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Abstract

Background: Associations between alcohol consumption and cognitive function are discordant and data focusing on
midlife exposure are scarce.

Objective: To estimate the association between midlife alcohol consumption and cognitive performance assessed 13 y later
while accounting for comorbidities and diet.

Methodss: 3,088 French middle-aged adults included in the SU.V.LMAX (1994) study with available neuropsychological
evaluation 13 y later. Data on alcohol consumption were obtained from repeated 24h dietary records collected in 1994-
1996. Cognitive performance was assessed in 2007-2009 via a battery of 6 neuropsychological tests. A composite score was
built as the mean of the standardized individual test scores (mean =50, SD=10). ANCOVA were performed to estimate
mean differences in cognitive performance and 95% confidence intervals (Cl).

Results: In women, abstainers displayed lower cognitive scores than did low-to-moderate alcohol drinkers (1 to 2 drinks/
day) (mean difference = —1.77; 95% Cl: —3.29, —0.25). In men, heavy drinkers (>3 drinks/day) had higher cognitive scores
than did low-to-moderate (1 to 3 drinks/day) (mean difference =1.05; 95% Cl: 0.10, 1.99). However, a lower composite
cognitive score was detected in male drinkers consuming =90 g/d (=8 drinks/d). A higher proportion of alcohol intake from
beer was also associated with lower cognitive scores. These associations remained significant after adjustment for diet,
comorbidities and sociodemographic factors.

Conclusion: In men, heavy but not extreme drinking was associated with higher global cognitive scores. Given the known
harmful effects of alcohol even in low doses regarding risk of cancer, the study does not provide a basis for modifying
current public health messages.
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influence) and injuries [4-6]. A more complex relationship has
been reported between level of alcohol consumption and
cardiovascular disease, as light-to-moderate drinking may in fact
display beneficial effects [4,6].

The association between cognitive function or risk of dementia
and alcohol consumption has received a great deal of attention

Introduction

At present, treatments to cure or slow the progression of
cognitive decline and dementia are not available, arguing for a
focus on prevention through health behaviors including physical,
social, and cognitive activities, and dictary intake [1-3]. Among

these modifiable factors, alcohol consumption is of major concern
because it is a well-known risk factor for many chronic diseases
including fetal alcohol syndrome, neuropsychiatric disorders,
cancer, and also for certain risk behaviors (eg, driving under the
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over the past few decades and several reviews of scientific evidence
have recently become available [7-9]. In particular, the impor-
tance of evaluating the sex-specific associations has been
highlighted because of fundamental differences between men
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and women 1in alcohol consumption patterns and their impact on
health/functioning [9] .

The most consistent findings across sex and age concern a
somewhat higher risk of cognitive impairment or dementia among
abstainers compared to low-to-moderate drinkers [7]. In turn, firm
conclusions are not yet established, in particular regarding
cognitive decline, because of heterogeneous methodology and
relatively low overall quality of the evidence [10]. For example, it
has been emphasized that sex-specific and alcoholic beverage-
specific data are insufficient, although a beneficial impact of wine
intake has been suggested in a few studies [7,9].

Dietary intake, assessed via holistic approaches, has been
associated with cognitive outcomes [11-14] and epidemiologic
findings suggest a positive correlation between alcohol intake and
unhealthy dietary patterns (characterized by increased consump-
tion of meat/processed food and low consumption of plant-derived
foods) [15]. In a context where moderate alcohol consumption
may help to preserve cognitive function, it is of major interest to
assess whether diet indeed accounts for the observed associations.
Moderate alcohol consumers have been shown to engage in
healthy lifestyles, which has been attributed to their higher
educational levels [16].

We hypothesized that midlife alcohol intake (total and by
source) would be longitudinally associated with cognitive perfor-
mance and that these associations would be independent of
comorbidities, sociodemographic and economic factors and global
quality of the diet.

Materials and Methods

Population

The SU.VL.MAX study (1994-2002) included a total of 12,741
French adults (7,713 women aged 35-60 and 5,028 men aged 45—
60) and was initially designed as an 8-year randomized double-
blind, placebo-controlled primary prevention trial to test the
potential efficacy of daily supplementation with antioxidants at
nutritional doses on the incidence of cancer, ischemic heart disease
and overall mortality [17,18]. During that period, participants
were invited to a yearly check-up consisting of blood sampling
alternating with a clinical examination. At the end of the
supplementation period (2002), a total of 6,850 subjects had
agreed to participate in a post-supplementation observational
follow-up, the SUVILMAX 2 study [19]. These participants
attended a clinical examination during 2007-2009. The SU.VI.-
MAX and SU.VIL.MAX 2 studies were conducted according to the
guidelines laid down in the Declaration of Helsinki and were
approved by the Ethics Committee for Studies with Human
Subjects of Paris-Ciochin Hospital (CCPPRB n° 706 and n° 2364,
respectively) and the Comité National Informatique et Liberté
(CNIL n° 334641 and n° 907094, respectively). Written informed
consent was obtained from all subjects.

Selection Criteria for the Present Study

Among the 6,850 adults included in the SU.VIL.MAX 2 study, a
total of 4,447 individuals aged 4560 y at baseline completed all
cognitive tests. Among them, 3,362 participants had complete
dietary intake data (i.e., at least three complete 24-h dietary
records provided during the first two years of follow-up, to account
for variability in alcohol intake). From that subsample, we selected
a total of 3,088 participants without missing values on any of the
covariables for inclusion in the present analysis.
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Alcohol Consumption and Dietary Data

During the SU.VIMAX study, subjects were invited to
complete a 24 h dietary record every 2 months for a total of 6
records per year, randomly assigned across two weekend days and
four weekdays per year. Thus, each day of the week and all seasons
had an equal chance of being covered. In turn, that allowed taking
into account individual variability in intake. Dietary data were
collected using the Minitel Telematic Network. The Minitel is a
small terminal that was widely used in France as an adjunct to the
telephone at the beginning of the SUVIMAX study. At
enrollment, the participants received a calendar with the assigned
days for the 24-hour dietary data reporting and a small central
processing unit specifically developed for the study. It contained
specialized software that allowed subjects to fill out the comput-
erized dietary record off-line and to transmit the data during brief
telephone connections. Participants were assisted by an instruction
manual for coding food portions, including validated photographs
of more than 250 foods represented in three main portion sizes.
Two intermediate and two extreme portions made up a total of
seven different portion sizes [20]. Additional assistance was
available by telephone.

Detailed information on alcoholic beverage consumption was
provided with the 24-h dietary records. Participants could specify
intake from a total of 46 different beverage items, including several
types of wine, beer, cider and spirits. Accurate quantities were
estimated through a set of 30 validated photographs showing
various serving (glass) sizes.

Food, alcoholic beverage, and nutrient intakes (including
alcohol) were based on the mean intakes across all selected 24-h
records. Global dietary quality was calculated using a modified
version of the validated Programme National Nutrition Santé -
Guidelines Score (PNNS-GS), which estimates adherence to
French nutrition recommendations. PNNS-GS computation,
including food groupings, serving sizes, scoring, and cut-offs, has
been described in detail elsewhere [21]. Scoring and cut-off
criteria are shown in Supplemental Table 1. For the present
analysis, we used a modified score (NPNNS-GS) after removing
the alcohol intake and physical activity components.

Cognitive Data

Self-reported memory troubles (yes/no) were recorded at
baseline (1994).

During the SU.VIL.MAX 2 phase (2007-2009), all participants
were invited for a neuropsychological evaluation carried out by
trained neuropsychologists. Validated tests limiting floor and
ceiling effects were selected as regards cognitive domains affected
during brain aging [22,23]. Episodic memory was evaluated using
the RI-48 test, a delayed cued recall test (maximum score of 48)
[24]. Lexical-semantic memory was assessed by verbal fluency
tasks, including a semantic fluency task (naming as many animals
as possible) and a phonemic fluency task (citing words beginning
with the letter P). The score was the number of correct words
produced during a 2-min period for each task [23]. Working
memory was assessed with the forward and backward digit span.
One point was scored for each correct sequence repeated, with a
maximum score of 14 points for digit span forward as well as
backward [25]. Mental flexibility was assessed through the Delis-
Kaplan trail-making test (connecting numbers and letters alter-
nating between the two series). The score was the time in seconds
needed to complete the task [26].

Covariates

At baseline, information on gender, date of birth, smoking
status, medication use (antihypertensives, anti-diabetic treatments),
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Table 1. Comparison between included and excluded participants regarding baseline characteristics and neuropsychological test

scores, SU.VI.MAX 2 Study, 2007-2009 (N = 6,850).

Variable Excluded participants Included participants o
mean * sd or % n with available data mean * sd or % n with available data

General characteristics

Male 49 2495 54 3088 0.0002

Age at baseline (years) 51*5 2495 52+5 3088 <0.0001

BMI (kg/m?) 245+3.6 2375 243+34 3088 0.09

Education 2359 3088 0.02

Primary 23 21

Secondary 40 40

University or equivalent 36 39

Occupational status 2308 3088 0.001

Unemployed 7 8

Manual labor 5 6

Intermediate professions 55 51

Self-employed, farmer 5 4

Managerial staff 28 32

Physical activity 2407 3088 0.04

Irregular 25 23

<1h walking/d or equivalent 30 30

=1h walking/d or equivalent 45 47

Smoking status 2230 3088 0.34

Non-smoker 51 51

Former smoker 37 39

Current smoker 12 10

Intervention group (1994-2002) 53 2495 53 3088 0.95

mPNNS-GS 6.5%1.6 950 6.61.6 3088 0.32

Alcohol intake (g/d) 19.5+21.1 1086 20.5+20.9 3088 0.10

Alcohol categories (drinks/d) 1086 3088

Abstainers 8.8 7.8 0.21

>0 to 2 for women/3 for men 66.9 65.5

>2 for women/>3 for men 24.2 26.7

Number of 24-h dietary records 9.7%33 1086 10.1%3.1 3088 <0.0001

Energy intake b (Kcal/d) 2133+615 1086 2196+610 3088 <0.0001

Memory troubles at baseline (yes/no) c 42 1086 36 3088

RI-48 cued recall task d 25.8*+6.3 1410 26.4+6.0 3088 <0.0001

Semantic fluency d 28.9%8.1 1396 29.8+8.2 3088 <0.0001

Phonemic fluency d 22.1+6.8 1401 22.9*6.6 3088 <0.0001

Delis-Kaplan trail-making test e 97.5%£42.2 1403 91.4+37.7 3088 <0.0001

Forward digit span f 6.8+£2.0 1439 7.1%20 3088 <0.0001

Backward digit span f 6.1+2.1 1438 6.3+2.1 3088 <0.0001

CES-D score g 9.8+8.2 2405 87+74 3088 <0.0001

P values based on Kruskal-Wallis test or chi-squared test.

PWithout energy from alcohol.

“Sex-adjusted %.

9Number of words.

“The score on the trail making test is reported as time taken to complete the task. A lower score indicates better performance.

fNumber of correct sequences was repeated until the participant failed two consecutive trials of the same digit span.

9CES-D range between 0 and 60; lower score indicates fewer depressive symptoms.

doi:10.1371/journal.pone.0052311.t001
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occupational category, retirement status, physical activity and
education was collected. At the first clinical examination (1995—
1996), anthropometric measurements and blood pressure (BP)
were assessed. Weight was measured using an electronic scale,
with subjects wearing indoor clothing and no shoes. Height was
measured under the same conditions with a wall-mounted
stadiometer. Systolic and diastolic BP were measured twice during
a single visit following a 10-min rest and the two measurements
were averaged.

At the SU.VL.MAX 2 phase, retirement status and medication
use were self-reported. Depressive symptoms were assessed using
the French version of the Center for Epidemiologic Studies
Depression Scale (CES-D) [27]. BP was assessed using a semi-
automatic device (Digital blood pressure monitor OMROM UA-
787; OMRON Corporation, Kyoto, Japan). Systolic and diastolic
BP were again measured twice during a single visit following a 10-
min rest and the two measurements were averaged. Fasting blood
samples were obtained at baseline and at the end of the follow-up
and all biochemical measurements were centralized. Fasting blood
glucose was measured using an enzymatic method (Advia 1650;
Bayer Diagnostics). During the entire follow-up, in case of
suspected cardiovascular disease, relevant medical data (clinical,
biochemical, histological, radiological reports) were requested
from participants, physicians and/or hospitals. All reported
cardiovascular events were reviewed and validated by an
independent expert committee.

Statistical Analyses

Individual cognitive test scores were converted into T scores
(mean = 50, SD = 10) [28]. Thus, a one-point difference in the test
score corresponded to one-tenth of a SD difference. A composite
cognitive score defined as the mean of the standardized individual
test scores was first computed and then rescaled to SD = 10. Thus,
a one-point difference in the test score corresponded to a one-tenth
of a SD difference. Daily alcohol intakes - total and by source
(wine, beer and spirits) - were computed as the mean values across
all 24-h records. Total alcohol intake was converted to the number
of alcoholic drinks consumed in one day, considering that 1 drink
was equivalent to 11 g of alcohol. Daily alcohol use categories
were defined as follows: abstainers (0 drinks/d), low-to-moderate
drinkers (1 to 3 drinks/d for men and 1 to 2 drinks/d for women)
and heavy drinkers (>3 drinks/d for men and >2 drinks/d for
women).

In addition, sex-specific tertiles of percent alcohol from wine
were computed. For percent alcohol from spirits and beer, a no-
consumer category and two categories according to the median
value among consumers were defined. Body mass index (BMI) was
calculated as the ratio of weight to squared height (kg/m?). History
of hypertension was defined as systolic BP =140 mm Hg or
diastolic BP = 90 mm Hg, or reporting of antihypertensive drug
use. History of diabetes mellitus was defined as glucose concen-
trations =7 mmol/L or reporting of antidiabetic drug use. Time-
dependent retirement status was computed as follows: retired at
baseline, retired during follow-up, not yet retired at the end of
follow-up.

Included SU.VIMAX 2 subjects were compared to those
excluded from the present study. Descriptive baseline character-
istics by sex are reported as mean (SD) or percentage across
alcohol consumption categories. Reported P-values refer to a
linear contrast test (after a natural log or square root transforma-
tion to improve normality), non-parametric Wilcoxon rank test or
to the chi? test, as appropriate. Covariance analyses were used to
estimate the difference in mean cognitive scores (95% confidence
interval) across alcohol intake categories using low-to-moderate
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drinkers as reference. P for trend was assessed using linear contrast
tests across categories. A quadratic contrast was also calculated.

The first ANCOVA model was adjusted for age at the
neuropsychological assessment (y) (Model 1). Model 2 was adjusted
for age at the neuropsychological assessment (y), number of 24-h
dietary records, education (primary, secondary, university or
equivalent), supplementation group (active or placebo), baseline
BMI (kg/m?), memory troubles (yes/no), occupational category
(unemployed, manual workers, intermediate professions, self-
employed or farmers, managerial staff), tobacco use status (never,
former, current), physical activity (irregular, <lh walking/d or
equivalent, =1h walking/d or equivalent). The third ANCOVA
model was further adjusted for comorbidities (depressive symp-
toms at cognitive evaluation, history of hypertension (yes/no),
history of diabetes (yes/no), history of cardiovascular diseases (yes/
no)). The final model (Model 4) further included mPNNS-GS and
energy intake without alcohol (Kcal/d). Data imputations were
carried out in cases of missing mPNNS-GS values. Models
focusing on percent alcohol from wine, beer or spirits were
adjusted for total alcohol intake.

A secondary analysis was performed using a moredetailed
categorisation of alcohol use, as previously suggested [29].
Specifically, the following categories of daily alcohol intake in g/
d were considered: 0, 0.1 to 4.9, 5.0 to 14.9, 15.0 to 29.9, 30.0 to
59.9, and =60.0 in women; 0, 0.1 to 4.9, 5.0 to 14.9, 15.0 to 29.9,
30.0 to 59.9, 60.0 to 89.9, and =90.0 in men.

Finally, in sensitivity analyses, we used inverse probability
weighting to correct the estimates for potential selection bias [30—
32]. First, a logistic regression model was fitted using baseline
covariates to predict the probability of inclusion in the present
analysis for each participant. Then, the main analysis was rerun
using the inverse of the predicted probabilities as weights. All tests
of statistical significance were two-sided and the type I error was
set at 5%. Statistical analyses were performed using SAS software
(version 9.2, SAS Institute Inc, Cary, NC, USA).

Results

Comparison of Included and Excluded Participants

Compared with included subjects, subjects in SU.VI.MAX 2
excluded from the current study were younger, with lower levels of
education, less often men and less physically active. Excluded
subjects also had fewer 24-h records, worse scores on the CES-D
and on the neuropsychological tests, and reported more frequent
memory troubles at baseline. No difference in alcohol consump-
tion was detected (Table 1).

Sample Description

At baseline, men and women were 52.4 (4.6) and 51.5 (4.5)
years of age, respectively (p<<0.001). Daily median alcohol intake
was 28.5 g in men and 11.2 g in women (p<<0.001).

Characteristics of the participants are presented by gender
across alcohol intake categories (Table 2). In both men and
women, increasing alcohol consumption was associated with being
a former or current smoker, a higher number of 24-h records,
higher energy intake and higher percent energy from lipids, lower
percent energy form carbohydrates as well as poorer diet quality,
estimated through the mPNNS-GS. In men, increasing alcohol
intake was also associated with higher percent energy from
proteins. In women, heavy drinkers less frequently displayed high
levels of physical activity and were more educated.
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P2

Heavy drinkers
(>2 drinks/d)

32
17

Low to* moderate
drinkers
(>0-=<2 drinks/d)

25
7

Women
Abstainers
(0 drinks/d)
24

P

Heavy drinkers
(>3 drinks/d)

57
16

Low to moderate
drinkers
(>0-=3 drinks/d)

47
9

Men
Abstainers
(0 drinks/d)
16

41

Table 2. Cont.
Variable

Former

Current

Abbreviations: mPNNS-GS: modified Programme National Nutrition Santé-Guidelines Score.

'Values are mean (SD) or % as appropriate except when otherwise noted.

2P is based on linear contrast (log-transformed data except for mPNNS-GS) or chi? test, as appropriate.

3Median values.

“Energy intake without alcohol.

®Percent of energy intake (without alcohol).
doi:10.1371/journal.pone.0052311.t002

PLOS ONE | www.plosone.org

Alcohol and Cognition

Association between Global Cognitive Function and
Midlife Total Alcohol Intake

Associations between the composite cognitive score and alcohol
intake are presented in Table 3. In the age-adjusted model (Model
1), heavy drinking was associated with better cognitive perfor-
mance. The association was slightly attenuated after adjustment
for age, number of 24-h records, BMI, baseline memory troubles,
education, occupational category, tobacco use status and physical
activity (Models 2 and 3). This association was not modified by
further adjustment for comorbidities, energy intake and mPNNS-
GS (Model 4).

In women, lower cognitive performance scores were detected
among abstainers compared to low-to-moderate drinkers in the
age-adjusted model. Despite a substantial reduction of the extent
of the association after adjustment for age, number of 24-h
records, BMI, baseline memory troubles, education, occupational
category, tobacco use status, physical activity comorbidities
(depressive symptoms, history of diabetes, hypertension, or
cardiovascular disease) as well as energy intake and mPNNS-GS
(model 4), the lower cognitive performance scores among
abstainers remained statistically significant. The findings of the
secondary analysis are shown in Figure 1. Despite a loss of power
due to the increase in the number of categories, elevated alcohol
consumption (=90 g/d = 8 drinks/d) among men was associated
with a lower cognitive performance compared to consumption of

15.0 to 29.9 g/d (=1.4 to 2.7 drinks/d).

Association between Global Cognitive Function and
Midlife Alcohol Intake by Source

Median percentages of alcohol intake from beer, spirits and
wine were 2.45, 6.78, 82.40 and 0.0, 6.18, 78.91 in men and
women, respectively. Wine was by far the biggest contributor to
alcohol intake. In turn, alcohol intake in terms of percent ethanol
from each source, largely provided no significant results regarding
cognition after adjustment for total intake of alcohol, except for an
mverse association between ethanol intake from beer and cognitive
performance in men. In particular, compared to men with low
ethanol intake from beer (0 - median value among consum-
ers=10.4% of ethanol), those with high intake (>10.4% of
ethanol) showed poorer cognitive performance (mean differ-
ence = —1.27, 95% confidence interval: —2.45, —0.09) (data not
tabulated).

Association between Individual Cognitive Tests and
Alcohol Intake

Associations between each individual cognitive test and alcohol
intake are presented in Table 4. No significant association was
detected among men. Among women, a similar association as the
one with the composite cognitive score was observed between
alcohol intake and scores on semantic fluency and with the RI-48
cued recall task. On the opposite, compared to low-to-moderate
drinkers, women who were heavy drinkers displayed better scores
for phonemic fluency.

Sensitivity Analysis

Results of the additional analyses using inverse probability
weighting are presented in Table 5. Estimates and confidence
intervals were slightly modified but similar associations were
detected.
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Table 3. ANCOVA-derived associations between alcohol intake and global cognitive function, by sex:

Alcohol intake

Abstainers low to moderate drinkers heavy drinkers P
Men
Model 13 —0.28 (—2.87-2.31) 0 (reference) 1.06 (0.07-2.06) 0.32
Model 2* 0.04 (—2.38-2.47) 0 (reference) 1.03 (0.09-1.97) 0.44
Model 3° —0.03 (—2.45-2.39) 0 (reference) 1.04 (0.10-1.98) 0.40
Model 4° 0.04 (—2.39-2.46) 0 (reference) 1.05 (0.10-1.99) 0.43
Women
Model 13 —2.91 (—4.46-1.36) 0 (reference) 1.32 (—0.08-2.72) <0.0001
Model 2* —2.04 (—3.54-0.54) 0 (reference) 0.71 (—0.61-2.03) 0.003
Model 3° —2.05 (—3.56-0.54) 0 (reference) 0.76 (—0.55-2.08) 0.003
Model 4° —1.77 (—3.29-0.25) 0 (reference) 1.03 (—0.31-2.36) 0.003

2p for trend across categories.
3Model 1 is adjusted for age.

hypertension, or cardiovascular disease.
®Model 4: model 3+ energy intake and mPNNS-GS.
doi:10.1371/journal.pone.0052311.t003

Discussion

In this population of French adults, alcohol abstinence was
associated with somewhat decreased cognitive performance
compared to low-to-moderate alcohol drinking in women. The
overall association was largely driven by performance on episodic
memory and semantic fluency tasks. In men, heavy drinking (>3
drinks/d) was associated with better cognitive performance,
particularly on the backward digit span task. After splitting the
alcohol use categories, men with alcohol intake =90 g/d
(corresponding to about 8 drinks/d) showed lower cognitive
performance compared to those consuming ~ 1.4-2.7 drinks/d.
An inverse association between ethanol intake from beer and
cognitive performance was also observed.

Alcohol intake and Cognitive Function

Our findings in women are in accordance with various previous
studies investigating the relationship between alcohol intake and
cognitive outcomes, and reporting a favorable association of low-
to-moderate drinking with subsequent cognitive functioning [7,9].
The significant association detected only in women is in line with
the results of several other studies [33-36] showing sex-specific
associations. It has generally been speculated that the inconsistent
testing of sex-specific models could partly account for the observed
discrepancies among studies. Indeed, the very small number of
abstainers, particularly among middle-aged men, and of heavy
drinkers, especially among women, may have prevented the
detection of a potential relationship. Further, heterogeneous
findings may have resulted partly as a consequence of omitted
confounders of the effects of alcohol use. Among them, diet,
comorbidities involving changes in alcohol use habits or social
factors could be considered. Indeed, former drinkers, who had
possibly discontinued alcohol consumption as a result of vascular
diseases, are usually included with abstainers. This may have led to
a classification bias resulting in lower cognitive functioning in non-
drinkers. A recent study focusing on the association between
alcohol intake and cognitive decline did not find a beneficial effect
of low-to-moderate drinking compared to abstinence when former
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Walues are mean difference (95% confidence interval) in composite cognitive score, low to moderate drinkers as reference.

“Model 2 : model 1+ number of 24-h records, BMI, baseline memory troubles, education, occupational category, tobacco use status and physical activity.
*Model 3: model 2+ supplementation group during the trial phase, depressive symptoms concomitant with cognitive function assessment, history of diabetes,

drinkers were separately accounted for [37]. In the present study,
adjustment for comorbidities occurring during the follow-up did
not substantially modify the results.

Our SU.VIL.MAX 2 data showed a slight reduction in the mean
difference in women’s cognitive functioning between low-to-
moderate drinkers and abstainers after accounting for the quality
of diet, but the association remained statistically significant.
Indeed, low-to-moderate drinking in women was associated with
better adherence to existing nutrition recommendations in our
population (data not shown). The positive association between
heavy drinking and cognitive function observed in men was not
substantially modified after accounting for the quality of the diet,
given that the adverse effects of high alcohol intake could have
been at least partly due to poor diet quality. While we are not
aware of any relevant studies accounting for dietary confounders,
epidemiologic data on the association between dietary behaviors
and alcohol intake are plentiful [15,38]. Likewise, a differential
impact of alcohol intake on cognitive outcomes according to social
position was recently reported [39]. In that study among French
blue-collar workers, lower cognitive functioning was observed
among heavy drinkers compared to low-to-moderate drinkers, but
that association was restricted to men of low socio-economic
status. We did not retrieve such an interaction in our population
(data not shown).

In our study, the association between alcohol consumption and
cognitive function remained even after accounting for major
confounders, suggesting a true association which could be
corroborated by mechanistic hypotheses. The mechanisms under-
lying the potential beneficial effect of alcohol intake on brain aging
encompass lipoprotein level modification and improvement of
cerebral blood flow [40]. Some experimental studies further
suggest that ethanol may directly affect brain structure [41,42].
Indirect effects through the antioxidant and anti-inflammatory
properties of flavonoids found in red wine (resveratrol) have also
been postulated [42].

Some epidemiologic data support the hypothesis of a harmful
effect of heavy drinking on cognitive performance but findings are
not consistent [7]. We observed a significant mean difference in
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Figure 1. ANCOVA-derived associations between alcohol intake categories and global cognitive function, by sex. Association
between the composite cognitive score and alcohol consumption using a detailed categorization of the exposure level. Models adjusted for age,
number of 24-h records, BMI, baseline memory troubles, education, occupational category, tobacco use status, physical activity, supplementation
group during the trial phase, depressive symptoms concomitant with cognitive function assessment, history of diabetes/hypertension/cardiovascular
disease, energy intake and mPNNS-GS. Values are mean difference and 95% confidence interval.

doi:10.1371/journal.pone.0052311.g001

cognitive function among heavy drinkers compared to low-to-
moderate drinkers only in men. However, heavy drinking is a
heterogeneous category including people with various levels of
intake. In particular, volunteering for an active follow-up could
have led to a selection bias towards including participants who are
not “heavy drinkers” by common standards. Despite the low
number of such drinkers in the SU.VI.MAX study, the findings of
our secondary analysis showing that extreme heavy drinking could
have an adverse association with cognitive function suggest that
alcohol intake and cognition may exhibit an inverted U or J shape.

In the present study, specific neuropsychological tests, namely
those related to episodic memory, semantic fluency and backward
digit span were associated with alcohol intake. This is in line with
other findings [36,43-46] suggesting that alcohol may differen-
tially affect cognitive domains.

Type of Alcoholic Beverages and Cognitive Function

In this study, no differences in cognitive function according to
the type of beverage consumed were observed. One exception was
the finding of lower cognitive performance scores among men with
a high contribution of beer to their total alcohol intake.
Nevertheless, alcohol intake was mainly provided by wine and
thus highly correlated with wine consumption, preventing a clear
distinction between specific alcohol sources. Some authors have
focused on the association between cognitive outcomes and
alcohol intake by source [7]. To the best of our knowledge, the
relative contribution of each source to total alcohol intake has not
been highlighted, however, authors focusing on the type of
alcoholic beverage after accounting for other sources do not report
specific effects [47]. Nonetheless, authors have distinguished
between “wet” (as in France) and “dry” drinking cultures as
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regards quantities and patterns of drinking. Future analyses using
appropriate designs and comparing associations between alcohol
intake and cognitive outcomes across countries may help improve
understanding of the independent impact of the particular
drinking culture [48].

Limitations

Some limitations of our study should be noted. First, cognitive
evaluation was not available at baseline, thus adjustment for
baseline differences in cognitive performance according to midlife
alcohol consumption was not possible. Preexisting differences in
cognitive performance may have led to differences in alcohol
consumption. However, our sample included relatively young and
healthy volunteers, arguing for the likely absence of cognitive
impairment at baseline. In addition, we were also not able to focus
on cognitive decline over time. Second, we were not able to firmly
distinguish between abstainers and former drinkers, acknowledg-
ing that former drinkers may be an at-risk population as quitters.
The impact of that limitation, however, might be small in our
study since we used midlife exposure assessment and adjustment
for comorbidities. In addition, abstainers were not more likely to
be hypertensive and were in fact less likely to have diabetes. Third,
as wine was the dominant source of alcohol in our population, we
were unable to separate the effects of wine from those of alcohol.
Finally, caution is advised when assessing the external validity of
our results as we cannot assume that our population is
representative of the general population. Indeed, these analyses
were based on a subsample of the SU.VIL.MAX cohort, whose
participants generally had a higher educational level and
occupational status, along with a healthier diet than the general
French population. In particular, subjects with available cognitive
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Table 4. Associations between alcohol intake and specific cognitive tests, by sex'*
Alcohol intake

abstainers low to moderate drinkers heavy drinkers P
Men
Backward digit span 1.55 (—=1.13-4.22) 0 (reference) 1.04 (—0.01-2.08) 0.71
Forward digit span 0.86 (—1.81-3.53) 0 (reference) 0.88 (—0.16-1.92) 0.99
Trail-making test —1.17 (—3.58-1.24) 0 (reference) —0.05 (—0.99-0.89) 0.38
RI-48 cued recall task —1.24 (—3.83-1.35) 0 (reference) 0.72 (—0.29-1.74) 0.15
Semantic fluency 0.61 (—1.87-3.10) 0 (reference) 0.59 (—0.38-1.56) 0.99
Phonemic fluency —0.47 (—3.03-2.09) 0 (reference) 0.86 (—0.14-1.86) 0.32
Women
Backward digit span —0.52 (—2.08-1.03) 0 (reference) 1.00 (—0.37-2.36) 0.12
Forward digit span —0.81 (—2.40-0.78) 0 (reference) 0.41 (—0.98-1.81) 0.21
Trail-making test —0.46 (—2.06-1.14) 0 (reference) —0.54 (—1.94-0.86) 0.93
RI-48 cued recall task —2.25 (—3.88-0.62) 0 (reference) 0.07 (—1.36-1.50) 0.02
Semantic fluency —1.67 (—3.31-0.03) 0 (reference) 0.84 (—0.59-2.28) 0.01
Phonemic fluency —1.11 (—2.68-0.47) 0 (reference) 2.17 (0.79-3.55) 0.001
"Walues are mean difference (95% confidence interval) in composite cognitive score, low to moderate drinkers as reference.
2Models adjusted for age, number of 24-h records, BMI, baseline memory troubles, education, occupational category, tobacco use status, physical activity,
supplementation group during the trial phase, depressive symptoms concomitant with cognitive function assessment, history of diabetes/hypertension/cardiovascular
disease, energy intake and mPNNS-GS.
3p for trend across categories.
doi:10.1371/journal.pone.0052311.t004

Table 5. Associations between alcohol intake and cognitive tests, by sex: inverse probability-weighted models’*
Alcohol intake

abstainers low to moderate drinkers heavy drinkers P
Men
Composite cognitive score 0.41 (—1.83-2.66) 0 (reference) 1.03 (0.08-1.98) 0.60
Backward digit span 1.91 (—0.57-4.39) 0 (reference) 1.07 (0.03-2.12) 0.52
Forward digit span 1.17 (—1.32-3.65) 0 (reference) 0.83 (—0.22-1.87) 0.80
Trail-making test —1.09 (—3.33-1.15) 0 (reference) —0.12 (—1.06-0.83) 0.41
RI-48 cued recall task —0.89 (—3.29-1.52) 0 (reference) 0.73 (—0.28-1.75) 0.20
Semantic fluency 0.66 (—1.64-2.97) 0 (reference) 0.59 (—0.38-1.56) 0.95
Phonemic fluency —0.16 (—2.54-2.21) 0 (reference) 0.86 (—0.14-1.86) 0.41
Women
Composite cognitive score —1.81 (—3.26-0.36) 0 (reference) 0.88 (—0.46-2.22) 0.003
Backward digit span —0.63 (—2.11-0.84) 0 (reference) 0.99 (—0.37-2.35) 0.08
Forward digit span —0.82 (—2.33-0.70) 0 (reference) 0.27 (—1.13-1.66) 0.26
Trail-making test —0.48 (—2.01-1.05) 0 (reference) —0.73 (—2.15-0.68) 0.79
RI-48 cued recall task —-2.19 (—3.74-0.63) 0 (reference) —0.01 (—1.44-143) 0.03
Semantic fluency —1.73 (—3.29-0.17) 0 (reference) 0.79 (—0.65-2.23) 0.01
Phonemic fluency —1.13 (—2.63-0.38) 0 (reference) 2.09 (0.71-3.48) 0.001
"Values are mean difference (95% confidence interval) in composite cognitive score, low to moderate drinkers as reference.
2Models adjusted for age, number of 24-h records, BMI, baseline memory troubles, education, occupational category, tobacco use status, physical activity,
supplementation group during the trial phase, depressive symptoms concomitant with cognitive function assessment, history of diabetes/hypertension/cardiovascular
disease, energy intake and mPNNS-GS.
3P for trend across categories.
doi:10.1371/journal.pone.0052311.t005
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and alcohol data may have been particularly health-conscious, as
shown by the comparison between included and excluded
participants, limiting the generalizability of the findings. None-
theless, use of inverse probability weighting to correct for potential
selection bias did not modify the findings.

Strengths

In turn, some strengths of our analysis should also be
emphasized. The long follow-up allowed focusing on alcohol
intake as a midlife exposure. Further, food and alcoholic beverage
consumption was assessed through repeated 24h dietary records
strengthening the accuracy of the collected exposure data. Finally,
standardized cognitive evaluation was completed in a relatively
young population and a neuropsychological battery of sensitive
tests was used to limit floor or ceiling effects.

Conclusion

In conclusion, while providing evidence for sex-specific associ-
ations, our results support the hypothesis that midlife low-to-
moderate drinking in women and even heavy drinking in men
might be associated with better cognitive functioning, independent
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of diet or comorbidities. However, extreme alcohol consumption
may be harmful for cognitive function at least among men. Albeit
sex-specific, the definitions of low-to-moderate and heavy drinking
are not clear-cut. There is substantial evidence from other health
domains (e.g., cancer development) that even a single serving of
alcohol might have a detrimental impact.
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