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Sex Differences in the Association between Alcohol Consumption and
Cognitive Performance

Carole Dufouil,1 Pierre Ducimetiere,2 and Annick Alperovitch1 for the EVA Study Group

Heavy alcohol drinking is associated with cognitive impairment, but little is known concerning the cognitive
effect of moderate alcohol consumption. The Epidemiology of Vascular Aging (EVA) Study is a longitudinal
study of cognitive and vascular aging. Between June 1991 and June 1993, 1,389 subjects aged 59-71 years
(574 men and 815 women) who had been recruited from the electoral rolls of Nantes, France, were examined.
Trained psychologists administered a battery of 10 neuropsychological tests assessing most areas of cogni-
tive functioning. Detailed information on alcohol intake was collected during a structured interview. A multiple
linear regression model was used to examine the relations between test scores and alcohol consumption at
baseline in men and women separately, controlling for age, education, income, depressive symptoms, and
smoking status. Odds ratios for being a high cognitive performer (i.e., being in the top 10% of the distribution
of summary scores from the neuropsychological battery) were calculated. Among men, neuropsychological
test scores were not associated with alcohol consumption in either univariate or multivariate analysis; nor did
the proportion of high cognitive performers vary by alcohol consumption. In contrast, among women,
significant positive associations between alcohol consumption and cognitive performance were observed for
most tests in multivariate analysis. For example, for the Mini-Mental State Examination, the adjusted mean
score for female nondrinkers was 27.5 and that for the heaviest drinkers 28.2 (p < 0.001). The odds ratio for
being a high cognitive performer was 2.5 (95% confidence interval 1.1-5.7) for women who usually consumed
two or more drinks per day in comparison with nondrinkers. These findings suggest that, among women,
moderate alcohol consumption may have a beneficial effect on cognitive function. Am J Epidemiol 1997;146:
405-12.

aged; alcohol drinking; cognition; sex factors

Many studies have demonstrated that alcohol abuse
is associated with both the incidence of dementia and
cognitive decline (1-3), but the effect of regular mod-
erate alcohol consumption on cognitive performance
remains unclear (4-7). Two recent studies carried out
in elderly men (8, 9) suggested that moderate alcohol
consumption was associated with higher cognitive
scores. In a study of 333 Dutch men, Launer et al. (8)
found that men with cardiovascular disease or diabetes
mellitus and low to moderate alcohol intake had a
significantly lower risk for poor cognitive functioning;
an opposite trend was found in men without cardio-
vascular disease or diabetes, in whom alcohol intake
was associated with a slightly increased risk of a low
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cognitive score. Alcohol did not influence subsequent
cognitive decline in either of the two subgroups (8). In
contrast, results reported by Christian et al. (9) from a
prospective study of 4,739 US veteran twins suggested
a small protective effect of past moderate alcohol
intake on cognitive function.

In the present study, the association between alcohol
consumption and cognitive functioning was examined
in 1,389 elderly men and women participating in the
Epidemiology of Vascular Aging (EVA) Study. Cog-
nitive status was assessed by a battery of neuropsy-
chological tests covering different areas of cognitive
functioning.

MATERIALS AND METHODS

Study design

The EVA Study is a longitudinal study of vascular
and cognitive aging. The study population is com-
posed of volunteers born between 1922 and 1932 who
were recruited from the electoral rolls of the city of
Nantes in western France. When a subject was re-
cruited, his or her spouse was systematically asked to
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participate in the study if he or she was in the required
age range. During the baseline visit, which took place
between June 1991 and July 1993, 1,389 subjects were
enrolled in the study. The study protocol was approved
by the Comite d'Ethique du Centre Hospitalier
Universitaire de Kremlin-Bicetre (Kremlin-Bicetre,
France), and written consent was obtained from all
participants.

The EVA cohort is composed of volunteers who
differ from the general population aged 60-70 years in
terms of several characteristics. Fourteen percent of
the EVA participants have had 12 or more years of
schooling, as compared with 7 percent of the general
population; they also have a higher socioeconomic
status. Because of the study design, the proportion of
persons living alone, especially widowed women, is
low in the EVA cohort. Overall, the proportion of
women (58.9 percent) is similar to that in the general
population aged 60-70 years (60.1 percent).

Baseline interviews and examinations were con-
ducted at the study center. Data on demographic back-
ground, occupation, medical history, medication use,
and personal habits were obtained using a standardized
questionnaire during a face-to-face interview. In the
present analysis, baseline data were used to examine
the cross-sectional relation between cognitive perfor-
mance and alcohol consumption.

Neuropsychological tests

All participants were given a battery of 10 neuro-
psychological tests designed to cover multiple areas of
cognitive functioning. The tests were administered by
trained psychologists. The Mini-Mental State Exami-
nation provided a global assessment of cognitive func-
tioning (10). Attentiveness was assessed via three
tests: two tests for visual attention—the Trail Making
Test, part B (11), and the Digit Symbol Substitution
portion of the Weschler Adult Intelligence Scale-
Revised (12)—and one test for auditory attention, the
Paced Auditory Serial Addition Test (13). The battery
also included assessment of visual memory (the Ben-
ton Visual Retention Test (14)); of visual and percep-
tive processing (the Benton Facial Recognition Test
(15), short form); of verbal memory (the Auditory
Verbal Learning Test (16)); and of general skills such
as logical intelligence and reasoning (Raven Progres-
sive Matrices (17)) and verbal fluency (the Word
Fluency Test (18)). Assessment of psychomotor speed
(the Finger Tapping Test (19)) was also included in
this battery. The amount of time allotted for comple-
tion of the battery ranged from 60 minutes to 90
minutes.

Alcohol

Usual daily intake of alcohol was estimated from a
questionnaire on food habits. Subjects were requested
to specify the type (wine, beer, aperitifs, spirits, liquor)
and quantity (in number of glasses) of alcoholic bev-
erages they usually consumed at different times of the
day (at breakfast, in the morning, at lunch, during
snack time, at dinner, and in the evening). Total daily
intake was estimated in milliliters according to the
average number of milliliters of ethanol in one glass of
each type of alcoholic beverage (wine = 13 ml,
beer = 18 ml, liquor = 4 ml, aperitifs = 10 ml,
spirits = 24 ml). Total daily intake of ethanol was then
converted into the equivalent number of drinks per day
by | dividing total consumption in milliliters by 13,
which is the ethanol content of one glass of wine. In
view of the different alcohol intake habits of men and
women, frequency of daily alcohol consumption was
categorized differently by sex. For men, frequency
was categorized as never drinking, <2 drinks per day,
2-5 drinks per day, and ^ 5 drinks per day. For
women, frequency was grouped as never drinking, <2
drinks per day, and S2 drinks per day.

Covariates

The following covariates were selected on the basis
of available evidence suggesting their possible associ-
ation with cognitive function, alcohol consumption, or
both: age, education, monthly income, smoking, hy-
pertension, history of vascular disease, and depression.
Monthly income was categorized as low (<$l,000),
medium ($l,000-<$2,000), or high (>$2,O00). With
respect to smoking behavior, a subject was classified
as a never smoker, former smoker, or current smoker.
Two independent measurements of systolic and dia-
stolic blood pressure were made with a digital elec-
tronic tensiometer after a 10-minute rest, and the mean
value was used in the analysis. Hypertension was
defined as systolic blood pressure a 160 mmHg or
diastolic blood pressure &95 mmHg, or use of anti-
hypertensive medication. History of vascular disease
was defined as a self-reported history of stroke, myo-
cardial infarction, angina pectoris, or arteritis. Depres-
sive symptomatology was assessed by means of the
Center for Epidemiologic Studies Depression Scale
(20). This scale consists of 20 self-report items con-
cerning symptoms and feelings experienced during the
preceding week. Each item is scored from 0 to 3
according to the frequency of the symptom. The
higher the score, the higher the level of depressive
symptomatology. Evaluation of the scale in a French
population showed that men and women scoring >16
or >22, respectively, should be considered at high risk
for clinical depression (21).
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Statistical methods

Because of sex differences in alcohol drinking hab-
its, all analyses were conducted separately in men and
women. Relations between alcohol consumption and
the covariates were tested by the chi-square test for
categorical variables and by analysis of variance for
continuous variables.

We built a composite score from the 10 cognitive
test scores as follows. Each test score distribution was
standardized (mean = 0, standard deviation (SD) = 1)
so that all tests were equally weighted in the total
score. The composite score was computed as the mean
of the sum of the standardized scores; the composite
score increased with better overall cognitive perform-
ance. Subjects with scores over the 90th percentile
limit of the composite score distribution were classi-
fied as high cognitive performers.

The cross-sectional association between cognitive
function and alcohol intake was examined in several
ways. Analysis of variance and linear regression mod-
els were used to assess the relation of each of the 10
test scores and the composite score with alcohol con-
sumption. Crude and adjusted analyses, controlling for
age, education, income, smoking, and depressive
symptoms, were performed. Logistic regression mod-
eling provided estimates of the relative risk of high
overall cognitive performance, as defined above, as-
sociated with different levels of alcohol intake. Anal-
yses were conducted using the SAS statistical software
package (22).

RESULTS

The characteristics of the study sample are shown in
table 1. Mean age was 65.0 years (SD 3.1) for both

TABLE 1. Characteristics of subjects in the EVA* Study, by sex, Nantes, France, 1991-1993

Age (years) (%)
59-62
63-66
67-71

Mean years of education

Monthly income (%)
Low (<$1,000)
Medium ($1,00O-<$2,000)
High (>$2,000)

Smoking status (%)
Never smoker
Former smoker
Current smoker

Equivalent§ no. of drinks of alcohol per day (%)
0
<2
2-5
>5

Type of alcoholic beverage (% of total alcohol intake)
Wine
Cider
Beer
Aperitif
Spirits

Mean systolic blood pressure (mmHg)

Mean diastolic blood pressure (mmHg)

History of vascular disease (%)

High level of depressive symptomatology^] (%)

Men
(n = 574)

22.8
43.2
34.0

11.3(4.3)$

3.3
30.8
65.9

23.2
62.2
14.6

12.9
37.2
40.6

9.2

83.2
0.8
2.6

13.1
0.2

137 (18)

82 (12)

12.5

14.2

Women
(n=815)

24.4
41.8
33.7

10.3 (3.2)

10.6
44.6
44.8

82.8
12.8
4.4

38.0
51.6
10.4

75.9
0.9
0.8

21.8
0.5

128 (16)

78 (10)

7.9

14.2

P
valuet

0.77

<0.001

<0.001

< 0.001

< 0.001

0.59

<0.001

<0.001

<0.01

0.99

* EVA, Epidemiology of Vascular Aging.
t Based on chi-square test for qualitative variables and analysis of variance for continuous variables (k-1 df).
$ Numbers in parentheses, standard deviation.
§ Calculated according to ethanol content.
H Center for Epidemiologic Studies Depression Scale (20).
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men and women. The proportion of subjects with a
high monthly income was significantly higher in men
than in women. Most men reported past or present
smoking (76.8 percent) as compared with only 17.2
percent of women. Overall, mean daily alcohol con-
sumption was 28.7 ml (SD 26.6) for men and 8.1 ml
(SD 12.4) for women; among drinkers, mean alcohol
consumption was 33.0 ml (SD 26.0) and 13.1 ml (SD
13.6) for men and women, respectively. The propor-
tion of nondrinkers was higher in women than in men.
For men, as for women, most of the total alcohol
intake resulted from wine drinking. Hypertension was
found in 39.0 percent of men and 28.6 percent of
women (p < 0.001); similarly, a history of cardiovas-
cular disease was more frequently reported by men
than by women. The proportion of subjects reporting a
high level of depressive symptoms was exactly the
same in men and women.

Factors associated with alcohol consumption

Men and women differed in terms of factors asso-
ciated with alcohol consumption, except for age,
which was not related to alcohol consumption (table
2). Number of years of schooling and income were
significantly associated with alcohol intake in women
but not in men. Tobacco use and alcohol consumption
were significantly correlated in men but not in women.

In men, nondrinkers and very light drinkers (<2
drinks/day) had lower systolic and diastolic blood
pressures than persons who drank more heavily. There
was a nonsignificant relation between hypertension
and alcohol consumption in men, although hyperten-
sion was more frequent among those reporting two or
more drinks of alcohol per day (42.7 percent vs. 34.3
percent; p < 0.05). Blood pressure was independent of
alcohol intake in women, but the proportion of hyper-
tensive women decreased with increasing alcohol con-
sumption. Data suggested that the relation between
drinking and self-reported history of vascular disease
differed in men and women (table 2), but no signifi-
cant association was found in either sex. Nevertheless,
in men, the lowest proportion of subjects reporting a
history of vascular disease was found among those
with the highest daily alcohol intake ( s 5 drinks/day),
whereas in women the proportion with a history of
vascular disease was higher in nondrinkers than in
drinkers.

The proportion of women with a high level of de-
pressive symptomatology decreased—but not signifi-
cantly—with higher alcohol intake. In men, there was
a significant relation between alcohol consumption

and depressive symptomatology, with data taking an
apparent U-shaped pattern.

Cognitive function and alcohol intake

Univariate (data not shown) and multivariate (table
3) analysis showed that the association between alco-
hol intake and cognitive functioning differed in men
and women. In men, both univariate and multivariate
analysis showed that none of the 10 test scores, nor the
composite score, was significantly associated with
drinking habits.

Overall, we found that women with low to moderate
alcohol intake had higher cognitive scores. Multiple
linear regression models adjusting for age, education,
income, smoking, and depression showed a significant
linear performance improvement with increasing alco-
hol intake for six cognitive measures in women (table
3); borderline improvements were found for two ad-
ditional tests. Our findings did not suggest that spe-
cific cognitive areas were more susceptible to an al-
cohol effect than others.

Logistic regression analyses controlling for age, ed-
ucation, income, depression, and smoking were used
to estimate odds ratios for high cognitive performance
associated with different levels of alcohol intake (table
4). High performers were defined as subjects scoring
in the 90th percentile of the composite score. (There
were 58 men and 81 women in this category.) Non-
drinkers were the reference category. In men, alcohol
consumption was not associated with high cognitive
scores; on the contrary, high alcohol consumption
(^5 drinks/day) was associated with poorer cogni-
tive performance. In women, analyses showed a
dose-response association between alcohol intake and
high cognitive scores. In comparison with nondrinking
women, the odds for good cognitive functioning were
multiplied by 1.7 and 2.5 for women who consumed
<2 drinks per day and ^ 2 drinks per day, respec-
tively. No significant association was found between
smoking and high cognitive performance (table 4).
Both men and women who were current smokers had
higher odds of being high performers, as compared
with nonsmokers and former smokers, but odds ratios
were not significantly greater than 1.

Because of the cross-sectional nature of our data,
potential bias related to changes in drinking habits due
to hypertension or a history of vascular disease should
be considered. This bias might confound the relation
between alcohol consumption and cognitive function-
ing. When subjects with hypertension or a history of
vascular disease were excluded from the analysis, the
associations between alcohol consumption and cogni-
tive functioning remained unchanged in both women
and men (data not shown).
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TABLE 3. Association* between alcohol intake and cognitive scores among men and women in the EVAf Study, by sex, Nantes,
France, 1991-1993

Mini-Mental State Examination
Word Fluency Test
Digit Symbol Substitution Task
Benton Visual Retention Test
Benton Facial Recognition Test
Paced Auditory Serial Addition Test
Trail Making Test, part B#
Finger Tapping Test
Auditory Verbal Learning Test
Raven Progressive Matrices

Composite score

None
(n = 73)

27.9
34.9
41.2
11.8
21.1
13.6
2.23
130

38.2
15.5

-0.14

<2
(n = 210)

28.0
33.4
41.1
11.3
21.2
14.1
2.32
130

39.0
15.1

-0 .18

Equivalent no. of drinks of alcohol per day

Men

2-5
(n = 229)

28.2
35.6
41.3
11.6
21.2
14.0
2.36
129

40.2
15.3

-0.09

a5
(n = 52)

28.1
34.0
40.0
11.5
20.7
13.5
2.34
127

39.2
15.6

-0.15

p
value§

0.44
0.29
0.86
0.18
0.56
0.89
0.82
0.78
0.44
0.44

0.55

None
(n = 305)

27.5
34.1
42.2
11.2
21.9
13.2
2.50
113

44.1
13.6

-0.15

Women

<2
(n = 414)

28.0
35.1
44.1
11.2
21.8
13.7
2.33
114

44.8
14.4

-0.01

a2
(n = 83)

28.2
37.6
45.4

11.3
21.6
14.7
2.10
115

46.0
14.5

0.07

p
valueH

<0.001
0.03
0.005
0.69
0.45
0.06

<0.001
0.24
0.06
0.003

<0.001

* Mean scores after data were controlled for age, education, level of income, depressive symptoms, and smoking status,
t EVA, Epidemiology of Vascular Aging.
\ Calculated according to ethanol content.
§ Based on analysis of variance (3 df).
11 Based on multiple linear regression analysis (1 df).
# Lower scores indicate better cognitive function.

DISCUSSION

This study, conducted in a French population sam-
ple aged 59-71 years, suggests that the association
between alcohol consumption and cognitive abilities is
sex-dependent. In men, we found no significant rela-
tion between alcohol consumption and cognitive
scores. In contrast, among women, with a range of
daily alcohol consumption between zero and approx-
imately four drinks, we found an overall positive lin-
ear association between cognitive scores and alcohol
consumption. This relation persisted when data were
controlled for age, income, education, and depressive
symptomatology, and could not be attributed to a

possible change in drinking habits due to vascular
disease or high blood pressure.

A few studies have examined the relation between
alcohol intake and cognitive function. Among four
cross-sectional studies that included both men and
women, three were inconclusive and only one, con-
ducted in East Boston, Massachusetts, by Hebert et al.
(23), found an overall significant positive association
between alcohol consumption and cognitive function-
ing. Results of separate analyses stratified by sex were
not reported. In a sample of elderly men, Launer et al.
(8) reported that moderate alcohol consumption was
associated with better cognitive performance. In nei-

TABLE 4. Odds ratios for high cognitive performance in the EVA* Study, by level of alcohol consumption and smoking status,
Nantes, France, 1991-1993

Equivalent^ no. of drinks of alcohol
per day

0
<2
2-5
£5

Smoking status
Never smoker
Former smoker
Current smoker

No.

73
210
229
52

133
357
84

%
high

8.2
9.5

11.8
5.8

9.0
10.4
10.7

Men

Odds
ratio!

1.0
1.1
1.2
0.6

1.0
1.0
1.3

95% Cl*

0.3-2.2
0.5-3.0
0.1-2.4

0.5-2.1
0.4-2.9

No.

305
414

83

675
104
36

%
high

7.2
10.4
18.1

8.6
13.9
17.3

Women

Odds
ratio!

1.0
1.7
2.5

1.0
1.1
1.8

95% Cl

1.0-2.9
1.1-5.7

0.6-2.9
0.6-5.3

* EVA, Epidemiology of Vascular. Aging; Cl, confidence interval.
t Controlled for age, education, level of income, and depressive symptoms.
X Calculated according to ethanol content.
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ther Hebert et al.'s study (23) nor Launer et al.'s study
(8) did analysis of longitudinal data confirm the cross-
sectional relation found between alcohol consumption
and cognitive performance. In contrast, results re-
ported by Christian et al. (9) from a study of 4,739
twin men in the United States indicated a small pro-
tective effect of past moderate alcohol intake on cog-
nitive functioning.

The rationale for conducting analyses separately by
sex is that men and women usually have different
patterns of alcohol consumption, at least in France.
These differences concern not only the level of con-
sumption but also the factors associated with it. In this
study, we found that associations between education,
income, depression, medication use, and alcohol con-
sumption were stronger in women than in men. Anal-
yses of relations between blood pressure, hyperten-
sion, and history of vascular disease also showed
differences between men and women.

Volunteers who participate in the EVA Study have
a higher educational level, socioeconomic status, and
cognitive performance than the general population of
the same age (24). However, the selection bias affects
men and women in the same way and cannot explain
our findings. Nevertheless, the possibility cannot be
excluded that unknown factors related to alcohol con-
sumption influence the participation of men and
women differently.

The validity of data on alcohol consumption is an-
other important methodological issue. It is not known
whether bias due to underestimation of self-reported
alcohol consumption was of a similar nature and mag-
nitude in both sexes. It is likely that nondrinkers were
a more heterogeneous subgroup in men, since this
subgroup might include a higher proportion of ex-
drinkers. In contrast, compliance with medical advice
is usually better among women, who may be more
prone to stop drinking alcohol because of health prob-
lems. Since information on past drinking and drinking
history is not available in the EVA Study, we could
not verify these hypotheses. Thus, sex-dependent bias
and measurement errors might partly explain the dif-
ferent patterns of association between alcohol con-
sumption and cognitive function seen in men and
women.

Studies have suggested that chronic moderate alco-
hol consumption may be associated with risk of cere-
brovascular disease (25-28). Numerous biologic
mechanisms have been proposed as explanations for
this association, including blood pressure, cerebral
blood flow, and large cerebral artery arteriosclerosis.
In the EVA Study, we have found that the presence of
carotid plaques is associated with lower cognitive
scores in men only (29). We found no relation between

alcohol consumption and the presence of carotid
plaques or carotid artery wall thickness in either sex
(30, 31).

Numerous studies have indicated that acute expo-
sures to alcohol in various concentrations have a pos-
itive or negative effect on neuronal activities (32, 33).
To our knowledge, the neuronal consequences of low-
level chronic brain exposure to alcohol have not been
investigated. Sex differences in alcohol metabolism
(34, 35) and interactions between alcohol metabolism
and hormonal status might partly explain why the
relations between alcohol consumption and cognitive
functioning are not similar in men and women.

Even if biologic mechanisms cannot be totally ex-
cluded, the most likely interpretation for our findings
is that, in women—but not in men—low to moderate
alcohol consumption is a marker of general well-being
or of a behavioral pattern associated with good cog-
nitive functioning. The sociocultural determinants of
male drinking habits might be less related to cognitive
abilities.

In conclusion, this analysis did not suggest any
negative effect of low to moderate alcohol intake on
cognitive functioning in older adults. Moreover, we
found that alcohol consumption was associated with
better cognitive scores in women. The cross-sectional
nature of our data and the recognition of possible
unmeasured confounding factors and bias limit the
interpretation of our findings.
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