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Abstract

Background: The relationship between moderate alcohol drinking or other alcohol drinking patterns such as fre-
quency, beverage type, and situation of drinking and cognitive function is not sufficiently clear in older people. The
purpose of this study was to investigate the association between alcohol drinking patterns and cognitive function in
community-dwelling Japanese people aged 75 and over.

Methods: This study was a cross-sectional design based on a prospective cohort study called the SONIC study.
Subjects were older people aged 75-77 or 85-87 who voluntarily participated in 2016-2017. Drinking information

was collected for daily drinking frequency, daily drinking intake, beverage type, and non-daily drinking opportunity.
Cognitive function was measured using the Japanese version of the Montreal Cognitive Assessment (MoCA-J). Other
potential confounding factors evaluated were age, sex, medical factors, and psychosocial factors. An analysis of covari-
ance was performed to evaluate the MoCA-J score relative to drinking frequency or alcohol intake. Multiple regression
analysis was performed to investigate the association between beverage type or non-daily drinking opportunity and
the MoCA-J score.

Results: The final number of participants analyzed was 1,226. The MoCA-J score for participants who reported drink-
ing alcohol 1-6 days/week was significantly higher than that for those who reported drinking none or every day. No
significant difference in the MoCA-J score was observed relative to daily alcohol intake. In terms of beverage type,
wine was associated positively with the MoCA-J score. Non-daily drinking opportunity was also associated positively
with the MoCA-J score.

Conclusions: Moderate-frequency drinking, wine consumption, and non-daily drinking opportunities were associ-
ated with higher cognitive function in community-dwelling Japanese aged 75 and over. Further longitudinal studies
are needed to clarify the causal relationships.

Keywords: Alcohol drinking patterns, Cognitive function, Older people

Background

Dementia, which is especially common among older peo-
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currently no effective treatment, it is important to pre-
vent cognitive decline before dementia develops. There-
fore, it is necessary to identify factors related to cognitive
decline and to implement preventive measures to main-
tain cognitive function [3].

Excessive drinking is commonly cited as a risk fac-
tor for dementia and cognitive decline [4, 5]. However,
because previous studies often targeted the middle-aged
or young—old in general, the relationship between drink-
ing patterns and cognitive function in people aged 75 and
over is not sufficiently clear [4—11]. In particular, inter-
ventions for nutrition in older patients are switching to
those aimed at preventing frailty rather than those target-
ing metabolic syndromes [12]. Moderate drinking was
reported to have a positive effect on good nutrition and
preventive effect for cardiovascular diseases [13, 14]. It
was also reported that maintaining good nutrition and
preventing cardiovascular diseases contribute to pre-
serving cognitive function [15, 16]. Therefore, following
these pathways, there is a possibility that moderate alco-
hol drinking has a positive effect on cognitive function.
Given that there is inconsistent data investigating the
relationship between moderate drinking and cognitive
function, determination of the overall effect of alcohol
use is required, especially for older population [4, 6-8].
Because previous studies generally focused on the vol-
ume of alcohol consumed, careful consideration of alco-
hol drinking patterns, such as the frequency of drinking,
the type of beverage, and the situation of drinking, could
be used to elucidate these relationships. Drinking behav-
jor (situation of drinking) may include elements of social
participation, which are important protective factors for
cognitive function in older people [17, 18]. However,
there are few studies on the relationship between alcohol
drinking and cognitive function in older people, which
consider detailed alcohol drinking patterns and social
factors. It is unclear whether alcohol drinking is a con-
founding factor between social relationships and cogni-
tive function, or whether it is before or after social factors
in the pathway hypothesis, and it is necessary to exam-
ine it from both sides. Several protective associations
between alcoholic beverage type and cognitive function
were reported, especially for moderate amounts of wine
[10, 11, 19]. However, these studies concluded that these
effects were due to the influence from a Mediterranean
diet and few studies targeted Asian populations, such as
the Japanese population, who generally have a relatively
weak alcohol tolerance and different food culture. In
addition, it is not clear how the beverage types that are
often consumed in Japan, such as sake and Japanese spir-
its, affect cognitive function.

Therefore, the purpose of this study was to investigate
the association between drinking patterns and cognitive
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function in community-dwelling Japanese people aged 75
and over to provide evidence to contribute to the optimal
drinking recommendations in this super-aged society.

Methods

Study participants

This study was a cross-sectional design based on a pro-
spective cohort study called the SONIC (Septuagenar-
ians, Octogenarians, Nonagenarians, and Investigation
with Centenarians) study, an ongoing study since 2010
with follow-ups every 3 years [20]. The eligibility criteria
for the study were that the participants aged 75-77 years
(76-aged group) or aged 85-87 years (86-aged group)
and that they participated in 2016-2017. Overall, 1,335
individuals participated, and they were grouped based
upon age: 846 people in the 76-aged group (459 women
and 387 men) and 489 people in the 86-aged group (240
women and 249 men). We excluded 109 participants who
had no alcohol drinking information. 95 people of the
excluded participants completed door-to-door or mail
surveys instead of on-site surveys, but we could not col-
lect medical data, including alcohol drinking information.
The other 14 people participated in on-site surveys, but
we were unable to collect valid drinking information. The
SONIC study protocol was approved by the institutional
review boards of Osaka University Graduate School of
Medicine, Dentistry, and Human Sciences, and the Tokyo
Metropolitan Institute of Gerontology (approval num-
bers 266, H22-E9, 22 018, and 38, respectively). Informed
consent was obtained from all participants.

Measurements for alcohol drinking patterns

The drinking patterns, such as daily drinking frequency,
daily alcohol intake, beverage type, and the situation of
drinking: non-daily drinking opportunity, were collected
by doctors, nurses, public health nurses, and dietitians.
The daily drinking frequency was collected as follows:
“None’, “<1 day in 2-3 months’, “1 day in 2-3 months’,
“1 day/month’, “2-3 days/month’, “1 day/week’, “2 days/
weel, “3 days/week’, “4 days/week’, “5 days/week’, “6
days/week’, and “Every day” The data were then classified
into four categories: “None”, “<1 day/week’, “1-6 days/
week’, and “Every day” Daily alcohol intake was calcu-
lated using a measuring cup after considering the bever-
age type. The formula for calculating alcohol intake was:
“alcohol concentration (%) x amount (mL) x density (0.8
kg/m?)” The alcohol concentration of each beverage was
set at 5% for beer, 25% for Japanese spirits, 15% for sake,
12% for wine, and 42% for whiskey. Daily alcohol intake
was classified into the following categories: “None (0 g)’,
“Moderate (>0 g and <40 g)’, “Moderate to Excessive
(>40 g and <60 g)’, and “Excessive (>60 g)” for men. For

women, the threshold values used were half as high as
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those used for men [21]. We collected the data of the sit-
uation of drinking as non-daily drinking opportunity that
was different from daily drinking, such as gatherings with
relatives at the end of the year, dining with close friends
at restaurants, and parties.

Evaluation of cognitive function

Cognitive function was evaluated using the Japanese
version of the Montreal Cognitive Assessment (MoCA-
J), which was administered by trained gerontologists
and psychologists. The MoCA-]J, which is based on the
MoCA, is a tool for sensitively detecting mild cognitive
impairment in older Japanese people, and the score was
evaluated from 0 to 30 and adjusted for years of educa-
tion (1 point added for 12 years or less) [22, 23]. A higher
score indicated a higher cognitive function.

Assessment of other potential confounders

Medical factors were collected from interviews and blood
samples, which were obtained by doctors, nurses, public
health nurses, and dietitians. Smoking was evaluated as
currently smoking or not. Stroke was assessed as positive
if there was previous medical documentation. Hyperten-
sion was defined as positive if an individual had a systolic
blood pressure >140 mmHg, had a diastolic blood pres-
sure >90 mmHg, or was receiving antihypertensive treat-
ment [24]. Diabetes mellitus was defined as positive if an
individual had a HbAlc >6.5%, had a casual blood glu-
cose concentration >200 mg/dL, or was taking medica-
tions for diabetes mellitus [25]. Dyslipidemia was defined
as positive if an individual had a non-high-density lipo-
protein cholesterol >170 mg/dL, had a high-density lipo-
protein cholesterol <40 mg/dL, had a triglyceride level
>150 mg/dL, or was taking medications for dyslipidemia
[26, 27]. Atherosclerosis was evaluated using the maxi-
mum carotid intima-media thickness (Max-CIMT). The
Max-CIMT was the maximum value of the left and right
CIMT measured using ultrasonic echo (GE LOGIQ book
XP; GE Healthcare, Tokyo, Japan), and atherosclerosis
was evaluated as Max-CIMT >1.1 mm [28].

Psychological and social factors were collected by
gerontologists and psychologists. Mental health was
measured using the Japanese version of the WHO Five
Well-Being Index (WHO-5-]), and a score of 13 or higher
was evaluated as good [29].

Social factors were evaluated, including living alone
(or living with someone else), frequency of going out (<1
time/week, 1-2 times/week, 3—4 times/week, 5—-6 times/
week, and every day), education (<9 years, 10-12 years,
and >13 years), and economic status (not satisfied, neu-
tral, and satisfied).
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Statistical analysis

Descriptive data are shown as a percentage (%) or mean
+ standard deviation (SD). For comparisons between
characteristics, chi-square test or Fisher’s exact test were
used for categorical variables, and one-way analysis of
variance (ANOVA) or ¢-test were performed for continu-
ous variables. To evaluate the average MoCA-]J score rela-
tive to daily drinking frequency or daily alcohol intake,
analysis of covariance (ANCOVA) adjusted for poten-
tial confounders was performed. Multiple comparison
tests for the categorical variables treated as dummy vari-
ables were used with the Tukey-Kramer tests for post hoc
analysis. Univariate regression analysis was performed
to examine the relationship between beverage type or
non-daily drinking opportunity and the MoCA-]J scores.
Multiple regression analysis adjusted for potential con-
founders was performed using the drinking pattern vari-
ables. In each multivariable analysis, the interaction with
sex was examined concerning the drinking pattern vari-
able and the MoCA-] score. p-values <0.05 were consid-
ered statistically significant. All analyses were performed
using SPSS Statistics version 27 (IBM Japan, Tokyo,

Japan).

Results

Characteristics of the study population relative to daily
drinking frequency

The number of participants analyzed in this study was
1,226. Table 1 shows the characteristics of the popula-
tion relative to daily drinking frequency. The proportion
of daily drinking frequency from highest to lowest was:
none (55.5%), every day (25.7%), 1-6 days/week (13.5%),
and <1 day/week (5.4%) (Additional file 1: Figure S1
shows the details for daily drinking frequency). The
proportion of daily alcohol intake from highest to low-
est was: none (55.8%), moderate (34.8%), moderate to
excessive (5.8%), and excessive (3.6%). About half of the
participants (50.1%) reported non-daily drinking oppor-
tunities. The proportion of beverage type from high-
est to lowest was: beer (24.3%), Japanese spirits (13.1%),
sake (10.8%), wine (4.4%), and whiskey (2.6%). Some
individuals consumed multiple types of alcohol. When
we evaluated the subject characteristics relative to daily
drinking frequency, significant differences were observed
for age group, sex, daily alcohol intake, non-daily drink-
ing opportunity, all beverage types, hypertension, dys-
lipidemia, living alone, frequency of going out, education,
and economic status. The mean overall MoCA-J score
was 22.7, and there were significant differences in daily
drinking frequency.
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Table 1 Comparison of characteristics relative to daily drinking frequency

Daily drinking frequency (per week)

Total None <1day 1-6 days Every day
Characteristic (n=1226) (n = 680) (n=66) (n=165) (n=315) p-value
Age: 76 aged group, n (%) 743 (60.6) 385 (56.6) 43 (65.2) 114 (69.1) 201 (63.8) <0.01
Sex: Men, n (%) 594 (485) 220 (324) 29 (439) 94 (57.0) 251 (79.7) <0.01
Daily alcohol intake, n (%) <0.01
None 680 (55.8) 680 (100.0) 0 00) 0 00) 0 (0.0)
Moderate 424 (348) 0 (0.0 58 (93.5) 136 (829) 230 (73.5)
Moderate to excessive 71 (58) 0 (0.0) 3 48 17 (104) 51 (16.3)
Excessive 44 (36) 0 0.0 1 (1e) 11 6.7) 32 (10.2)
Beverage type, n (%)
Beer 298 (243) 0 (0.0) 40 (60.6) 86 (52.1) 172 (54.6) <0.01
Japanese spirits 161 (13.1) 0 (0.0 5 (76) 42 (255) 114 (36.2) <0.01
Sake 132 (108) 0 (0.0) (13.6) 36 (21.8) 87 (27.6) <0.01
Wine 54 44 0 (0.0) 10 (152) 24 (145) 20 63) <001
Whisky 32 26) 0 (0.0) 1 (15 7 (42) 24 (76) <001°
Non-daily drinking opportunity, n (%) 606 (50.1) 219 (325 4 62.1) 117 (713) 229 (74.8) <0.01
Current smoking, n (%) 77 ®63) 35 (5.2) 3 (4.5) 10 6.1) 29 (9.3) 0.09
Stroke, n (%) 117 (96) 63 (9.3) 7 (106) 18 (109) 29 (92) 091
Hypertension, n (%) 892 (733) 486 (721) 49 (754) 110 (67.1) 247 (78.7) <0.05
Diabetes mellitus, n (%) 214 (180) 123 (187) 14 (222) 32 (19.5) 45 (147) 033
Dyslipidemia, n (%) 774 644) 474 (709 37 (57.8) 96 (589) 167 (54.8) <0.01
Atherosclerosis, n (%) 995 (81.2) 536 (788) 57 (86.4) 140 (84.8) 262 (834) 0.10
WHO-5-J (= 13),n (%) 962 (78.8) 542 (799 50 (76.9) 129 (782) 241 (77.0) 073
Living alone, n (%) 288 (23.7) 197 (293) 9 (136) 41 (2500 41 (13.1) <0.01
Frequency of going out, n (%) <0.05
<1 time/week 82 6.7) 43 (6.4) 10 (152) 9 (55) 20 6.4)
1-2 times/week 191 (157) 11 (164) 15 (22.7) 23 (14.0) 42 (13.4)
3-4 times/week 278 (228) 154 (228 11 (16.7) 46 (28.0) 67 (213)
5-6 times/week 228 (187) 135 (2000 12 (182) 28 (17.1) 53 (16.9)
Every day 440 (36.1) 232 (344) 18 (27.3) 58 (354) 132 (42.0)
Education, n (%) <0.05
<9years 294 (24.0) 169 (24.9) 13 (19.7) 32 (194) 80 (25.4)
10-12 years 576 (47.1) 340 (50.1) 29 (439) 78 (473) 129 (41.0)
>13 years 354 (289) 169 (249 24 (364) 55 (333) 106 (33.7)
Economic status, n (%) 0.30
Not satisfied 220 (18.0) 129 (19.1) 10 (152) 37 (226) 44 (14.0)
Neutral 748 (61.4) 405 (60.0) 41 (62.1) 98 (59.8) 204 (65.0)
Satisfied 251 (206) 141 (209) 15 (22.7) 29 (17.7) 66 (21.0)
MoCA-J score, mean (SD) 227 (39 226 (4.0) 232 (36) 236 (3.7) 225 (37) <005

Notes: 76 and 86 aged groups included subjects 75-77 and 85-87 years old, respectively. The criteria for alcohol intake were defined as follows. For men, “Moderate”
was >0 g and <40 g, “Moderate to Excessive” was >40 g and <60 g, and “Excessive” was >60 g. For women, the threshold values used were half as high as those used
for men

Abbreviations: SD standard deviation; WHO-5-J Japanese version of the WHO Five Well-Being Index; MoCA-J Japanese version of the Montreal Cognitive Assessment
p-values were based on chi-square tests for categorical variables and analysis of variance for continuous variables.

2 p-values were based on Fisher’s Exact test

Comparison of MoCA-J scores relative to daily drinking where we evaluated the MoCA-]J scores relative to daily
frequency drinking frequency. After adjusting for age group, sex,
Figure 1 shows the results from ANCOVA analysis, daily alcohol intake, beer consumption, Japanese spirits
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Fig. 1 Comparison of the MoCA-J score relative to daily drinking frequency using the analysis of covariance (ANCOVA) after adjusting for age group,
sex, daily alcohol intake, beer consumption, Japanese spirits consumption, sake consumption, wine consumption, whisky consumption, non-daily
drinking opportunity, current smoking, stroke, hypertension, diabetes mellitus, dyslipidemia, atherosclerosis, WHO-5-J, living alone, frequency of
going out, and economic status. Multiple comparison tests for the categorical variables were used with the Tukey-Kramer tests for post hocanalysis.
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consumption, sake consumption, wine consumption,
whisky consumption, non-daily drinking opportunity,
current smoking, stroke, hypertension, diabetes mellitus,
dyslipidemia, atherosclerosis, WHO-5-], living alone, fre-
quency of going out, and economic status, the MoCA-]
score for individuals consuming alcohol 1-6 days/week
was significantly higher than those for none or every
day in multiple comparisons. No significant difference
was observed relative to the other multiple comparison
combinations.

Comparison of MoCA-J scores relative to daily alcohol
intake

Figure 2 shows the results from ANCOVA analysis,
where we evaluated the MoCA-]J scores relative to daily
alcohol intake (Additional file 2: Table S1 shows the com-
parison of characteristics relative to daily alcohol intake).
After adjusting for age group, sex, daily drinking fre-
quency, beer consumption, Japanese spirits consumption,
sake consumption, wine consumption, whisky consump-
tion, non-daily drinking opportunity, current smoking,
stroke, hypertension, diabetes mellitus, dyslipidemia,
atherosclerosis, WHO-5-], living alone, frequency of
going out, and economic status, there was no significant
difference between all combinations.

Relationship between drinking patterns and MoCA-J
scores

Table 2 shows the results of the relationship between
drinking patterns and the MoCA-] scores. For univari-
ate analysis, the significant positive correlations with

the MoCA-]J scores were drinking frequency (1-6 days/
week for every day), wine consumption, non-daily drink-
ing frequency, sex, and frequency of going out, and the
significant negative correlations were age group, diabe-
tes mellitus, atherosclerosis, and WHO-5-]. For mul-
tiple regression analysis adjusted for all the potential
confounders (daily drinking frequency, daily alcohol
intake, beer consumption, Japanese spirits consump-
tion, sake consumption, whisky consumption, age group,
sex, smoking status, stroke, hypertension, diabetes mel-
litus, dyslipidemia, atherosclerosis, WHO-5-], living
alone, frequency of going out, and economic status), wine
consumption (p=0.09, p<0.01) and non-daily drinking
opportunity (p=0.09, p<0.01) significantly positively cor-
related with the MoCA-]J scores (Additional files 3 and
4: Tables S2 and S3 show the comparison of characteris-
tics relative to wine and non-daily drinking opportunity,
respectively).

There were no sex interactions (p>0.05 in each analy-
ses) in the associations between all drinking patterns and
cognitive function (Additional file 5: Table S4 shows the
comparison of characteristics relative to sex).

Discussion

Our study examined the association between alcohol
drinking patterns, such as drinking frequency, alcohol
intake, beverage type, and non-daily drinking opportu-
nity, and cognitive function in community-dwelling Japa-
nese people aged 75 and over. The main findings of this
study are as follows: (1) For drinking frequency, the cog-
nitive function of moderate-frequency drinkers, such as
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going out, and economic status. Multiple comparison tests for the categorical variables were used with the Tukey-Kramer tests for post hocanalysis.
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those who drank 1-6 days/week, was higher than those
for individuals who reported their consumption as none
or every day; (2) For beverage type, the cognitive function
of wine drinkers was higher than that of non-drinkers;
and (3) For drinking opportunity, the cognitive function
of those who engaged in non-daily drinking opportuni-
ties was higher than that of those who did not. Daily alco-
hol intake was not associated with increased cognitive
function.

Few studies have reported an association between cog-
nitive function and drinking frequency among the alco-
hol drinking patterns of the older population [30]. This
is the first study that investigated drinking frequency
and cognitive function for a population of individu-
als >75 years old. A new finding in our study was the
independent association of alcohol drinking frequency;
that is, moderate-frequency drinkers had higher cogni-
tive function than non- or everyday drinkers (Fig. 1).
One possible explanation for this relationship may be an
effect from drinking behavior, which is associated with a
variety of social factors such as promoting social activi-
ties [17]. This is an important protective factor for the
cognitive decline of older people [31]. We speculate that
these social aspects, along with drinking behavior, posi-
tively influenced the higher cognitive function results for
moderate-frequency drinkers (1-6 days/week) relative
to non-drinkers. In this study, we found a relationship
between drinking frequency and cognitive function after
adjusting for social factors such as living alone, frequency
of going out, and economic status. The pathway hypoth-
esis of these results is that at least the drinking frequency
is associated with cognitive function independently of
other social factors. In other words, it is possible that

behaviors such as going out are not intermediate factors,
and behavioral patterns associated with alcohol drinking
affect cognitive function. However, in reality, the relation-
ship between alcohol consumption, social factors, and
cognitive function is very complicated, because social
factors may include not only the factors used in this study
but also various other factors such as leisure activities
[32]. Therefore, drinking frequency may be a proxy vari-
able for social factors. It is also possible that social factors
are an intermediate factor between drinking frequency
and cognitive function. By contrast, lower cognitive func-
tion was found in everyday drinkers. This could be due to
the various adverse effects from daily, continuous alcohol
exposure [33-35].

Excessive drinking has a negative effect on demen-
tia and cognitive function [4, 5]. However, we did not
observe a negative association between daily alcohol
consumption and cognitive function in this study, which
does not agree with the results from these previous stud-
ies (Fig. 2). Considering the characteristics of the study
population including this very old population, it is pos-
sible that participants who were relatively healthy or hav-
ing high health literacy could come to the survey. We
speculate these survival bias and sampling bias affected
these results [36]. There is also the possibility of a reversal
causal effect, with healthier people drinking more. Taken
together, our findings suggest that drinking frequency
is an important factor that affects cognitive function in
older people, but the amount of alcohol consumed is not.

For the type of alcohol consumed, we found that only
wine was positively associated with cognitive function
(Table 2). This result is in agreement with many previous
studies that identified the protective effects of moderate
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Table 2 Factors influencing drinking patterns associated with MoCA-J score, determined using multiple regression analysis
Univariate Multivariable
B (95% Cl) B B (95% Cl) B

Daily drinking frequency (reference = every day)
None/week 0.04 (-0.48,0.57) 0.01 0.46 (-0.61,1.53) 0.06
<1 day/week 0.72 (-0.32,1.75) 0.04 0.68 (-040, 1.75) 0.04
1-6 days/week 1.06 (0.33,1 ) 0.09%* 0.83 (0.10, 1.56) 0.08*
Daily alcohol intake® 0.23 (-0.06, 0. 52) 0.04 -047 (-1.04,0.11) - 0.09

Beverage type (1 = yes)
Beer 045 (-0.07,0. 96) 0.05 041 (-0.31, 1.14) 0.05
Japanese spirits 044 (-0.21,1.09) 0.04 117 (-0.32,2.03) 0.08
Sake -041 117, 030) - 0.03 041 (-0.52,1.19) 0.03
Wine 1.80 (0.74,2.87) 0.10%* 1.58 (0.48, 2.68) 0.09%*
Whisky 0.77 (-0.61,2.14) 0.03 0.97 (-0.39,2.34) 0.04
Non-daily drinking opportunity ~ 0.90 (046, 1.35) 0.12%* 0.70 (0.23,1.16) 0.09%*
(1 =vyes)

(Adjustment variables)
Age (1 =86 aged group) -2.22 (-2.66,-1.80) - 0.28** -1.82 (-2.30,-1.34) - 0.23**
Sex (1 = women) 0.83 (0.39,1.27) 0.11** 0.85 (0.34,1.35) 0.171%
Current smoking (1 = yes) -0.11 (-1.02, 0. 80) - 0.01 -0.08 (-0.99,0.83) - 0.01
Stroke (1 = yes) -0.34 (-1.08,041) - 0.03 0.13 (-0.60, 0.86) 0.01
Hypertension (1 = yes) -0.28 (-0.77,0.22) - 0.03 0.06 (-0.45,0.56) - 0.01
Diabetes mellitus (1 = yes) -0.62 (-1.19,-0.04) - 0.06* -047 (-1.03,0.10) - 0.05
Dyslipidemia (1 = yes) 0.34 (-0.12,0.80) 0.04 030 (-0.15,0.75) 0.04
Atherosclerosis (1 = yes) -0.87 (-1.44,-031) - 0.09%* -0.04 (-0.61,0.52) - 0.00
WHO-5-J (1 =<13) -0.77 (-1.30,-0.23) - 0.08** -042 (-0.95,0.11) - 0.04
Living alone (1 = yes) -0.26 (-0.78,0.26) - 0.03 -0.22 (-0.75,0.31) - 0.02
Frequency of going out® 0.54 (0.38,0.71) 0.18*%* 0.38 (0.21,0.55) 0.13**
Economic status? 0.26 (-0.10,0.61) 0.04 0.35 (0.02,0.70) 0.05*
Adjusted R? 0.12

2 Larger numbers were assigned to those with higher frequency, alcohol intake and status

Abbreviations: B partial regression coefficient; C/ confidence interval; 8 standardized partial regression coefficient; WHO-5-J Japanese version of the WHO Five Well-

Being Index; MoCA-J Japanese version of the Montreal Cognitive Assessment
*p<0.05 and **p<0.01

wine consumption on cognitive function [10, 11, 19].
Resveratrol, a type of polyphenol in wine, may have a
direct neuroprotective effect on cognitive function [37,
38]. Furthermore, we found that the proportion of highly
educated people is higher in wine drinkers than in non-
drinkers. This variable may have a greater impact on cog-
nitive function, even though we adjusted the MoCA-]
score based upon the level of education (Additional file 4:
Table S3).

In addition, non-daily drinking opportunity was asso-
ciated with higher cognitive function. Similar to the
relationship between drinking frequency and cognitive
function, social factors such as communication with oth-
ers may have positively influenced cognitive function
[17, 31]. Today, the risk of drinking is emphasized, and
healthcare professionals often recommended that people

decrease alcohol consumption or stop drinking overall. If
drinking plays a protective role in cognitive function in
older people, it may be beneficial to provide treatment
and health guidance that respects their lifestyle and qual-
ity of life, rather than uniformly recommending that indi-
viduals decrease or stop drinking.

This study has several limitations. First, a survival bias
effect may play a role in the association between alcohol
drinking patterns and cognitive function. The subjects in
this study were older people who voluntarily participated,
and they tended to be healthier than the average older
Japanese population because they had enough physical
function to participate in a site survey. Second, drinking
information was evaluated by interviews. Self-reporting
methods of typical weekly alcohol intake are useful for
epidemiological studies, but not perfect [39, 40]. For
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example, there is the possibility that the alcohol intake
per week was often inconsistent, and also the recall bias
may have been influenced strongly among the older pop-
ulation. In addition, since there was no valid classifica-
tion for drinking frequency, we classified it into “None’,
“<1 day/week’, “1-6 days/week’, and “Every day” based on
the sensitivity analysis which explained our results rea-
sonably considering the previous studies [33-35]. How-
ever, these cut-offs may be insufficient, so the results of
this study should be interpreted in consideration of these
limitations. Third, because this study was a cross-sec-
tional study, no causal relationship could be mentioned.
The association that non-drinkers had lower cognitive
function than those who drink 1-6 days a week may be a
reverse association that they cannot drink because they
are not healthy, as mentioned in the relationship between
alcohol intake and cognitive function [36]. Therefore, a
longitudinal analysis is needed to clarify the causal rela-
tionship between alcohol consumption and cognitive
function after adjusting for background factors.

Conclusions

In conclusion, we observed that moderate-frequency
drinking, wine consumption, and non-daily drinking
opportunities were associated with higher cognitive func-
tion in community-dwelling Japanese aged 75 and over.
Although the association between drinking frequency,
situation of drinking, beverage type and cognitive func-
tion is new findings, the reverse association between
drinking and cognitive function is often concerned. Fur-
ther longitudinal studies are needed to clarify the causal
relationships.

Abbreviations

MoCA-J: Japanese version of the Montreal Cognitive Assessment; SONIC: Sep-
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