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Alcohol drinking in middle age and subsequent risk of mild
cognitive impairment and dementia in old age: a prospective
population based study
Tiia Anttila, Eeva-Liisa Helkala, Matti Viitanen, Ingemar Kåreholt, Laura Fratiglioni, Bengt Winblad, Hilkka Soininen,
Jaakko Tuomilehto, Aulikki Nissinen, Miia Kivipelto

Abstract
Objective To evaluate the relation between midlife alcohol
consumption and mild cognitive impairment and dementia in
old age, and the possible modification of this relation by
apolipoprotein E.
Design Prospective, population based study.
Setting Populations of Kuopio and Joensuu, eastern Finland.
Participants Of 1464 men and women aged 65-79 years
randomly selected from population based samples studied in
1972 or 1977, 1018 (70%) were re-examined in 1998 (after an
average follow up of 23 years).
Main outcome measures Mild cognitive impairment and
dementia in old age.
Results Participants who drank no alcohol at midlife and those
who drank alcohol frequently were both twice as likely to have
mild cognitive impairment in old age as those participants who
drank alcohol infrequently. The risk of dementia related to
alcohol drinking was modified by the presence of the
apolipoprotein e4 allele. The carriers of apolipoprotein e4 had
an increased risk of dementia with increasing alcohol
consumption: compared with non-carriers who never drank,
the odds ratio for carriers who never drank was 0.6, for
infrequent drinkers it was 2.3, and for frequent drinkers was 3.6
(the overall interaction term “drinking
frequency*apolipoprotein e4” was significant (P = 0.04), as were
the interactions “infrequent drinking*apolipoprotein e4”
(P = 0.02) and “frequent drinking*apolipoprotein e4”
(P = 0.03)). Non-carriers of apolipoprotein e4 had similar odds
ratios for dementia irrespective of alcohol consumption.
Conclusion Alcohol drinking in middle age showed a U
shaped relation with risk of mild cognitive impairment in old
age. Risk of dementia increased with increasing alcohol
consumption only in those individuals carrying the
apolipoprotein e4 allele.

Introduction
Alcohol drinking has been proposed as a possible risk factor for
cognitive impairment and dementia, though understanding the
association has proved difficult. Some studies have found no
association between alcohol drinking and cognitive
impairment1–3 or Alzheimer’s disease,4 5 whereas others have
found an association between heavy drinking and increased risk
of dementia.6 7 Some have claimed there is a J or U shaped rela-
tion between alcohol drinking and cognitive impairment8–10 or

dementia11–14; that is, light to moderate alcohol drinking might
have a protective effect compared with total abstention and
heavy drinking. The apolipoprotein e4 allele, which is the only
genetic risk factor for dementia with an established risk for the
general population, may modify the effects of alcohol on the risk
of developing cognitive impairment15 16 or dementia.12 17 How-
ever, the observed pattern of the effect modification has been
different across the studies.

Earlier studies of alcohol drinking and cognition defined
cognitive impairment in terms of performance in a variety of
neuropsychological tests and did not validate it by any clinical or
diagnostic concepts such as the criteria defining mild cognitive
impairment.18 Mild cognitive impairment is considered to be a
clinically identifiable entity and to carry a high risk for progres-
sion to dementia.19 20 Studies of alcohol drinking and dementia
have mainly been either cross sectional or carried out in elderly
cohorts with relatively short follow up times, making them prone
to biases caused by subclinical dementia and other factors.

In order to clarify the role of alcohol in the development of
dementia, one needs prospective studies with data on earlier
alcohol drinking and long follow up. Given that midlife risk fac-
tors contribute to the onset of the dementing disease processes,21

we investigated whether alcohol drinking in middle age could
influence the subsequent risk of dementia. The aim of this study
was to evaluate the association between midlife alcohol drinking
and the risk of mild cognitive impairment and dementia in old
age. We also investigated whether the apolipoprotein e4 allele
modifies this association.

Participants and methods
Participants
We selected our study participants from those in the
cardiovascular risk factors, aging and dementia (CAIDE) study,
which is described in detail elsewhere.22 The participants were
randomly selected from population based samples in two areas
in eastern Finland. They were enrolled in 1972, 1977, 1982, and
1987 within the framework of the North Karelia project and the
Finnish part of the monitoring trends and determinants in
cardiovascular disease (FINMONICA) study.23–25 Participation
rates in these surveys ranged from 82% to 90%.

A random sample of 2000 individuals aged 65-79 years in
1997 who were still alive and living in the study area were invited
for re-examination for the CAIDE study, and altogether 1449
(72.5%) were investigated in 1998. For the current study, we used
the subsamples who were first enrolled in 1972 and 1977. Of
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these 1464 people, 1018 (70%) participated. These 632 women
(62%) and 386 men (38%) had a mean (SD) age of 48.3 (4.8)
years at the time of their midlife examination and 71.7 (4.1) years
at their follow up examination in 1998. We obtained written
informed consent from all participants in 1998.

Surveys
The methods used in the baseline (midlife) survey were
standardised to follow international recommendations.25 In brief,
the survey included a self administered questionnaire on health
behaviour, health status, medical history (including specific
inquiry about any cerebrovascular or cardiovascular events and
conditions diagnosed by a physician), and socioeconomic
factors. Nurses trained for the survey went through the question-
naires to ensure that they were fully completed. Participants’
blood pressure, height, and weight were measured, and body
mass index (weight (kg)/(height (m)2) was calculated. A venous
blood specimen was taken to determine serum cholesterol,25 and
apolipoprotein E genotypes were analysed by means of the
polymerase chain reaction and HhaI digestion as described by
Tsukamoto.26

Alcohol consumption
The 1972 and 1977 questionnaire asked for details of the overall
frequency of alcohol drinking. For the present study, we classified
people as those who never drank alcohol, those who drank
“infrequently” (less than once a month), and those who drank
“frequently” (several times a month). In the follow up
examination in 1998, we asked about alcohol consumption in
more detail, from which we derived the comparable categories
with the earlier survey.

Cognitive assessments
The diagnostic procedures of the present study are described in
greater detail elsewhere.22 In brief, cognitive function was
assessed in 1998 with a three step protocol for diagnosing
dementia and mild cognitive impairment. Participants who
scored ≤ 24 on the mini-mental state examination27 were
selected for further examination.

The diagnostic criteria used for diagnosing mild cognitive
impairment were those proposed by the Mayo Clinic Alzheimer
Disease Research Center.28 29 These included (a) memory
complaint by patient, family, or physician; (b) normal activities of
daily living; (c) normal global cognitive function; (d) objective
impairment of memory or one other area of cognitive function,
as shown by scores > 1.5 standard deviations below the age
appropriate mean; (e) clinical dementia rating score of 0.5; and (f)
not demented.

The diagnosis of dementia was based on the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition, with Alzhe-
imer’s disease being diagnosed according to the criteria of the
National Institute of Neurological and Communicative Disor-
ders and Stroke and the Alzheimer’s Disease and Related Disor-
ders Association.30

Altogether 61 (5.8%) participants met the criteria for mild
cognitive impairment, and 48 (4.6%) met the criteria for demen-
tia, of whom 37 (77%) had Alzheimer’s disease. The total number
of dementia cases increased to 88 (6.0% of the population) when
we included information regarding the non-participants from
their patient records at the local hospitals and primary
healthcare centres. The people who did not fulfil the criteria for
mild cognitive impairment or dementia formed the control
group for our study.

Statistical analyses
We analysed the data using SPSS for Windows, version 11.0
(SPSS, Chicago, IL). We used analyses of variance and the �2 test
to test the differences between the alcohol consumption groups
(never, infrequently, or frequently). We investigated the
association between midlife alcohol and subsequent mild cogni-
tive impairment and dementia by means of multiple logistic
regression analyses, calculating odds ratios with 95% confidence
intervals. Since some studies, as well as our preliminary analyses,
indicated that there was a J or U shaped relation between alcohol
drinking and mild cognitive impairment and dementia, we used
infrequent drinkers as our reference group.

All analyses were adjusted for age, sex, and education.
Further analyses controlled also for the variables related with
midlife alcohol drinking frequency (midlife body mass index,
total cholesterol concentration, smoking status (smoker or non-
smoker), and follow up time) and for other vascular factors
(midlife systolic and diastolic blood pressure, history of myocar-
dial infarction and stroke at follow up).

We used stratified analyses to evaluate how different frequen-
cies of alcohol drinking affected the risk of mild cognitive
impairment or dementia separately in carriers and non-carriers
of the apolipoprotein e4 allele. We then tested the putative inter-
action between alcohol drinking and carrier status for
apolipoprotein e4 (e4 carrier/non-carrier) by adding the
interaction term for “alcohol drinking*apolipoprotein e4” into
the logistic regression model. From this model we calculated
odds ratios for each “alcohol drinking*apolipoprotein e4”
category.

We tested the interactions between alcohol drinking and sex
in a similar manner. The level of significance was P ≤ 0.05 in all
presented results.

Results
Characteristics of the participants according to their midlife
alcohol drinking
About 30% of the participants never drank alcohol, 40% drank it
infrequently, and 30% drank frequently (table 1). Among the fre-
quent drinkers, about 68% drank alcohol once or twice a month,
24% once a week, about 8% twice a week, and 1% daily. Among
the infrequent drinkers, more than 40% drank alcohol twice a
year or less frequently, and about 60% reported drinking three to
six times a year.

Non-drinkers were the oldest group at the follow up exami-
nation, and frequent drinkers were the youngest (table 1).
Non-drinkers were less educated than the other two groups.
Women were more likely to be non-drinkers or infrequent
drinkers, whereas men were more likely to be frequent drinkers.
Smoking was most common among frequent drinkers. Body
mass index and total cholesterol concentration tended to be
lower among infrequent drinkers than in the other two groups.
The proportion of people with a history of myocardial infarction
and stroke did not differ significantly according to drinking fre-
quency either at middle age (a few cases only, data not shown) or
old age. Mild cognitive impairment in old age was most common
among non-drinkers and least common in infrequent drinkers.
The frequency of old age dementia did not significantly differ
with drinking frequency (table 1).

Alcohol consumption in middle age and cognitive
impairment in old age
Participants who reported never drinking alcohol and those who
reported drinking alcohol frequently were both more than twice
as likely to have mild cognitive impairment in old age than those
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who drank infrequently, even after we controlled for age, sex, and
years of education (table 2). The results remained essentially the
same when we repeated the analyses with additional adjustment
for factors related to alcohol drinking or increased risk of
dementia, including follow up time, smoking, total serum choles-
terol concentration, body mass index, systolic and diastolic blood
pressure, and vascular diseases in old age. The risk of dementia
did not significantly differ between alcohol drinking categories
(table 2). Adding apolipoprotein E genotype to this second
model provided only slightly different odds ratios for dementia
(non-drinkers 0.81 (95% confidence interval 0.34 to 1.93), infre-
quent drinkers 1 (reference), frequent drinkers 1.57 (0.70 to
3.50)) and for mild cognitive impairment (non-drinkers 2.03
(0.95 to 4.34), infrequent drinkers 1, frequent drinkers 2.60 (1.19
to 5.69)).

Effect of apolipoprotein e4 allele
To investigate whether apolipoprotein E genotype modified the
effect of midlife alcohol drinking on the risk of dementia in old
age, we performed analyses stratified by apolipoprotein e4
carrier status. Because our results indicated that the risk of
dementia increased with increasing alcohol drinking frequency
(see table 2), we used the group who never drank as the reference

group. Among carriers of the apolipoprotein e4 allele, the risk of
dementia increased with increasing alcohol consumption after
all the adjustments (odds ratio for never drinking 1 (reference),
for infrequent drinking 4.08 (95% confidence interval 0.98 to
16.91), and for frequent drinking 7.07 (1.37 to 36.60)). Among
non-carriers of apolipoprotein e4, the risk of dementia did not
change significantly with alcohol drinking categories (odds ratio
for never drinking 1, for infrequent drinking 0.45 (0.13 to 1.60),
and for frequent drinking 0.75 (0.19 to 2.99)).

To detect the combined effect of apolipoprotein E genotype
and alcohol drinking in relation to dementia, we introduced the
interaction term “drinking frequency*apolipoprotein e4” into
the logistic regression model together with apolipoprotein e4,
drinking frequency, and other covariates. This showed a
significant interaction between apolipoprotein E and alcohol
drinking frequency, with the overall interaction term being
significant (P = 0.04). The interaction terms “infrequent
drinking*apolipoprotein e4” and “frequent drinking*apolipo-
protein e4” were also significant (P = 0.02 and P = 0.03,
respectively). The figure shows the odds ratios derived from this
model for each of the six possible combinations between
apolipoprotein e4 and drinking frequency. Compared with the
participants who never drank and did not carry the apolipopro-
tein e4 allele, e4 carriers who drank infrequently were 2.3 times
more likely to develop dementia, and carriers who drank
frequently were 3.6 times more likely. However, the risk of
dementia for e4 carriers who never drank was not different from
that for non-carriers who never drank. Among the non-carriers,
there was no association between alcohol drinking and the risk
of dementia.

The effect modification by apolipoprotein e4 for the associa-
tion between alcohol drinking and mild cognitive impairment in
the interaction model did not reach significance (P = 0.54 for the
overall interaction term, P = 0.39 for “never drinking*apolipo-
protein e4,” and P = 1.00 for “frequent drinking*apolipoprotein
e4,” with non-carriers of apolipoprotein e4 who drank
infrequently as the reference group).

As mild cognitive impairment and dementia can be seen as
points on the same cognitive continuum, we analysed how apoli-

Table 1 Sociodemographic and clinical characteristics of 1018 participants from eastern Finland according to their midlife alcohol consumption. Values are
means (standard deviations) unless stated otherwise

Characteristics

Alcohol drinking

P value*Never (n=300) Infrequent (n=423) Frequent (n=295)

Age at baseline (years) 48.4 (5.0) 47.8 (4.9) 47.7 (4.5) 0.11

Age at follow up (years) 72.3 (4.2) 71.4 (4.1) 70.8 (3.9) <0.01

Follow up time (years) 23.8 (2.5) 23.6 (2.5) 23.1 (2.4) <0.01

Time in education (years) 8.2 (3.3) 8.8 (3.3) 8.9 (3.7) 0.02

No (%) of men:women 50 (17):250 (83) 149 (35):274 (65) 187 (63): 108 (37) <0.01†

No (%) of apolipoprotein e4 carriers 112/291 (38) 145/411 (35) 102/289 (35) 0.63†

Midlife measurements (baseline)

Systolic blood pressure (mm Hg) 144.3 (20.5) 142.7 (19.6) 143.6 (18.2) 0.52

Diastolic blood pressure (mm Hg) 90.2 (10.0) 89.6 (10.9) 90.9 (10.9) 0.26

Total serum cholesterol concentration
(mmol/l)

6.9 (1.3) 6.7 (1.2) 6.8 (1.1) 0.09

Body mass index (kg/m2) 26.6 (3.7) 26.0 (3.6) 26.4 (3.3) 0.10

No (%) of smokers 54 (18) 193 (46) 204 (69.2) <0.01†

Old age measurements (follow up)

No (%) who have had myocardial infarction 41/295 (14) 60/414 (14) 54/292 (18) 0.24†

No (%) who have had stroke 22/289 (8) 32/410 (8) 18/286 (6) 0.71†

Results of cognitive assessment:

No (%) with no impairment (controls) 261 (87) 391 (92) 257 (87) 0.02†

No (%) with mild cognitive impairment 25 (8) 15 (4) 21 (7) 0.02†

No (%) with dementia 14 (5) 17 (4) 17 (6) 0.56†

*Analysis of variance used unless otherwise indicated. †�2 test used.

Table 2 Results of multiple logistic regression analyses showing influence
of participants’ midlife alcohol consumption on their cognitive status in old
age. Values are odds ratios (95% confidence intervals)

Cognitive status

Alcohol drinking

Never (n=300) Infrequent (n=423) Frequent (n=295)

Dementia:

Model 1* 0.88 (0.42 to 1.83) 1 (reference) 1.45 (0.72 to 3.01)

Model 2† 0.91 (0.39 to 2.14) 1 1.44 (0.66 to 3.15)

Mild cognitive
impairment:

Model 1* 2.08 (1.05 to 4.13) 1 2.34 (1.15 to 4.77)

Model 2† 2.15 (1.01 to 4.59) 1 2.57 (1.19 to 5.52)

*Analyses adjusted for age, sex, and education.
†Analyses adjusted for age, sex, education, follow up time, body mass index, total serum
cholesterol, systolic blood pressure, diastolic blood pressure, smoking, history of myocardial
infarction, and history of stroke.
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poprotein e4 modified the association between alcohol drinking
and cognitive impairment (including both mild cognitive
impairment and dementia). We found similar results as those
seen for dementia alone: there was a significantly increased risk
among e4 carriers who drank alcohol, more so among frequent
drinkers than infrequent drinkers. For the entire interaction
between alcohol drinking and apolipoprotein e4, the P value was
0.045. The odds ratio for the interaction term “infrequent
drinking*apolipoprotein e4” was 3.87 (P = 0.02), and for
“frequent drinking*apolipoprotein e4” it was 3.00 (P = 0.05).

Among men, frequent alcohol drinking was related to an
increased risk of mild cognitive impairment (odds ratio = 5.03,
P = 0.02) compared with infrequent drinking, but never drinking
did not significantly increase the risk (odds ratio = 3.84, P = 0.12).
Among women, neither frequent drinking nor never drinking
was significantly associated with an increased risk of mild cogni-
tive impairment (odds ratios 1.63 (P = 0.43) and 1.41 (P = 0.44)
respectively). Nevertheless, there was no interaction between sex
and alcohol drinking frequency for the risk of mild cognitive
impairment. Alcohol drinking was not significantly related to
risk of dementia in the analyses when we included sex
interactions (data not shown).

The results concerning the risk of dementia remained
unchanged when we repeated the analyses with the dementia
diagnoses derived from the patient registries also taken into
account.

Alcohol consumption in old age and cognitive impairment
Alcohol consumption in old age was in agreement with midlife
consumption (� = 0.36, P < 0.01). In the analyses of the
association between old age drinking and the prevalence of mild
cognitive impairment, we found again that non-drinkers more
often had mild cognitive impairment than did infrequent drink-
ers, even after we adjusted for age, education, and sex (data not
shown). However, frequent alcohol drinking was no longer asso-
ciated with mild cognitive impairment. Old age drinking was not
associated with dementia. Further adjustments did not change
these results. The apolipoprotein e4 allele did not significantly
modify the association between old age drinking and mild
cognitive impairment or dementia.

Non-participants
Non-participants at the follow up visit (1998) were, at the midlife
assessment, older than the participants (mean age 49.1 v 48.0
years, P = 0.01); had spent less time in education (7.7 v 8.7 years,
P < 0.01); and had higher systolic blood pressure (148.9 v 143.4
mm Hg, P < 0.01), diastolic blood pressure (92.3 v 90.1 mm Hg,

P < 0.01), total serum cholesterol concentration (7.0 v 6.8
mmol/l, P < 0.01), and body mass index (26.9 v 26.3, P < 0.01).
They also had dementia in old age (data from patient records)
more often than the participants (8.0% v 5.1%, P = 0.03).
However, their midlife alcohol consumption did not differ
significantly from that of the participants (non-drinkers 34.8% v
29.5%, infrequent drinkers 37.9% v 41.6%, and frequent drinkers
27.4% v 29.0%, P = 0.13), and the prevalence of smoking was
similar (47.7% v 44.3%, P = 0.23). The sex distribution of
non-participants was no different from that of participants
(64.3% v 62.1% women, P = 0.42).

Discussion
This study showed that midlife alcohol drinking was related to
the risk of mild cognitive impairment in old age in a U shaped
manner, with both non-drinkers and frequent drinkers having a
higher risk than infrequent drinkers. In contrast, no U shaped
relation was found for dementia. However, the apolipoprotein E
genotype seemed to modify the relation, with risk of old age
dementia increasing with increasing midlife alcohol consump-
tion only among carriers of the apolipoprotein e4 allele.

On the basis of these findings, we suggest that the path from
normal cognitive function to mild cognitive impairment is influ-
enced by environmental factors, such as frequent alcohol drink-
ing. However, a combined effect of detrimental environmental
factors (frequent drinking in this case) and genetic susceptibility
factors, such as apolipoprotein e4, may be needed for cognitive
impairment to progress into dementia.

Effects of alcohol consumption
Recent studies have detected a U shaped relation between alco-
hol consumption and various health outcomes, including
coronary heart disease, stroke, dementia, and cognitive
impairment.31 To our knowledge, our study is the first to show a
similar association to mild cognitive impairment. Previously,
associations between alcohol drinking and cognitive impairment
were assessed according to various psychometric based
definitions of cognitive impairment. The different measures used
mean it is difficult to compare different studies and to determine
the relevance of cognitive impairment in participants’ lives. The
concept of mild cognitive impairment takes into account both
psychometric and clinical aspects, and so mild cognitive impair-
ment may be considered to signify a clinically relevant entity
itself; it has also been suggested to represent a high risk state for
dementia.

Frequency of alcohol drinking

Od
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Combined effect of midlife alcohol drinking and apolipoprotein e4 allele on risk of dementia in old age. Values are odds ratios from one logistic regression analysis with
alcohol drinking frequency, apolipoprotein e4, and the interaction term “drinking frequency*apolipoprotein e4” in the model and fully adjusted (see methods).
Non-carriers of apolipoprotein e4 who never drank were the reference group. P value for the overall interaction “drinking frequency*apolipoprotein e4” is 0.04. The
odds ratio for the interaction term “infrequent drinking*apolipoprotein e4” is 8.52 (P=0.02) and for “frequent drinking*apolipoprotein e4” is 7.64 (P=0.03)
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Interestingly, the U shaped relation we found between
alcohol consumption and mild cognitive impairment has also
been found in other populations with respect to their different
drinking patterns and different alcohol levels.8–14 It is possible
that moderate lifestyles in general, which obviously vary accord-
ing to different cultural environments, protect from cognitive
deterioration. Thus, it may not be the direct effect of alcohol or
specific substances in alcoholic drinks that provide the
protection, but moderate alcohol drinking may be an indicator of
a complex set of favourable social and lifestyle factors. Some
studies have proposed that the protective effect of alcohol is due
to specific substances, such as flavonoids, in wine.32 33 This is
unlikely to be the reason for our results, since the most typical
alcoholic drinks in Finland at the time of our study were beer and
distilled liquor.

In the Rotterdam study12 the protective effect of alcohol
drinking was found mainly for vascular dementia, and the
authors suggested that moderate alcohol intake might protect
against dementia via a reduction in vascular risk factors. In our
study, most of the demented subjects had Alzheimer’s disease,
and we could not analyse the effect of alcohol consumption on
vascular dementia separately because of the small number of
cases. In our analyses, however, we controlled for vascular risk
factors and vascular diseases, but the protective effect of
infrequent drinking against mild cognitive impairment persisted.

Effects of apolipoprotein E genotype
Genetic susceptibility seems to modify the effect of alcohol on
risk of dementia. This may explain why we did not find
pronounced associations between alcohol drinking and risk of
dementia until we took into account the effect of apolipoprotein
E genotype. Our results of the modifying effect of the
apolipoprotein e4 allele agree with those from a US study with
regard to dementia17 and from a French study for cognitive test
performance.16 One possible explanation could be that people
with the e4 allele have less effective neural repair mechanisms,34

and thus they would be more susceptible to the deleterious
effects of alcohol.

The Rotterdam study also found a possible interaction
between alcohol and apolipoprotein e4, but in this case an
increase in the protective effect of light to moderate alcohol con-
sumption against dementia.12 The difference between these
results and ours may be attributable to the different patterns of
alcohol drinking in these two European countries. Typically, this
birth cohort of Finns, particularly women, had a relatively low
frequency of alcohol drinking, and the proportion who never
drank was higher than that in most western European
populations. It is possible that the deleterious effect of frequent
alcohol drinking seen among the apolipoprotein e4 carriers in
our study is visible because of the typical binge drinking pattern
of alcohol consumption (large quantities at a single session) in
the population. Other types of drinking (that is, more frequently
but not as much in any single session) may not have such detri-
mental effects even among e4 carriers.

With the possible exception of some Mediterranean
countries, the harmful binge drinking pattern is common world-
wide,35 and the historically more healthy patterns of drinking in
Europe are deteriorating in young people,36 which underlines
the importance of the health problems related to binge drinking.
The acute adverse effects (such as injuries) of binge drinking are
well known, but recent findings show that it also has harmful
long term effects such as predisposition to atherosclerosis37 and
coronary heart disease.38

Strengths and limitations of study
Our study design, a large population based prospective study
with a long follow up time, increases the credibility of our
findings. In studies with shorter follow up times and where alco-
hol consumption is assessed only in old age, subclinical demen-
tia may affect consumption—but this kind of bias is unlikely in
our study, where alcohol consumption was assessed at middle
age.

The limitation of most studies of alcohol consumption is the
reliability of the alcohol drinking data. However, errors in
reporting of consumption are in general linearly related
irrespective of how one tries to assess drinking,39 and so ranking
of individuals into different alcohol drinking categories, as we
did, should be possible. It was obvious that some of our
participants drank more alcohol than they reported, but this
would bias our results only if the difference between actual and
reported alcohol drinking was dependent on participants’ cogni-
tive function. This might be so in analyses of alcohol drinking in
old age—people with impaired cognitive abilities might forget
how much they have drunk—but at the time of our midlife
assessment most of our subjects were probably cognitively intact.

We investigated the possibility of selection bias in terms of
non-participation. Non-participants were more likely to have
dementia than the participants, but, since the non-participants
did not differ significantly from the participants in their midlife
alcohol consumption, their non-participation was not likely to
have biased the associations between midlife alcohol drinking
and mild cognitive impairment or dementia. There is also the
possibility of selective survival related to apolipoprotein E poly-
morphism. Heavy acute loads of alcohol, which are known to
increase vascular morbidity,37 more probably occurred in the fre-
quent drinkers of alcohol than in the other groups. If the
presence of the apolipoprotein e4 allele was related to increased
mortality in this group, then our results would underestimate the
relation between alcohol drinking and dementia.

Conclusions
Our results suggest that frequent alcohol drinking in middle age
is associated with cognitive impairment in later life. For frequent
drinking to be associated with increased risk of dementia,
however, the presence of the apolipoprotein e4 allele may be
necessary. This observation that apolipoprotein e4 may modify
the effect of alcohol is in agreement with the concept that cogni-
tive status is the consequence of both genetic and environmental
factors. However, the mechanism by which moderate alcohol
drinking could preserve cognitive function remains to be
clarified. Is it alcohol as such or some other social and lifestyle
factors that co-associate with certain drinking habits? Until all
such factors and associations with cognitive functioning have
been identified, we must be careful in how we interpret results
relating to alcohol consumption. Our current data indicate that
frequent alcohol drinking has harmful effects on the brain, and
this may be more pronounced if there is genetic susceptibility.
We therefore do not want to encourage people to drink more
alcohol in the belief that they are protecting themselves against
dementia.
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What is already known on this topic

A J shaped or U shaped relation between alcohol
consumption and cognitive impairment and dementia has
been reported

The apolipoprotein e4 allele may modify the effect of
alcohol on cognitive impairment and dementia, but the few
studies conducted produced conflicting results

What this study adds

This is the first population based study that prospectively
evaluated the effects of midlife alcohol drinking on the
development of mild cognitive impairment and dementia in
old age, taking into account genetic susceptibility

Midlife alcohol drinking had a U shaped association with
mild cognitive impairment in old age, but no such
association emerged in relation to dementia

Apolipoprotein E seemed to modify the association
between alcohol consumption and dementia; the risk of
dementia increased with increasing frequency of alcohol
drinking among carriers of the e4 allele
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