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Abstract

Background. Prevalence of cognitive decline and dementia is rising globally, with more than
10million new cases every year. These conditions cause a significant burden for individuals, their
caregivers, and health care systems. As no causal treatment for dementia exists, prevention of
cognitive decline is of utmost importance. Notably, alcohol is among the most significant
modifiable risk factors for cognitive decline.
Methods. Longitudinal data across 15 years on 6,967 individuals of the Survey of Health, Ageing
and Retirement in Europe were used to analyze the effect of alcohol consumption and further
modifiable (i.e., smoking, depression, and educational obtainment) and non-modifiable risk
factors (sex and age) on cognitive functioning (i.e., memory and verbal fluency). For this, a
generalized estimating equation linear model was estimated for every cognitive test domain
assessed.
Results. Consistent results were revealed in all three regression models: A nonlinear association
between alcohol consumption and cognitive decline was found—moderate alcohol intake was
associated with overall better global cognitive function than low or elevated alcohol consump-
tion or complete abstinence. Furthermore, female sex and higher educational obtainment were
associated with better cognitive function, whereas higher age and depression were associated
with a decline in cognitive functioning. No significant association was found for smoking.
Conclusion. Our data indicate that alcohol use is a relevant risk factor for cognitive decline in
older adults. Furthermore, evidence-based therapeutic concepts to reduce alcohol consumption
exist and should be of primary interest in prevention measures considering the aging European
population.

Introduction

Prevalence rates of cognitive decline and dementia are rising globally—concurrent with the
proportion of the population of ≥50-year-olds (older adults) and ≥65-year-olds (senior adults).
The worldwide incidence of cognitive decline and dementia is estimated at nearly 10 million new
cases every year [1]. Importantly, cognitive decline causes a significant burden on the affected
individuals and their families and caregivers. Additionally, dementia represents a significant
social and economic burden due to high medical and informal care costs. In 2015, the estimated
global societal cost of dementia was equivalent to 1.1% of the global gross domestic product
(GDP) [1].

Prevention is of utmost importance as no causal therapy exists for dementia and cognitive
decline. The Lancet Commission recently listed modifiable risk factors for dementia in its
“Dementia prevention, intervention, and care 2020 report,” including excessive alcohol consump-
tion, low educational obtainment, depression, and smoking. Modifying said risk factors is
suggested to prevent or delay up to 40% of the cases of cognitive decline (as in dementia) [2].

It is a well-established fact that excessive consumption of alcohol (≥3 drinks/day) over an
extended period can lead to irreversible structural damage to the brain and, subsequently, to a
decline in cognitive and executive functions [3, 4]. Long-term increased alcohol consumption is
known to cause extensive white and gray matter loss, severe vitamin B1 (thiamine) deficiency,
and, consequently, an increased risk for vascular dementia, Alzheimer’s disease (AD) and
Wernicke–Korsakoff encephalopathy [5–9]. However, the prevalence of health-detrimental
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alcohol consumption has been shown to increase in the general
population and, importantly, in the older and senior adults espe-
cially [10–13]. As senior adults are postulated to be more prone to
alcohol-associated brain damage due to their potential pre-existing
diseases and, in further consequence, reduced alcohol metabolism
[14], this may further compound the risk of cognitive decline in the
population already most affected by cognitive decline.

Conversely, numerous studies suggest a possible link between
low-to-moderate alcohol consumption (≤2 drinks/day formen and
≤1 drink/day for women) and enhanced cognitive function among
older adults compared to non-alcohol consumers [4, 8, 15–24].
These studies propose a “U-shaped” association between alcohol
drinking and cognitive decline, similar to that seen in cardiovascu-
lar disease [25, 26]. Whereas moderate alcohol intake may be
associated with overall better global cognitive function, complete
abstinence from alcohol is known to correlate with poorer cognitive
outcomes over the course of life [24, 27, 28].

Considering the limited therapeutic options, the high socio-
economic impact, as well as the drastic consequences cognitive
decline and dementia have on affected individuals, it is of high
clinical relevance to gain clear evidence in the controversial discus-
sion on the influence of alcohol on cognitive functioning. There-
fore, this study aimed to examine the possible effect of alcohol
consumption on cognitive decline in the aging population by
analyzing one of the most comprehensive longitudinal trans-
national datasets on an individual level. Furthermore, the effect
of the modifiable risk factor alcohol consumption (for which
evidence-based therapeutic concepts exist) and other modifiable
(smoking, depression, and educational obtainment) as well as non-
modifiable risk factors (age and sex) were compared.

Methods

Data

Study population
The study population consists of participants of the “Survey of
Health, Ageing and Retirement in Europe” (SHARE, wave 1–7,
release 7.1.0) [29]. The SHARE database provides data on health,
socioeconomic status, and social/family networks of individuals of
50 years of age and above in 27 European countries and Israel. The
first wave of the SHARE survey was conducted in 2004. Thereafter,
further waves followed periodically, with the last wave (wave 7)
included in the present analysis, which took place from 2017 to
2019. Collectively, this amounts to longitudinal data on cognitive
function and potential risk factors over the period of 15 years. All
participants completing wave 1 to wave 7 and all relevant data
available were included in the present analysis.

Assessments
Data collection was undertaken by computer-assisted personal
interviewing, that is, face-to-face interviews with digital support
(see [30] for methodological details). As primary variables oper-
ationalizing cognitive function, the results of the 10-word recall test
and the verbal fluency test, both often used as indicators for the
presence of cognitive impairment and dementia in previous studies,
were chosen. For the first test, participants were asked to repeat a
list of 10 words (a) immediately after the acoustical presentation
and (b) after a time delay. The total score of the recall test for both
timepoints ranges from 0 to 10, with one point for each correctly
enlisted word. For the latter test of verbal fluency—an assessment of
executive functioning—participants were asked to enlist as many

terms as possible for a specific semantic category (e.g., “animals”).
Accordingly, the total score of the verbal fluency test is the sum of
any correct word stated by the participant.

To assess alcohol consumption, participants were asked for the
average number of days a week with alcohol consumption, yielding
the following seven categories: “almost every day,” “5 or 6 days a
week,” “3 or 4 days a week,” “once or twice a week,” “one or twice a
month,” “less than once a month,” and “not at all in the last
6 months.” Observations with “refusal” or “do not know” were
set to missing and excluded from the analysis. Additionally, parti-
cipants were asked whether excessive drinking has ever been a
problem throughout their lives. The level of educational attainment
was operationalized by the total number of years of full-time
education received by the participants. Furthermore, to assess the
risk factor of smoking, participants were asked to confirm whether
they have ever smoked cigarettes, cigars, cigarillos, or a pipe daily
for at least 1 year. As generally known, depression can also interfere
with cognitive functioning. Thus, the Euro-Depression-Scale-Score
(EURO-D) [31] was included in the analysis as an indicator of
depressive symptoms. This scale is comprised of 16 items evaluat-
ing a variety of depressive symptoms and eventually yields a total
score ranging from a minimum of 0 points (“not depressed at all”)
and a maximum score of 12 points (“very depressed”). Further
details regarding operationalization and actual assessment of the
primary and secondary variables used in this analysis can be found
in the manual “Scales and Multi-Item-Indicators” of the SHARE
project [32].

Statistical analysis

The effect of the variables wave (1–7 [corresponding to the variable
time]), sex, age at first wave (years), education (years), depression
score (0–6), alcohol consumption at baseline (wave 1), smoking
(yes/no) at baseline, and country on the three outcome variables
(i.e., verbal fluency, short-term verbal memory, and delayed verbal
memory) was modeled by employing a generalized estimating
equations (GEE) model using a linear link function in SAS version
9.4 (SAS Institute Inc., Cary, NC). All observations per participant
were included except those where there was no response at
that wave.

All variables were treated as categorical except the continuous
variables education and age, which are given in years. Reference
groups were set as follows: wave (1), sex (males), smoking (no),
depression (0), alcohol (7 = not at all in the last 6 months), and
country (1 = Austria). For the analysis, the effect of depression is
presented in six categories, each comprised of two of the 12 levels of
the EURO-D scale. The estimated effect of age is presented for a
10-year difference in the figures, since the effect in absolute terms is
small. Results are shown along with 95% confidence intervals.
Three models (verbal fluency, verbal memory, and delayed verbal
memory) were estimated. The significance level for Type 3 GEE
statistics was set using Bonferroni rule to 5%/3= 0.0167 to acknow-
ledge multiple testing. Though p-values are adjusted for multiple
testing, the analysis is exploratory in nature and the observed
associations should not be interpreted in a causal manner.

Results

Descriptive analysis

A total of 9,461 individuals participated in all seven waves. For
6,967 of those individuals, data were available for the risk factors
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of interest and were, thus, included in the final analysis. Charac-
teristics of the study population at baseline (i.e., wave 1) are
described in Table 1. In total, 3,373 women (48.4% of the total
study population) and 3,593 men were included in the present
study, with amean age of 60 years. Daily alcohol consumption was
reported by 28.9% of the study population and an additional
40.9% reported alcohol consumption at least once or twice a week.
Conversely, 18.6% of the study population reported drinking
alcohol only two times or more seldom per month, whereas
11.7% stated complete abstinence. Moreover, 1.95% of the study
population reported having had a history of excessive drinking in

the past. In addition, 51.5% of the participants had been smoking
cigarettes (or other tobacco products) daily for at least 1 year of
their life. The average length of full-time education (including
school) was 10.8 years. The study population comprised individ-
uals from 10 European countries and Israel, with the highest share
of participants coming from Belgium (17.5%), Greece (14.4%),
and Sweden (13.5%). The evaluation of depressive symptoms
using the EURO-D scale yielded a fraction of 30.8% of the study
population reaching a scale score higher than four, indicating a
state of mild to severe depression.

Statistical analysis

The regression model on the three outcome variables (verbal flu-
ency, verbal memory, and delayed verbal memory score) yielded
consistent results (see Figures 1–3 and Supplementary Tables 1 and
2) with significant effects of alcohol consumption, sex, age, educa-
tional level, depressive symptoms, country, and time since first
wave. In Figures 1–3 (showing the results for the three different
cognitive assessments), the effect of the single categorical risk
factors is depicted in comparison to the corresponding reference
groups (see the section “Statistical analysis”). Thus, a nonlinear
effect—similar to the hypothesized U-shaped association—of alco-
hol consumption on cognitive function was revealed, with peak
cognitive functioning in individuals exhibiting moderate alcohol
consumption patterns (i.e., 1 or 2 days a month consuming alco-
holic drinks). Individuals sustaining complete alcohol abstinence
scored worst in cognitive function. However, with an increased
frequency of alcohol consumption (consuming alcoholic drinks
three to four times per week or more), the observed positive effect
on cognitive function decreased compared to moderate drinking
patterns. Furthermore, positive effects on cognitive function were
associated with a higher educational level and female sex, while
older age and an increase in depressive symptoms affected cognitive
function negatively. No significant effect was found for smoking
status.

An extended analysis, considering the history of lifetime exces-
sive drinking as the primary indicator for alcohol consumption,
yielded almost identical results (see Supplementary Figures S1–S3),
thus indicating that the observed effects on cognitive functioning
can be interpreted as function of both, frequency and quantity of
alcohol consumption.

We repeated the analysis for individuals who participated in the
first two waves only to check whether early withdrawals may bias
the analyses. However, the results mirrored the analyses of those
participants with data including up to sevenwaves and therefore are
not presented.

Discussion

The aim of the present analysis was to examine the effect of alcohol
consumption and further modifiable risk factors on cognitive
decline in individuals aged 50 years or older in a longitudinal,
multi-national sample.

The most interesting finding of this study was the revealed
nonlinear effect of alcohol consumption on cognitive function:
The best cognitive performance was found in individuals with
low-to-moderate alcohol consumption, whereas less favorable val-
ues were found in those individuals with (almost) daily alcohol
consumption. Notably, the least favorable cognitive performance
was revealed in individuals who reported complete alcohol

Table 1. Characteristics of study population at baseline visit.

Characteristic Participants (n = 6,967)

Sex n (%)

Male 3,594 (51.59)

Female 3,373 (48.41)

Mean (standard deviation)

Age 59.95 (7.93)

Years of education 10.87 (4.27)

Euro-Depression-Score 1.86 (1.78)

Smoking status n (%)

Non-smoking 3,377 (48.47)

Smoking 3,583 (51.43)

Missing 7 (0.10)

Alcohol consumption

“Almost every day” 2,012 (28.91)

“5 or 6 days a week” 214 (3.07)

“3 or 4 days a week” 766 (11.01)

“Once or twice a week” 1,864 (26.78)

“Once or twice a month” 858 (12.33)

“Less than once a month” 434 (6.24)

“Not at all in the last 6 months” 812 (11.67)

Lifetime history of excessive drinking (obtained at wave 4)

Yes 136 (1.95)

No 4,504 (64.65)

Missing 2,327 (33.4)

Country

Austria 380 (5.45)

Germany 456 (6.55)

Sweden 943 (13.54)

Spain 407 (5.84)

Italy 638 (9.16)

France 784 (11.25)

Denmark 668 (9.59)

Greece 1,000 (14.35)

Switzerland 323 (4.64)

Belgium 1,220 (17.51)

Israel 148 (2.12)
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abstinence. While this finding may at first seem counterintuitive—
considering the well-known detrimental effects of alcohol on the
central nervous system and cognitive function—it agrees with
previous literature. The number of studies that support the claim

that moderate alcohol drinking is beneficial to cognitive health
outweighs the number of studies that found a decline in cognitive
function [4, 22, 24]. The following explanations for this observed
association are suggested:

Figure 1. Results of the GEE model illustrating the effect of the analyzed risk factors on the cognitive dimension verbal fluency. For the set reference levels, see the
section “Statistical analysis.” AD, consumption of alcoholic drinks; Euro-D, Euro-Depression-Scale-Score; education, years of education; age, age at baseline in groups of 10 years;
timepoint, number of follow-up interview in reference to the baseline interview.

Figure 2. Results of the GEE model illustrating the effect of the analyzed risk factors on the cognitive dimension verbal memory (short term). For the set reference levels, see the
section “Statistical analysis.” AD, consumption of alcoholic drinks; Euro-D, Euro-Depression-Scale-Score; education, years of education; age, age at baseline in groups of 10 years;
timepoint, number of follow-up interview in reference to the baseline interview.
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First, there has been the hypothesis of less harmful or even
beneficial effects of alcoholic beverages (due to specific compounds
and ingredients, such as flavonoids) on the central nervous system.
Thus, some studies foundmoderate wine consumption, specifically
red wine, to be the most favorable regarding cognitive amelioration
and prevention of dementia [33, 34]. However, contradictory stud-
ies challenge this theory, finding no association between low-to-
moderate alcohol consumption and protection against neurocog-
nitive decline [35]. Furthermore, other studies have shown that
even moderate alcohol intake promotes adverse changes to the
brain, including hippocampal atrophy [9, 36, 37].

Second, it has been postulated that the observed nonlinear
association may be due to the so-called “abstainer bias,” meaning
that abstainers within the study cohort may bemore severely ill and
thus, do not (or are not able to) engage in alcohol consumption [35,
38]. Especially within the study sample of our present study, this
latter explanation may be probable, considering the advanced
average age of about 60 years at baseline assessment. Importantly,
this assertion agrees with the further analyses performed:When the
history of lifetime extensive drinking had been evaluated for a
possible effect on cognitive function, congruent results with the
primary analyses were revealed.

In addition to the effect of alcohol, also effects of educational
level, age, and depressive symptoms on cognitive function were
revealed in the present study. A higher level of educational obtain-
ment was positively associated with cognitive functioning. This
finding resonates well with previous research, in which the pro-
tective effect of higher-level education was reported [39, 40]. Previ-
ous explanations for this association between reduced risk for
cognitive decline or dementia and a higher degree of educational
obtainment hypothesized that this cognitive exertion in early- and
mid-life stages might result in an increased cognitive reserve in

older age. A further explanationmay be that individuals with higher
levels of educational obtainment may engage in mentally stimula-
tory activities more frequently, especially in later life stages, con-
tributing to the preservation of cognitive function and, thus,
impeding the onset of cognitive decline [41–43].

The observed association between cognitive decline and increas-
ing age within our cohort corresponds to findings from the litera-
ture, showing a heightened prevalence of cognitive decline and
dementia in older adults [44]. Notably, the amount of late-life
depressive symptoms was nearly linearly associated with cognitive
function and turned out to be one of the most substantial factors in
the present study. This finding is in line with previous literature, as
reflected by an extensive meta-analysis of 23 cohort studies that
reported this effect as consistent [45]. However, the relationship
between depression and cognitive functioning might also be bidir-
ectional and was therefore not interpreted as causal. While depres-
sive symptoms are reported to represent a risk factor for cognitive
decline—a condition that historically was described as
“pseudodementia” [46], impaired cognitive functioning may, in
turn, also be leading to the emergence of depressive symptoms [47].

As there is no rational explanation for the observed effect of the
variable “country” on cognitive functioning found within the pre-
sent study population, this effect may either be interpreted as an
indication of the presence of an, as yet, unknown country-specific
influence. However, it may also be due to the significantly different
number of recruited participants per country (see Table 1). Simi-
larly, the effect of the variable time passed since the beginning of the
observation period (i.e., Timepoint 2, Timepoint 3, and later) may
be due to collinearity between time progression and the partici-
pants’ increasing age.

Interestingly, the effect of sex found in the present study, which
revealed female individuals in the study to have reached

Figure 3. Results of the GEE model illustrating the effect of the analyzed risk factors on the cognitive dimension of delayed verbal memory. For the set reference levels, see the
section “Statistical analysis.” AD, consumption of alcoholic drinks; Euro-D, Euro-Depression-Scale-Score; education, years of education; age, age at baseline in groups of 10 years;
timepoint, number of follow-up interview in reference to the baseline interview.
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significantly higher scores on verbal fluency and memory tests,
contradicts previous literature. For example, in a recent review by
Laws et al. [48], only one study [49] reported results in which
females outperformed their male counterparts in categorical (ver-
bal) fluency. However, different explanations for these sex differ-
ences are discussed. Whereas some literature highlights the role of
sex hormones on cognitive functioning throughout different stages
of life [50], other studies claim that sex differences occur primarily
due to differences between particular cognitive domains (e.g., ver-
bal versus visuospatial abilities) [51, 52]. Such sex dimorphisms also
exist in other neurodegenerative disorders and are, in part,
hypothesized to be influenced by immunomodulatory properties
of sex hormones (principally 17β-estradiol, which promotes neu-
roinflammatory processes) [53, 54]. Similar to AD, a higher preva-
lence in females is also postulated for patients with multiple
sclerosis (MS), whereas for Parkinson’s disease (PD), Lewy body
dementia, and motor neuron diseases such as amyotrophic lateral
sclerosis are more prevalent in males [55–57]. Regarding trajector-
ies of cognitive decline, patients with neurodegenerative disorders
typically show gradual deterioration of cognitive function over time
and with progression of the disease [58]. However, knowledge on
the specific time courses within different forms of neurodegenera-
tion are still limited, and nonlinear and atypical progressions are
postulated [59]: Whereas most patients with AD and PD exhibit a
cognitive decline over the course of a decade or more, cognitive
functioning may remain stable in patients with MS [60–62]. In
contrast to the previously discussed diagnoses, vascular dementia,
exhibits a more ambiguous pattern and occurs more frequently in
males under and females over the age of 80, who then tend to have a
less favorable outcome than their male counterparts [63, 64].

The following limitations of the present study need to be
addressed: The quality of data based on surveys by questionnaires
depends on honest and thorough replies by the participants—
especially concerning stigmatized topics, such as alcohol consump-
tion. This, in turn, may lead to reporting bias, potentially distorting
the results. Second, even though hardly feasible, the ideal dataset for
this kind of analysis would comprise data on risk factors and
cognitive performance throughout an individuals’ whole lifespan.
Nevertheless, the individual datasets used for the present study
include evaluating potential risk factors as a part of a baseline
assessment at an advanced age (average around 60 years) and an
evaluation of cognitive functioning at baseline and at subsequent
timepoints within 15 years. A further limitation due to feasibility
constraints concerns the evaluation of cognitive functioning. A
comprehensive neuropsychological test battery would represent
the gold standard but is hardly attainable when aiming for a study
sample of size large as that used for the present study. Furthermore,
it is not feasible to consider all risk factors suggested for cognitive
decline within one analysis. Thus, the present study focuses on the
effect of alcohol consumption, also considering a selection of major
sociodemographic and socioeconomic variables. A further import-
ant limitation of the present manuscript is the lack of information
on the quantity of alcohol ingested. However, as the necessary data
to quantify alcohol ingestion in drinks/grams per week had only
been assessed at the sixth and seventh wave of the SHARE survey,
the analyses were constrained in their applicability due to the short
period which could be assessed (maximum of 2 years) and were
therefore not included in the manuscript.

Notwithstanding these limitations, the present study provides
coherent results regarding the effect of alcohol consumption on
three cognitive dimensions based on a sizeable transnational study
sample. Moreover, it takes additional essential risk factors into

account, thus, allowing an assessment of the strength of the effects
of the particular risk factors.

Conclusion

The main goal of this study was to determine the effect of alcohol
consumption in the aging population on cognitive functioning by
analyzing longitudinal data of a large transnational study popula-
tion and considering further known risk factors for cognitive
decline and dementia. In line with previous literature, we found a
nonlinear association with low-to-moderate alcohol consumption
favorably affecting cognitive functioning, measured by verbal
memory and fluency tests. However, compared to other modifiable
(e.g., level of education and depressive symptoms) and non-
modifiable risk factors (e.g., sex and age), the observed positive
effects of low-to-moderate alcohol consumption are rather small.
Considering this and a potential bias due to unmeasured confoun-
ders subsumed under the term “abstainer bias,” it seems more than
questionable to claim that regular alcohol consumption—on any
level—is protective in regard to cognitive decline in older adults; not
to mention somatic complications, such as alcoholic liver diseases,
which can be induced by chronic alcohol use. All in all, this study
backs existing research by highlighting the complex interplay of
multiple factors that contribute to cognitive decline and the devel-
opment of dementia. Further focusing on the role of alcohol con-
sumption in cognitive health and disease, future research should
aim to identify the exact mechanisms by which alcohol potentially
promotes or impairs cognitive functioning and, consequently,
allow for more clear-cut evidence-based recommendations on
alcohol use, especially in older adults.

Supplementary Materials. To view supplementary material for this article,
please visit http://doi.org/10.1192/j.eurpsy.2022.2344.
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