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Summary

Background Light-to-moderate alcohol consumption
reduces the risk of coronary heart disease and stroke.
Because vascular disease is associated with cognitive
impairment and dementia, we hypothesised that alcohol
consumption might also affect the risk of dementia.

Methods We examined the relation between alcohol
consumption and risk of dementia in individuals taking part
in the Rotterdam Study—a prospective population-based
study of 7983 individuals aged 55 years and older. We
studied all participants who did not have dementia at
baseline (1990–93) and who had complete data on alcohol
consumption (n=5395). Through follow-up examinations in
1993–94 and 1997–99 and an extensive monitoring
system, we obtained nearly complete follow-up (99·7%)
until the end of 1999. We used proportional hazards
regression analysis, adjusted for age, sex, systolic blood
pressure, education, smoking, and body-mass index, to
compare the risk of developing dementia between
individuals who regularly consumed alcohol and individuals
who did not consume alcohol.

Findings The average follow-up was 6·0 years. During this
period, 197 individuals developed dementia (146
Alzheimer’s disease, 29 vascular dementia, 22 other
dementia). The median alcohol consumption was 0·29
drinks per day. Light-to-moderate drinking (one to three
drinks per day) was significantly associated with a lower
risk of any dementia (hazard ratio 0·58 [95% CI
0·38–0·90]) and vascular dementia (hazard ratio 0·29
[0·09–0·93]). We found no evidence that the relation
between alcohol and dementia varied by type of alcoholic
beverage.

Interpretation These findings suggest that light-to-
moderate alcohol consumption is associated with a
reduced risk of dementia in individuals aged 55 years or
older. The effect seems to be unchanged by the source of
alcohol.
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Introduction
Light-to-moderate alcohol consumption is associated
with lower risks of coronary heart disease, ischaemic
stroke, and total mortality in elderly men and women.1–3

Since evidence is increasing that vascular disease is
associated with cognitive impairment and dementia,4,5

light-to-moderate alcohol intake might also reduce the
risk of dementia and Alzheimer’s disease. Conversely,
several studies suggested a neurotoxic effect of high
amounts of alcohol intake.6–8 Previously, a population-
based prospective study in Bordeaux, France, reported
an inverse association between wine consumption and
the risk of dementia.9 We hypothesised that light-to-
moderate alcohol intake was associated with a lower risk
of dementia, and aimed to quantify the relation between
alcohol consumption and the risk of dementia and
subtypes of dementia; specifically, we examined whether
the effect varied by type of alcoholic beverage.

Methods
Study population
This study was done as part of the Rotterdam Study—a
population-based prospective cohort study for which
residents aged 55 years and older of a suburb of
Rotterdam, Netherlands, including those living in
institutions, were asked to participate.10 The study was
approved by the Medical Ethics Committee of the
Erasmus Medical Centre Rotterdam. Participants gave
written informed consent and permission to retrieve
information from treating physicians. 

During the baseline examination (1990–93),
participants were interviewed at home by a trained
research assistant. Information was obtained on current
and past health, medication, lifestyle, and risk indicators
for chronic diseases. The participants subsequently
visited the study centre twice for clinical examinations.
A food-frequency questionnaire was given to
participants who attended the second visit at the study
centre (n=7006). The questionnaire was not
administered during the pilot phase of the Rotterdam
Study (n=273) nor to nursing-home residents (n=492).
Furthermore, 477 participants did not receive a dietary
questionnaire because of logistical reasons, and, since
people with dementia can provide unreliable answers
regarding their food patterns, the questionnaire was
either not administered to such individuals or was
excluded from analysis afterwards (n=97). For the same
reason, we excluded individuals (n=60) who were
screen-positive for low cognitive function (mini mental-
state examination [MMSE] score <26, or geriatric
mental state [GMS] score >0) and who scored less than 
80 points on the cognitive part of the Cambridge
examination for mental disorders of the elderly
(CAMCOG),11 which is the neuropsychological test
used in the case-finding procedure for dementia.
Because of logical inconsistencies in the dietary
interviews, 212 additional respondents were excluded
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later, resulting in 5395 completed reliable
questionnaires. Follow-up examinations took place in
1993–94 and 1997–99.

Alcohol intake
Before the baseline centre visits, participants received a
checklist on which they indicated all foods and drinks
they had consumed at least once during the preceding
year. The completed checklist formed the basis of an
interview at the study centre by a trained dietician. An
extensive, validated semiquantitative food-frequency
questionnaire was used.12,13 The questionnaire comprised
170 food items and all relevant beverages, including tea,
coffee, and alcohol.13

First, we asked participants whether they ever drank
alcohol. If the answer was affirmative, we asked about
the frequency of drinking. People who reported that they
drank alcohol at least twice a month were further asked
about the average amounts of specific beverages (wine,
beer, liquor, and fortified wine [eg, sherry, port]) that
they drank. Participants were furthermore asked if they
had changed their pattern of alcohol consumption
during the preceding 5 years (less than they used to
drink, more than they used to drink) and if they had
consumed more than six alcoholic beverages on one day
during the last year (binge drinking). Average daily
dietary nutrient intake was calculated by multiplication
of the frequency and amount consumed for each food
item by its nutrient content listed in an automated
version of the Dutch Food Composition Table.14

Diagnosis of dementia
Dementia screening and diagnosis during baseline and
follow-up examinations followed a three-step protocol,
as described in detail elsewhere.15 Briefly, all participants
were screened with a short test of cognition (MMSE and
GMS, organic level). Screen-positives underwent
further cognitive testing, and an informant was
interviewed on daily functioning of the participant.
People who were suspected of having dementia were
examined by a neurologist, and underwent
neuropsychological testing, and, if possible, magnetic
resonance imaging of the brain. Additionally, the total
cohort was continuously monitored for incident
dementia cases via linkage between the study database
and computerised medical records from general
practitioners and from the Regional Institute for
Outpatient Mental Health Care (RIAGG).15

Surveillance of the population through the general
practitioner and RIAGG reports continued up to 
Dec 31, 1999. Follow-up was virtually complete (99·7%:
complete information during the first follow-up period,
18 people lost to follow-up during the second follow-up
period). Of the individuals screened in person and those
monitored through general practitioners and RIAGG,
the study diagnosis of dementia was made according to
established criteria (NINCDS-ADRDA, NINDS-
AIREN, DSM-III-R) by a panel that reviewed all
existing information.15–18 Briefly, for the distinction
between Alzheimer’s disease and vascular dementia,
review of the data focused on cerebrovascular disorders
as determined by neurological examination or on
magnetic resonance imaging; their association with the
onset of dementia; the acuteness of onset and pattern of
disease progression; and the distribution of cognitive
deficits over the distinct domains of cognition. A
cerebrovascular event that occurred less than 3 months
before the onset of dementia strongly suggested a
diagnosis of vascular dementia. However, the presence

of cerebrovascular disorders did not prohibit a diagnosis
of Alzheimer’s disease. In individuals with the clinical
presentation of Alzheimer’s disease, a history of stroke
was regarded as not directly causally related to dementia
if the stroke had occurred long before or after the onset
of dementia. 

Other baseline measurements
The following baseline variables were used as possible
confounders: age; sex; diabetes (defined according to
WHO criteria as the use of medication for diabetes or a
random or post-load serum glucose concentration
>11 mmol/L); systolic blood pressure (measured in
sitting position at the right upper arm with a random-
zero sphygmomanometer); education (dichotomised into
primary education or less, and more than primary
education); smoking (categorised as never, past, or
current smoking); and body-mass index (weight
[kg]/height [m2]). A history of stroke was assessed at
baseline and afterwards through our monitoring system
and verified with medical records by a neurologist. A
history of myocardial infarction was assessed by direct
questioning and through the monitoring system, and was
verified by electrocardiography and by the patient’s
general practitioner or cardiologist.

Apolipoprotein E (APOE) genotyping was done on
coded DNA samples without knowledge of the
diagnosis. The PCR product was digested with the
restriction enzyme HhaI, and fragments were separated
by electrophoresis.19 Homozygotes and heterozygotes for
the APOE*4 allele were combined and designated as the
APOE*4 category.

During the home interview, participants were asked to
report and show all medication used during the week
preceding the interview. Subsequently, all drugs were
classified according to their corresponding anatomical-
therapeutical-chemical (ATC) code.

Statistical analysis
We estimated the risk of dementia associated with
alcohol consumption with Cox’s proportional hazards
regression analysis. We assessed alcohol as a categorical
and as a continuous (number of glasses per day)
variable. Since heavy alcohol consumption has
neurotoxic effects and is reportedly associated with an
increased risk of dementia,6–8 we created a category for
heavy drinking (four or more glasses per day) and
categorised the rest into about equally-sized groups (no
alcohol intake; less than one glass per week; one or more
glasses per week but less than one per day; one to three
glasses per day). No alcohol intake was used as reference
category. Because of the putative different effect of high
levels of alcohol intake, we repeated the analyses with
alcohol as a continuous variable, excluding people who
drank four or more glasses per day. All analyses were
controlled for age (continuously per year) and sex.

To check whether associations could be attributed to
confounding, analyses were repeated with possible
confounders added to the models (education, smoking,
body-mass index, diabetes, and systolic blood pressure).
All analyses were repeated with dementia subtypes
(Alzheimer’s disease, vascular dementia) as the
outcome. We checked the proportional hazards
assumptions by plotting Kaplan-Meier curves and by
plotting log minus log curves. To examine whether the
overall effect of alcohol consumption on dementia was
significant, we compared the log likelihood for the
models excluding alcohol to the corresponding models
including alcohol.
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We examined possible effect modification by sex, age,
smoking, education, or APOE genotype, through
stratified analyses. Furthermore, we tested for statistical
interaction by adding interaction terms to the regression
models: sex�alcohol intake category; age
(continuously)�alcohol intake category; smoking
(categorical)�alcohol intake category; education
(categorical)�alcohol intake category; APOE
(categorical: APOE*4 present or absent)�alcohol intake
category.

The risk of dementia and dementia subtypes
associated with specific types of alcoholic beverages was
analysed as follows. For each individual, we expressed
the amount of intake of wine, beer, liquor, and fortified
wine as a percentage of that individual’s total alcohol
intake. Next, we added these alcohol-type-specific
variables to the model that already contained amount of
alcohol intake in categories as described above. The
change in likelihood between the model with total
amount of alcohol and the model with total amount as
well as type of alcohol reflects whether the risk of
dementia was dependent on specific alcoholic beverages
beyond any effect of alcohol itself. The risk of dementia
associated with intake of specific types of beverages
(beer, liquor, and fortified wine) was expressed relative
to the risk associated with wine drinking.

To check whether any observed relation between
alcohol intake and risk of dementia was due to selection
bias in the reference group (no alcohol intake), we
repeated the analyses excluding those who reported use
of medication in which alcohol intake was
contraindicated (anxiolytics, antidepressants, and
hypnotics). Additionally, we excluded participants with a
history of alcoholism (n=4) and those with alcohol
consumption less than twice a month (n=28).
Cardiovascular disease might make people change their
alcohol intake, and hence we also repeated the analyses
excluding those with diagnosed myocardial infarction or
stroke at baseline (n=715) and those who used
antihypertensive medication at baseline (n=1646).

Finally, we repeated the analyses excluding participants
who reported a change in their pattern of alcohol
consumption in the past 5 years, since reported intake
over the past year might not accurately reflect habitual
intake over a longer period.

Role of the funding source
The study sponsors had no involvement in study design;
in the collection, analysis, and interpretation of data; in
the writing of the report; nor in the decision to submit
the paper for publication.

Results
During 32 341 person-years of follow-up (mean follow-
up 6·0 years), 197 participants developed dementia
(incidence rate 6·1/1000 person-years). Alzheimer’s
disease was diagnosed in 146 (74%) patients (134
without and 12 with cerebrovascular disease), vascular
dementia was diagnosed in 29 (15%) patients, and 22
(11%) were diagnosed with other types of dementia
(including eight with Parkinson’s disease dementia).

Table 1 shows the baseline characteristics of the study
population according to categories of alcohol
consumption. Median alcohol consumption was 0·29
glasses per day (IQR 0·01–1·24), and was higher for
men (0·87, 0·15–2·24) than for women (0·11,
0·00–0·73). With increasing alcohol intake, the
proportion of never smokers and less-educated
individuals sharply decreased. Table 2 shows the
distribution of consumption of alcoholic beverages in
the study population. Beer and liquor were mainly
consumed by men. Fortified wine was mainly consumed
by women.

Alcohol consumption was associated with a lower risk
of dementia. The deviance for a model including alcohol
was 4·08 when alcohol was analysed as a continuous
variable (p=0·04) and 6·48 when it was analysed as a
categorical variable (p=0·166), compared with a model
excluding alcohol. The overall effect of alcohol
consumption in categories on the risk of dementia is
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Alcohol consumption

None* <1 drink per week �1 drink per week 1–3 drinks per day �4 drinks per day
but <1 per day

Number of individuals (number with dementia) 1113 (62) 1156 (44) 1518 (48) 1443 (38) 165 (5)
Mean (SD) age (years) 69·2 (8·1) 68·4 (7·8) 67·2 (7·7) 66·9 (7·4) 65·2 (6·4)
Number of women 836 (75%) 884 (77%) 889 (59%) 552 (38%) 22 (13%)
Mean (SD) blood pressure (mm Hg)

Systolic 140·0 (22·8) 139·6 (21·9) 137·4 (22·2) 137·4 (21·2) 142·4 (20·8)
Diastolic 73·0 (11·2) 73·8 (11·0) 73·4 (11·2) 73·9 (11·2) 77·4 (10·7)

Smoking status
Never 522 (47%) 554 (48%) 511 (34%) 211 (15%) 10 (6%)
Past 368 (33%) 402 (35%) 680 (45%) 787 (55%) 68 (41%)
Current 219 (20%) 196 (17%) 323 (21%) 432 (30%) 87 (53%)

Mean (SD) body-mass index (kg/m2) 26·6 (4·2) 26·6 (3·9) 26·6 (3·5) 26·0 (3·2) 26·1 (3·6)
Number with diabetes† 159 (15%) 88 (8%) 95 (6%) 134 (10%) 24 (15%)
Number with primary education or less† 509 (46%) 436 (38%) 467 (31%) 395 (28%) 47 (29%)
Number with APOE*4 allele present† 317 (30%) 283 (26%) 394 (27%) 397 (29%) 35 (22%)

*Including 28 participants who reported using alcohol less than twice a month. These individuals did not differ from non-drinkers with respect to age, sex, smoking
status, or educational level.
†Proportion calculated based on actual number of individuals with data on this variable.

Table 1: Baseline characteristics of participants in the Rotterdam Study

Beer Wine Liquor Fortified wine

Number of Median (IQR) Number of Median (IQR) Number of Median (IQR) Number of Median (IQR) 
individuals drinks/day individuals drinks/day individuals drinks/day individuals drinks/day

Total 1132 (21%) 0·31 (0·09–0·95) 1994 (37%) 0·14 (0·05–0·47) 1886 (35%) 0·90 (0·18–2·49) 1745 (32%) 0·22 (0·06–0·87)
Men 980 (44%) 0·34 (0·10–1·10) 655 (30%) 0·24 (0·06–0·59) 1338 (61%) 1·25 (0·36–2·49) 395 (18%) 0·26 (0·07–0·87)
Women 152 (5%) 0·14 (0·07–0·38) 1339 (42%) 0·12 (0·04–0·44) 548 (17%) 0·41 (0·08–1·30) 1350 (42%) 0·17 (0·04–0·75)

Table 2: Distribution of alcohol intake over subtypes of alcoholic beverage in the Rotterdam Study
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shown in table 3. Compared with no alcohol
consumption, light-to-moderate drinking (one to three
drinks per day) was associated with a significantly lower
risk of dementia. The effect of light-to-moderate
drinking seemed most prominent among men (age-
adjusted hazard ratio 0·39 [0·21–0·72]) for men, 0·80
[0·45–1·45]) for women), yet the statistical interaction
between sex and alcohol consumption was far from
significant (p=0·49). We also found no significant
interactions with age (p=0·09), smoking (p=0·71), or
level of education (p=0·14).

For vascular dementia and other dementia, we had a
limited number of cases and hence only adjusted for age
and sex in order not to over-fit our models. However, the
hazard ratios from the fully adjusted models were nearly
identical to those from the models we only adjusted for
age and sex. Analyses related to subtypes of dementia
showed that the effect of alcohol was mainly present for
vascular dementia (table 3). When alcohol was analysed
as a continuous variable, the hazard ratio adjusted for
education, smoking, body-mass index, diabetes, and
systolic blood pressure was 0·86 (0·73–1·00) per glass of
alcohol per day when we included the entire range of
alcohol consumption (men 0·86 [0·71–1·04], women
0·90 [0·67–1·19]), and 0·79 (0·65–0·96) per glass of
alcohol per day when we excluded heavy drinkers who
consumed four or more glasses per day (men 0·75
[0·58–0·96], women 0·91 [0·68–1·23]).

Table 4 shows the relation between light-to-moderate
alcohol consumption and risk of dementia according to

absence or presence of an APOE*4 allele. Light-to-
moderate alcohol consumption seemed to be associated
with a lower risk of vascular dementia in the absence and
presence of the APOE*4 allele; however the confidence
intervals were wide owing to the small sample size. The
association with alcohol seen for overall dementia and
for Alzheimer’s disease was achieved with lower amounts
of alcohol intake in carriers of the APOE*4 allele.
However, the interaction term was not significant
(overall dementia p=0·23).

We found no support for the hypothesis that the risk of
dementia or subtypes of dementia varied according to
the type of alcoholic beverage consumed. A model in
which we included specific types of alcoholic beverages
(wine, beer, liquor, and fortified wine) as well as
different amounts of alcohol was not significantly better
than a model without specific types of alcoholic
beverages (p=0·40). This finding is also reflected in the
figure, which shows the hazard of dementia associated
with drinking beer, liquor, or fortified wine relative to
that associated with wine drinking, controlling for total
amount of alcohol intake.

Only 346 (6%) participants reported a change in
drinking pattern during the previous 5 years. A higher
proportion of people with changed drinking patterns
reported drinking less (5%) than drinking more (1%).
The results essentially did not change with iterative
exclusion of participants with changed drinking patterns,
those with a history of alcoholism (0·1%), those who
drank less than twice a month (0·5%), or those who were
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Dementia subtype Hazard ratio (95% CI)

No alcohol <1 drink per week �1 drink per week 1–3 drinks per day �4 drinks per day
but <1 per day

All dementia* (n=197)
Total 1·00 0·82 (0·56–1·22) 0·75 (0·51–1·11) 0·58 (0·38–0·90) 1·00 (0·39–2·59)
Men 1·00 0·60 (0·27–1·34) 0·53 (0·28–1·00) 0·40 (0·21–0·74) 0·88 (0·32–2·44)
Women 1·00 0·91 (0·58–1·44) 0·91 (0·55–1·49) 0·85 (0·47–1·57) ··‡

Alzheimer’s disease* (n=146)
Total 1·00 0·91 (0·58–1·44) 0·91 (0·58–1·44) 0·72 (0·43–1·20) 1·17 (0·35–3·55)
Men 1·00 0·40 (0·11–1·50) 0·81 (0·35–1·86) 0·52 (0·22–1·20) 1·16 (0·30–4·47)
Women 1·00 1·05 (0·64–1·72) 0·92 (0·53–1·62) 0·96 (0·49–1·85) ··‡

Vascular dementia† (n=29)
Total 1·00 0·79 (0·30–2·08) 0·36 (0·12–1·08) 0·30 (0·10–0·92) 1·53 (0·31–7·56)
Men 1·00 1·19 (0·30–4·80) 0·33 (0·07–1·46) 0·29 (0·07–1·18) 1·71 (0·31–9·51)
Women 1·00 0·54 (0·13–2·16) 0·46 (0·09–2·29) 0·40 (0·05–3·34) ··‡

Other dementia† (n=22)
Total 1·00 0·39 (0·10–1·46) 0·49 (0·17–1·46) 0·37 (0·11–1·18) ··‡
Men 1·00 0·42 (0·08–2·18) 0·17 (0·03–0·88) 0·25 (0·07–0·92) ··‡
Women 1·00 0·34 (0·04–3·27) 1·57 (0·35–7·15) 0·68 (0·07–6·64) ··‡

*Adjusted for age, sex, body-mass index, systolic blood pressure, diabetes, smoking, and education. †Adjusted for age and sex only. The fully adjusted models, though
over-fitted, yielded nearly identical results. ‡None of the individuals in these groups had dementia at follow up.

Table 3: Hazard ratios of dementia and subtypes of dementia according to alcohol consumption

Dementia subtype Hazard ratio (95% CI)*†

No alcohol <1 drink per week �1 drink per week but <1 per day 1–3 drinks per day‡

All dementia
APOE*4 absent (n=99) 1·00 1·03 (0·60–1·78) 1·07 (0·62–1·85) 0·53 (0·27–1·02)
APOE*4 present (n=89) 1·00 0·71 (0·40–1·25) 0·46 (0·25–0·84) 0·56 (0·32–1·00)

Alzheimer’s disease
APOE*4 absent (n=75) 1·00 1·26 (0·67–2·37) 1·39 (0·73–2·64) 0·67 (0·31–1·46)
APOE*4 present (n=65) 1·00 0·69 (0·35–1·34) 0·46 (0·23–0·94) 0·60 (0·30–1·21)

Vascular dementia§
APOE*4 absent (n=13) 1·00 0·91 (0·24–3·43) 0·55 (0·13–2·42) 0·17 (0·02–1·55)
APOE*4 present (n=13) 1·00 0·78 (0·19–3·27) 0·26 (0·05–1·37) 0·26 (0·06–1·17)

*Adjusted for age, sex, body-mass index, systolic blood pressure, diabetes, smoking, and education. †APOE status was not determined in 226 individuals (four with
dementia). ‡Because only five people with incident dementia consumed four or more drinks per day, we could not obtain reliable estimates for this category. §Adjusted
for age and sex only. The fully adjusted models, though over-fitted, yielded nearly identical results.

Table 4: Hazard ratios of dementia and subtypes of dementia according to alcohol consumption, stratified for APOE*4 status
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binge drinkers (6·2%). The hazard ratio for light-to-
moderate drinking after exclusion of participants with
changed drinking patterns was 0·57 (95% CI
0·36–0·89), and after exclusion of binge drinkers was
0·56 (0·36–0·88).

The hazard ratio did not change much after exclusion
of people with prevalent stroke or myocardial infarction
at baseline (hazard ratio light-to-moderate drinking 0·55
[0·33–0·92]), but slightly decreased after exclusion of
participants who used antihypertensive medication (0·48
[0·27–0·86]). Use of medications that contraindicated
alcohol consumption (anxiolytics, hypnotics, and
antidepressants) was reported by 691 (13%)
participants. Again, exclusion of these individuals did
not alter the results appreciably (0·60 [0·37–0·98]).

Discussion
We found that, in this population of individuals aged 
55 years or older, those who consumed up to three
glasses of alcohol per day had a lower risk of dementia
and vascular dementia than those who never drank
alcohol.

Some limitations of this study have to be considered.
Alcohol consumption was based on a semiquantitative
food-frequency questionnaire. Although assessment of
alcohol intake embedded in a food-frequency
questionnaire shows high reproducibility,20,21 under-
reporting and over-reporting are possible. Several studies
report that errors are, in general, linearly related to
intake.22 If under-reporting is indeed linearly related to
the level of intake, serious bias in estimates of health risk
can occur, but ranking of individuals according to their
alcohol intake is still possible. Because of this under-
reporting, the amounts of alcohol consumption
associated with certain health risks might in fact be
higher than those indicated. 

An important feature of the Rotterdam Study is that
alcohol intake was assessed at baseline, before the onset
of dementia. To obtain reliable data, we administered
our food-frequency questionnaire only to people who
were living independently and had good cognitive
function. This practice resulted in a relatively healthy
cohort of older individuals, which was reflected in a
lower incidence of dementia than in the cohort as a
whole.23 Therefore, cognitive impairment is unlikely to
have influenced alcohol intake at baseline. Since we had

nearly complete follow-up, selection bias did not play a
part in our findings.

Several mechanisms could be responsible for the
inverse relation between consumption of up to three
alcoholic drinks a day and dementia. One possibility is
that alcohol might act through reduction of
cardiovascular risk factors,1–3 either through an inhibitory
effect of ethanol on platelet aggregation,24 or through
alteration of the serum lipid profile.25 Our finding that
the lower risk was seen mainly for vascular dementia is in
agreement with this hypothesis. A second possibility is
that alcohol might have a direct effect on cognition
through release of acetylcholine in the hippocampus.
There is substantial evidence that acetylcholine
facilitates learning and memory.26 The effect of alcohol
on acetylcholine release in the hippocampus is thought
to be biphasic: in rats, a low concentration of alcohol
(0·8 g/kg) stimulated acetylcholine release, whereas
higher alcohol concentrations (2·4 g/kg) were
inhibitory.27 This mechanism might explain our finding
that alcohol intake of up to three glasses a day was
associated with a lower risk of dementia, whereas higher
intake was not.

The analyses stratified by APOE genotype suggested
an interaction between this variable and alcohol
consumption. The fact that the interaction was not
significant might either reflect low power or real absence
of interaction. Evidence for a mediating effect of
apolipoprotein E in the relation between alcohol and
cognitive function has been suggested in one study,28 but
was not confirmed in another.29 Oxidation of
apolipoprotein E allows it to bind � amyloid, which is
thought to increase plaque formation among carriers of
the APOE*4 allele.30 The antioxidative effect of alcohol
could suppress this binding.31 Alternatively, since
APOE*4 is associated with lower concentrations of HDL
cholesterol and higher concentrations of LDL
cholesterol, light-to-moderate alcohol consumption
might protect against dementia by improving the lipid
profile of APOE*4 carriers.32 Further studies are needed
to clarify the relation between apolipoprotein E and
alcohol consumption.

Previously, the PAQUID study in Bordeaux, France,9

reported that wine consumption is associated with a
lower risk of dementia, but our data did not suggest a
different effect of specific types of alcoholic beverages
beyond the effect of alcohol itself. However, wine was
the only source of alcohol reported by more than 95% of
the regular drinkers in the PAQUID study. Therefore, it
was unable to distinguish between sources of alcohol
intake. The detailed food frequency questionnaire in our
study enabled us to examine various amounts and
different sources of alcohol intake. Our observations are
consistent with recent findings of the Canadian Study of
Health and Aging33 and with findings from several
studies on coronary heart disease.1,34
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