates for other levels (RR=0-7 for one or

less; 0-9 for one to two; 1 6 for more than two to

three drinks per day). Likewise, multivariate RRs

decreased to 0 9 (95% CI 0 5, 1 7) for beer
drinkers and to 1-5 (95 % CI 0-8, 2 8) for spirit
drinkers versus non-drinkers. The trends in risk for
wine and total alcohol consumption including
alcohol abstainers were not statistically significant,
but were significant when the analysis was

restricted to drinkers.
The duration of alcohol consumption showed

no association with the risk of myocardial
infarction, the RR estimates being 1 1 for less than
30 years and 0-8 for 30 years or more with respect

to non-drinkers. Those estimates were not

modified by allowance for identified potential
confounding factors.
Table IV gives the RRs for total alcohol con-

sumption in separate strata of age, education, and
smoking. The risks for light consumption of
alcohol (up to one drink per day) were below
unity, ranging from 0 4 to 0 9, whereas those for
heavy alcohol intake were consistently above
unity, ranging from 1-8 to 2-4 across the strata of
various covariates. Thus, compared with non-

drinkers, the RRs were 1-9 for those both below
and above age 50 years; 2-4 in less and 1-8 in more
educated women; 2-0 for never smokers, 2 1 for
moderate smokers, and 1-8 for heavy smokers.

Discussion
This study of myocardial infarction in women

showed a somewhat higher risk in non-drinkers
than in light drinkers, but an increasing risk with
increasing alcohol consumption in women who
drank alcohol: the RR was above unity for more
than two alcoholic drinks per day. The interest of
these data on heavier levels of drinking in women
may be related to the indication that gastric
alcohol hydrogenase activity is lower in women

than in men, thus leading to increased
bioavailability of ethanol in women.18

A possible limitation of this study is the use of
hospital controls, whose strengths and limitations
for the analysis of lifestyle habits have long been
debated.24 Still, we excluded from the control
group patients admitted for diseases potentially or

definitely related to alcohol drinking. Lack of total
exclusion of alcohol-related diseases, if anything,
would have tended to underestimate the associa-
tion for heavy drinkers.
Although recall bias and a certain amount of

under-reporting cannot be entirely dismissed, it is

reasonable to believe that cases and controls
should not have reported their consumption
differently, since alcohol drinking in Italy is

socially acceptable in women. It has been shown,
moreover, that simple questionnaires can assess

alcohol consumption reasonably well.28

Table IV Estimated
relative risk * of acute
myocardial infarction in
relation to average daily
total alcoholic beverage
consumption in separate
strata of age and selected
covariates. Italy, 1983-
1990.

Total alcoholic beverage consumption (drinks per day)

Non-drinkerst <1 >1-2 >2-3Covariate

Age:
<50
.50

Education:
<7
.7

>3 XZ (trend)

0-7 1.1 1 0 1 9 1*5
06 06 1-2 19 02

0 9 0-8 1.0 2-4 0-9
0-4 1-0 1-3 1-8 1-2

Smoking habits:
Never/ex-smoker 1 0-7 0 9 0 9 2-0 0-2

Current-<20 cigarettes/day 1 0-6 0-8 1-2 2 1 1 8

Current->20 cigarettes/day 1 0-7 0-7 1-4 1-8 0-3

*Estimates from multiple logistic regression. Allowance was made for age, education and smoking;

tReference category.

Table III Estimated
relative risks (RR) of acute
myocardial infarction and
95% confidence intervals
(CI) in relation to selected
measures of alcohol
consumption. Italy 1983-
90.
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In addition, in this study cases and controls
came from comparable catchment areas, partici-
pation was almost complete, and allowance for
major identified potential confounding factors did
not change materially the alcohol related RR
estimates. In particular, no difference was evident
between age adjusted and multivariate analysis for
light drinkers.
A possible explanation for the apparently higher

risk of myocardial infarction in non-drinkers is
that the group of alcohol abstainers included
subjects who were already ill or were at high risk of
heart disease for other reasons. In a British cohort
of over 7700 men,29 ex-drinkers and non-drinkers
were more frequently unmarried, and had the
highest prevalence rates of angina, electro-
cardiographic abnormalities, high blood pressure,
and several other chronic conditions. Light
drinkers may have a complex of multiple advan-
tageous characteristics such as lower smoking
levels, higher social class, more physical activity,
and a healthier diet. This does not necessarily
apply to the Italian population, however, where
moderate drinking, for instance, tends to be more
common in lower social class women.22

Multivariate analysis can partly, but not com-
pletely, take into account these potential differ-
ences in baseline characteristics. Our findings of
an apparently higher risk in abstainers compared
with light drinkers also agree with most previous
studies of chronic heart disease in men and
women.'2 15 30
The American Nurses' Health Study'5 found a

non-significant inverse linear trend in risk between
alcohol consumption and coronary heart disease.
In the Framingham study,4 12 women in the
highest alcohol consumption category (>30 g of
ethanol per day) had a non-significant reduced
risk of coronary heart disease relative to non-
drinkers. These results are only apparently
inconsistent with our findings ofan increasing risk
with dose in drinkers, since these American
studies had limited information on high alcohol
consumption.
Thus, a major strength and interest of this study

is the information not only on light and moderate
alcohol consumption, but also on intermediate
and higher levels ofintake in women. Most studies
suggesting protective effects of alcohol on
myocardial infarction in women, in fact, had
information restricted to below two or three drinks
per day. The apparent discrepancies with our
findings, if not due to chance or bias, should thus
be viewed against the different alcohol drinking
patterns and baseline characteristics of the Italian
population, whose mortality from acute
myocardial infarction is considerably lower than in
north America and most European countries.20-22
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