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Abstract

Background Previous studies on associations of alcohol use with memory decline showed inconclusive results. We
examined these associations using longitudinal data from the Guangzhou Biobank Cohort Study (GBCS) and explored
whether these associations varied by sex and age group.

Methods Memory function was assessed by delayed 10-word recall test (DWRT) and immediate 10-word recall test
(IWRT) at both baseline (2003-2008) and follow-up (2008-2012) examinations, expressed as the mean annual change
and mean annual rate of change in scores. Memory cognitive impairment was defined by DWRT scores of less than 4.
Multivariable linear regression models and restricted cubic spline were used for data analysis.

Results Of 14,827 participants without memory cognitive impairment at baseline, 90.2% were never or occasional
drinkers, 5% moderate drinkers, 1.5% excessive drinkers, and 3.3% former drinkers. The mean (standard deviation)

age was 60.6 (6.6) years old. During an average of 4.1 years follow-up, 1000 (6.7%) participants developed memory
cognitive impairment. After adjusting for confounders, compared with never or occasional drinkers, moderate and
excessive drinkers had significant decline in DWRT scores (8, 95% confidence interval (C/) = -0.04 (-0.08 to -0.01),

and —0.07 (-0.14 to 0.01), respectively), and IWRT scores (8, 95% C/ =-0.10 (-0.19 t0 -0.01), and —0.15 (-0.30 to 0.01),
respectively) annually. With respect to the mean annual rate of change, moderate and excessive drinkers also showed
greater decline in DWRT scores (8, 95% Cl/ =-1.02% (-1.87% to -0.16%), and — 1.64% (-3.14% to -0.14%), respectively).
The associations did not vary by sex and age group (all P values for interaction >0.10).

Conclusion Compared to never or occasional alcohol use, moderate and excessive alcohol users had greater
memory decline and the associations did not vary by sex and age group.
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Introduction

Cognitive decline is one of the earliest preclinical symp-
toms of Alzheimer’s disease (AD) [1]. Of the domains
of cognitive decline, memory decline is a critical feature
[2, 3] and a very common complaint among the elderly.
Impaired memory may severely affect daily function-
ing and mental health, and then reduce the quality of
life. Hence, investigating this cognitive domain should
be a priority. Previous studies showed a J- or U-shaped
association between alcohol use and cognitive decline,
suggesting that moderate alcohol use may protect cogni-
tive function and reduce the risk of or delay the onset of
dementia, whilst heavy alcohol use may increase the risk
[4—6]. However, other studies showed that even a moder-
ate amount of alcohol use, versus non-use, was associated
with a higher risk of AD, suggesting a linear association
between alcohol use and cognitive decline [7-9]. As
the type of alcoholic beverage, ethnicity of the samples,
and measurement methods of alcohol consumption and
cognitive function differed across studies, whether alco-
hol use is associated with memory decline as well as the
pattern of the association (i.e., J-/U-shaped or linear) is
inconclusive and yet to be examined. Notably, our Men-
delian Randomization study found no evidence of benefit
from alcohol use at all levels of self-reported consump-
tion [10]. As alcohol use is a modifiable behavior, scien-
tific evidence concerning its safe use is of public health
significance. However, due to conflicting or complex
information about the protective or detrimental effects of
alcohol [9, 11], as well as the long history and culture of
alcohol drinking in China and western countries, alcohol
control remains a complex area that requires more local
evidence to support the decision.

Therefore, to provide more scientific evidence and sup-
port for alcohol control, we examined the association of
alcohol use with longitudinal changes in memory perfor-
mance in a population-based prospective cohort of mid-
dle-aged and older Chinese, taking into account various
potential confounding factors.

Methods

Study sample and setting

The Guangzhou Medical Ethics Committee of the Chi-
nese Medical Association approved the study and all
participants gave written, informed consent before par-
ticipation. Details of the Guangzhou Biobank Cohort
Study (GBCS) have been reported previously [12, 13].
Briefly, the GBCS is a 3-way collaboration between
Guangzhou Twelfth People’s Hospital and the Universi-
ties of Hong Kong and Birmingham. Participants were
recruited from “The Guangzhou Health and Happiness
Association for the Respectable Elders” (GHHARE), a
community social and welfare organization, from Sep-
tember 2003 to January 2008. The first follow-up of
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participants was from March 2008 to December 2012.
GHHARE is unofficially aligned with the municipal gov-
ernment. Membership is open to Guangzhou perma-
nent residents aged 50 years or above for a nominal fee
of 4 CNY (=50 US cents) per month. GHHARE included
about 7% of Guangzhou residents in this age group, with
branches in all districts of Guangzhou, the capital city of
Guangdong Province in Southern China. The baseline
examination included a face-to-face computer-assisted
interview by trained nurses to collect information on
demographic characteristics, lifestyle, family, and per-
sonal medical history. Anthropometric parameters, blood
pressure, fasting plasma glucose, lipids, and inflamma-
tory markers were measured. Follow-up examination
used interviews and clinical and laboratory examinations
as the baseline. The reliability of the questionnaire was
tested by recalling 200 randomly selected participants
for re-interview and the results were satisfactory [12]. In
the current study, 18,129 participants of the GBCS who
had both baseline and follow-up assessments of memory
recall were included. Of them, after excluding those with
missing information and infeasible quantities of alcohol
use (N=146), missing data on baseline (N=553) and fol-
low-up delayed 10-word recall test scores (N=467), and
those with memory cognitive impairment at baseline
(N=2,136), 14,827 participants were included in the cur-
rent study. The average follow-up period was 4.1 years.

Exposures

Information on alcohol use was collected from baseline
(2003-2008). Alcohol use status was classified into never,
occasional, moderate, and excessive use based on the
usual frequency of intake and the usual amount per occa-
sion, which was described in our previous papers [14,
15]. The usual frequency and quantity of alcohol use of
four beverage types: beer, grape wine, spirit, and Chinese
rice wine, were assessed. Never drinkers were those who
did not drink any alcoholic beverage throughout their
life. Occasional drinkers were those who drank less than
once per week, or drank only on special occasions, such
as wedding parties or festivals, in the past 12 months. On
average, the amount of alcohol use per week was almost
zero and it is biologically unlikely to have any effect, for
example, the incidence of dementia or other diseases [8,
16], due to occasional drinking. So we combined never
and occasional drinkers into one group in data analysis.
Moderate drinkers were people who drank at least once
per week with less than or equal to 140 g (10 drinks) of
ethanol for women and 210 g (15 drinks) of ethanol for
men. Excessive drinkers were those who weekly drank
more than 140 g (10 drinks) of ethanol in women and
210 g (15 drinks) of ethanol in men. Participants who had
abstained from alcohol for at least one year were treated
as former [17].
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Outcomes

Delayed and immediate memory recall was assessed by
delayed 10-word recall test (DWRT) and immediate
10-word recall test (IWRT), respectively, and all par-
ticipants were examined at baseline (2003-2008) and
the first follow-up (2008-2012). Of these ten words,
four were retained from the original English language
test: “arm,” “ticket) “grass, and “letter” [18]. “Cabin,
“engine,” “pole,” and “shore” were substituted by “book,
“stick,” “corner;’ and “stone” as in the adapted Consor-
tium 10-word list learning task [19]. Meanwhile, to be
more in tune with Chinese culture, “butter” and “queen”
were replaced with “soy sauce” and “chairman” During
the first phase, the improved 10 words were read out to
participants one by one and then they were immediately
asked to recall the words. This procedure was repeated
three times. The first three recalls were IWRT out of 30.
After five minutes of answering other questions for dis-
traction, participants were asked to recall as many words
as they could remember. The last recall was DWRT out
of 10. Participants were given one point for each word
that they could be successfully recalled. The total num-
ber of correct words were recorded in IWRT and DWRT
scores, respectively. The improved 10-word recall test
was straightforward as well as time-saving and has been
testified as a sensitive and efficient tool for dementia
screening (mainly memory function) in developing coun-
tries [20]. Mean annual change and mean annual rate of
change in both IWRT and DWRT scores were calculated.
For example, mean annual change in IWRT scores = (fol-
low-up scores — baseline scores) / follow-up time, mean
annual rate of change in IWRT scores = (mean annual
change / baseline scores) *100. A similar calculation was
in the DWRT scores. Memory cognitive impairment was
defined by DWRT scores of less than 4, corresponding to
one standard deviation (SD) below the mean (mean=+SD:
5.5+1.8) [21, 22].

Potential confounders

To examine the extent to which potential factors
explained the association of alcohol use with memory
decline, we included two models. Model 1 was adjusted
for sociodemographic factors, biological factors, life-
style factors and self-rate health (poor/very poor). The
fully adjusted model (model 2) was adjusted for sixteen
factors: model 1 plus cardiovascular disease, hyperlip-
idemia, hypertension and type 2 diabetes. Sociodemo-
graphic factors included sex, age, education (secondary
or below, college or above), occupation (manual, non-
manual, others), marital status (married, others) and fam-
ily income (<10,000 CNY/year, 10,000-29,999 CNY /year,
30,000-49,999 CNY/year, >50,000 CNY/year, unknown).
Biological factors included waist-to-hip-ratio, body mass
index (BMI) and baseline DWRT/IWRT scores. Lifestyle
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factors included smoking status (never, former, current)
and physical activity (inactive, minimally active, active).
Physical activity was assessed by the International Physi-
cal Activity Questionnaire [23].

Statistical analysis

For comparison of baseline characteristics by alcohol
use status, we used the chi-squared test for categorical
variables and one-way analysis of variance (ANOVA)
for continuous variables. Multivariable linear regression
models were used to assess the association of alcohol use
with memory decline, reporting regression coefficient (5)
and 95% confidence interval (CI). Considering the differ-
ence in drinking patterns and lifestyles between men and
women, we assessed the association of alcohol use with
memory decline stratified by gender and tested the inter-
action between alcohol use and sex. We also added the
tests of interaction of alcohol use with age group. More-
over, we used restricted cubic spline analysis to assess
the dose-response relationship between alcohol use
and memory decline and the risk of memory cognitive
impairment. P value<0.05 was considered significant.
Data analysis was performed using STATA/SE 16.0 (Stata
Corp LP, College Station, TX, USA).

Results

Of the 14,827 participants, the mean age was 60.6 years
(standard deviation 6.6), and 73% participants were
women. During an average follow-up of 4.1 years, 1000
(6.7%) participants developed memory cognitive impair-
ment. Table 1 shows that 90.2% of participants were
never or occasional alcohol drinkers, 5.0% moderate
drinkers, 1.5% excessive drinkers and 3.3% former drink-
ers. In the current drinkers, the average amount of eth-
anol consumption was 23.74 g per day. Most never or
occasional drinkers were women and alcohol drinkers
were more likely to be men. Compared to never or occa-
sional drinkers, moderate drinkers were older, had lower
family income, lower proportion of being manual work-
ers and self-rated poor health, and had a lower preva-
lence of cardiovascular disease, hypertension and type 2
diabetes, but had a higher proportion of current smok-
ers, being married, levels of physical activity and waist-
to-hip-ratio (all P<0.05). No association of alcohol use
with education levels, BMI or prevalence of hyperlipid-
emia was found (P from 0.11 to 0.41). Similar patterns
were observed in excessive drinkers. Moreover, no differ-
ences in baseline DWRT scores by alcohol use was found
(P=0.48) and baseline IWRT scores varied between alco-
hol use groups (P <0.001).

Table 2 shows that, after adjusting for sex, age, base-
line DWRT scores, education, occupation, marital status,
smoking, self-rated health, family income, physical activ-
ity, body mass index, waist-to-hip ratio, self-reported
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Table 1 Baseline characteristics of participants by alcohol use, Guangzhou Biobank Cohort Study, 2003-2008
Alcohol use P value
Never/occasional Moderate Excessive Former
Number (%) 13,374 (90.2) 742 (5.0) 223 (1.5) 488 (3.3)
Age, mean (SD), year 60.5 (6.6) 62.6 (6.8) 62.6 (6.4) 60.8 (6.7) <0.001
Sex, N (%)
Men 3104 (23.2) 465 (62.7) 206 (92.4) 212 (43.4) <0.001
Women 10,270 (76.8) 277 (37.3) 17 (7.6) 276 (56.6)
Education, N (%)
Secondary or below 8554 (64.0) 459 (61.9) 158 (70.8) 313 (64.1) 0.27
College or above 4816 (36.0) 283 (38.1) 65 (29.2) 175 (35.9)
Occupation, N (%)
Manual 7817 (58.9) 389 (52.9) 130 (58.6) 269 (55.2) <0.001
Non-manual 3417 (25.7) 240 (32.6) 63 (284) 117 (24.0)
Others 2047 (15.4) 107 (14.5) 29 (13.1) 101 (20.7)
Marital status, N (%)
Married 7487 (83.1) 440 (85.8) 150 (91.5) 300 (84.0) 0.02
Others 1522 (16.9) 73(14.2) 14 (8.5) 57 (16.0)
Smoking status, N (%)
Never 11,490 (86.0) 403 (54.3) 5(15.7) 322 (66.0) <0.001
Former 935(7.0) 148 (20.0) 66 (29.6) 86 (17.6)
Current 944 (7.0) 191 (25.7) 122 (54.7) 80 (16.4)
Self-rated health, poor/very poor, N (%) 2073 (15.8) 97 (13.4) 19 (8.8) 72 (15.2) 0.01
Family income, CNY/year, N (%)
<10,000 554 (4.2) 27 (3.6) 17 (7.6) 28(5.7) 0.02
10,000-29,999 4202 (31.4) 225 (30.4) 81 (36.3) 167 (34.2)
30,000-49,999 3160 (23.7) 166 (22.4) 43(19.3) 124 (25 4)
>50,000 2617 (19.6) 150 (20.2) 42(18.8) 9(18.2)
Unknown 2831 (21.2) 173 (23.4) 40(17.9) 80 (164)
Physical activity
Inactive 1083 (8.1) 53(7.1) 17 (7.6) 17 (3.5) 0.01
Minimally active 5271 (394) 291 (39.2) 88 (39.5) 185 (37.9)
Active 7020 (52.3) 398 (53.6) 118(52.9) 286 (58.6)
BMI, mean (SD), kg/m2 23.8(3.2) 23.7(3.2) 23.8(3.2) 24.0(3.2) 041
Waist-to-hip-ratio, mean (SD) 0.86 (0.07) 0.88(0.07) 0.91 (0.06) 0.87(0.07) 003
Cardiovascular disease, yes, N (%) 5397 (40.4) 280 (37.8) 69 (31 1) 216 (44.4) 0.004
Hyperlipidemia, yes, N (%) 1514 (11.3) 69 (9.3) 8(8.1) 47 (9.7) 0.11
Hypertension, yes, N (%) 3479 (26.0) 169 (22.8) 47 (21 2) 148 (30.5) 0.01
Type 2 diabetes, yes, N (%) 960 (7.2) 39(5.3) 4(1.8) 37(7.6) <0.001
DWRT scores, mean (SD) 6.1(1.5) 6.1(1.5) 6.0(1.6) 6.1(1.5) 048
IWRT scores, mean (SD) 17.1 (3.6) 16.8 (3.5) 16.1 (34) 174 (3.6) <0.001

N=number; SD=standard deviation; BMI=body mass index; DWRT=delayed 10-word recall test; IWRT=immediate 10-word recall test

cardiovascular disease, hyperlipidemia, hypertension
and type 2 diabetes, compared to never or occasional
drinkers, greater decline in the mean annual change in
DWRT scores was found in moderate drinkers and exces-
sive drinkers (adjusted 5 (95% CI) = -0.04 (-0.08 to -0.01)
and —0.07 (-0.14 to 0.01), respectively). Similar patterns
were observed using the annual rate of change in DWRT
scores. No sex interaction on the changes in DWRT
scores was found (all P values for sex-interaction>0.10).
Table 3 shows that, after adjusting for the same con-
founders as in Table 2, compared with never or occa-
sional drinkers, a significant decline in IWRT scores was

also observed in moderate (3, 95% CI = -0.10, -0.19 to
-0.01), former (-0.11, -0.21 to -0.01), and excessive drink-
ers (-0.15, -0.30 to 0.01). Although no sex interaction on
the changes of IWRT scores was found (all P values for
sex-interaction>0.10), the patterns by sex appeared to
be slightly different. The mean annual change in IWRT
scores appeared to have a greater decline in male mod-
erate drinkers (8 = -0.16, 95% CI -0.27 to -0.04), and the
associations of moderate and excessive alcohol use with
IWRT scores became non-significant in female drink-
ers. Moreover, the mean annual rate of decline in DWRT
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Table 2 Changes in the delayed 10-word recall test (DWRT) scores during an average follow-up of 4.1 years by baseline alcohol use

Total
Mean annual change®
Crude B (95% Ci)

Model 19

Model 2°

Mean annual rate ofchange“, %
Crude B3 (95% Cl)

Model 12

Model 2°

Men

Mean annual change

Crude 8 (95% Ci)

Model 1°

Model 2°

Mean annual rate of change, %
Crude B (95% C/)

Model 14

Model 2°

Women

Mean annual change

Crude B (95% C/)

Model 14

Model 2°

Mean annual rate of change, %
Crude B (95% Ci)

Model 1°

Model 2°

Alcohol use
Never/occasional Moderate Exces- Former
sive
000  -0.08(-0.12,-005""  -0.14 (-0.20, -0.03 (-0.07,0.01)
-007)"

000  -0.04(-0.08,-0.01)"
000  -0.04(-0.08,-0.01)"

-0.06 (-0.14,0.01)
-0.07 (-0.14,0.01)

-0.02 (-0.07,0.03)
-0.03 (-0.08, 0.02)

000 -137(-210,-065""  -2.06 (-3.35,

pres

-0.77)
-1.56 (-3.07,-0.05)"
-1.64 (-3.14,-0.14)

-0.58 (-1.46,0.30)

000  -1.04(-1.90,-0.19)"
000 -1.02(-187,-0.16)"

-0.67 (-1.67,0.33)
-0.69 (-1.69,0.31)

xxx *x

0.00 -0.10 (-0.15,-0.05)™" -0.10(-0.18,-0.03)" -0.02 (-0.09, 0.05)
0.00 -0.08 (-0.13,-0.02)"  -0.05(-0.13,002)  -0.02 (-0.10, 0.06)
0.00 -0.07 (-0.13,-0.02)"  -0.05(-0.13,0.02)  -0.03 (-0.11,0.05)
0.00 -1.58 (-2.53,-0.63)"  -1.68(-3.05,-0.31)" -0.22(-1.57,1.13)
0.00 4179 (-2.92,-065)" -123(-2.83,037)  -0.06(-1.75,1.63)
0.00 -1.70 (-2.83,-0.58)"  -126(-2.84,033)  -0.07 (-1.77,1.63)
0.00 -0.02 (-0.09,004)  -005(-031,021)  -0.05(-0.11,0.02)
0.00 -0.01 (-0.06,006)  -0.28(-0.53,-0.02)" -0.03 (-0.09, 0.04)
0.00 -0.01 (-0.06,006)  -0.28(-0.53,-0.03)° -0.03 (-0.09, 0.03)
0.00 -036(-1.52,081)  -0.88(-5.53,3.76)  -0.63 (-1.80,0.53)

0.00 0.05(-1.28,1.38)
0.00 0.05(-1.28,1.37)

-4.99 (-10.20,0.21)
-5.02(-10.23,0.18)

-0.98 (-2.23,0.26)
-1.00 (-2.25,0.24)

2 Model 1: adjusted for sex, age, baseline DWRT scores, body mass index, waist-to-hip-ratio, education, occupation, marital status, smoking, self-rated health, family
income and physical activity ®: Model 2: additionally adjusted for self-reported cardiovascular disease, hyperlipidemia, hypertension and type 2 diabetes *: P values
for interaction between sex and alcohol use were all 0.11 on the changes of DWRT scores: P<0.05; *"; P<0.01; ™"; P<0.001

scores appeared to be more severe than IWRT scores
both in moderate and excessive drinkers.

Figure 1 shows the more alcohol consumed, the greater
decline in DWRT and IWRT scores, and the higher risk
of memory cognitive impairment after adjusting for
potential confounders (P values for non-linearity from
0.20 to 0.96).

Sensitivity analysis shows no evidence that the asso-
ciations of alcohol use with the mean annual change
and mean annual rate of change in DWRT/IWRT scores
and the risk of memory cognitive impairment varied by
age group (P values for interaction from 0.25 to 0.94)
(TableS1).

Discussion

In this population-based longitudinal study of older
adults, we found that compared with never or occasional
alcohol use, moderate and excessive alcohol users had a
faster decline in delayed and immediate recall memory

scores and the associations did not vary by sex and age
group. Our study extends the previous findings to a pop-
ulation with a relatively restrained pattern of alcohol
consumption. And World Health Organization (WHO)
pointed out that lifetime abstention from alcohol drink-
ers were most prevalent in Asia [24], which explained
why our sample had fewer moderate and excessive alco-
hol drinkers than other studies especially those con-
ducted in western countries. As such our study did not
support the U/J-shaped association between alcohol use
and cognitive function. Although we cannot draw firm
conclusions from an observational study, our results sug-
gest that it is unlikely that moderate alcohol use has a
beneficial effect on cognitive function, which was in line
with our previous Mendelian randomization study [10].
Regarding the increasing amount of alcohol use among
middle-aged and older people in the past decades, our
findings add to the evidence on the detrimental effects of
alcohol use [25, 26], which can be used to inform public
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Table 3 Changes in the immediate 10-word recall (IWRT) scores during an average follow-up of 4.1 years by baseline alcohol use

Alcohol use

Never/occasional

Total

Mean annual change®

Crude B (95% Ci) 0.00
Model 12 0.00
Model 2° 0.00
Mean annual rate of change, %

Crude B (95% C/) 0.00
Model 12 0.00
Model 2° 0.00
Men

Mean annual change

Crude S (95% C)) 0.00
Model 12 0.00
Model 2° 0.00
Mean annual rate of change, %

Crude B3 (95% Cl) 0.00
Model 12 0.00
Model 2° 0.00
Women

Mean annual change

Crude B3 (95% Cl) 0.00
Model 12 0.00
Model 2° 0.00
Mean annual rate of change, %

Crude B (95% C/) 0.00
Model 12 0.00
Model 2° 0.00

Moderate Excessive Former
-0.12(-0.20,-004)" -0.08(-0.22,007) -0.16 (-0.27,
-0.06)"

-0.10 (-0.19, -0.01)"
-0.10(-0.19,-0.01)

-0.14 (-0.29,0.02)
-0.15 (-0.30,0.01)

-0.10 (-0.20, 0.01)
-0.11 (-0.21,-0.01)"

068 (-1.21,0.15"  -051(-147,044)  -1.05 (-1.70,
-040)”

-054(-121,0.14)  -075(-1.93,043)  -141(-2.19,
-063)"

-0.56(-1.24,0.11)  -0.82(-2.00,0.36)  -1.46(-2.24,
-067)"

-0.14 (-0.25,-0.04)"

-0.16 (-0.27, -0.05)
-0.16 (-0.27,-0.04)

-0.02 (-0.18,0.13)
-0.14 (-0.30,0.02)
-0.14 (-0.30,0.02)

-0.08 (-0.23,0.07)
-0.05(-0.22,0.12)
-0.08 (-0.25, 0.09)

3

o

-0.95 (-1.64,-0.25)
126 (-2.14,-0.38)
-1.26 (-2.15,-0.38)"

-0.26 (-1.27,0.75)
-0.74 (-1.99, 0.50)
-0.76 (-2.01,0.49)

-0.50 (-1.49,049)
-0.95 (-2.27,0.36)
-1.03 (-2.36,0.30)

*or

-0.01(-0.15,0.13)  -0.07 (-0.61,046) -0.20 (-0.34,
-007)"

001 (-0.15,0.13)  -031(-0.85,023) -0.12 (-0.25,0.01)

-0.01(-0.15,0.13)  -032(-0.86,022) -0.13(-0.26,-0.01)"

0.19(-067,106)  006(-337,349)  -133(-2.19,-047)"

058 (-047,-163)  -167(-5.76,241)  -165(-2.63,-067)"

053 (051,159  -1.73(-581,2.36) -168(-2.65,-0.70)"

2 Model 1: adjusted for sex, age, baseline IWRT scores, body mass index, waist-to-hip-ratio, education, occupation, marital status, smoking, self-rated health, family
income and physical activity : Model 2: additionally adjusted for self-reported cardiovascular disease, hyperlipidemia, hypertension and type 2 diabetes": P values
for interaction between sex and alcohol use were 0.28 and 0.11 on the changes of IWRT scores “: P<0.05; *": P<0.01; *": P<0.001

health strategies on alcohol control. Furthermore, our
findings indicate that efforts in reducing alcohol con-
sumption and the associated health burden need to be
enforced. Middle-aged to older adults are encouraged to
reduce, or quit alcohol consumption to protect cognitive
function.

Comparison with previous studies

Our results observed moderate and excessive alcohol
drinkers had a faster decline in memory function. And
some previous studies also found these associations
in different races and proportions of alcohol drink-
ers [27-29]. A prospective cohort study in the US with
6339 participants showed that among women, moderate
alcohol drinkers (<28 g/day) had poor performance in
the aspect of memory function [27]. Another observa-
tional cohort study in the UK of 550 participants found

those drinking moderately (20-30 g/day) and excessively
(>43 g/day) had memory decline, probably through the
changes in hippocampal atrophy [28]. However, the pro-
tective association of moderate alcohol use with cog-
nitive function was observed in some studies [30-33].
There are several possible reasons for the discrepancy
between our findings and the protective effects of mod-
erate alcohol use seen in the West. It may be that in East
Asian populations such as ours, observational studies
on alcohol use are less biased by changes in alcohol use
with ill-health and social desirability bias, particularly
in men, in whom alcohol use is accepted but optional.
Alcohol consumption is a common social activity in the
West. People who are more health-conscious and self-
control tend to drink moderately than other people (i.e.,
healthy moderate drinker effect). Moreover, this modera-
tion not only presented in alcohol use but also in many
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Fig. 1 Association of daily alcohol use (g/day) with the mean annual change in DWRT scores (A), IWRT scores (B) and the risk of memory cognitive impair-
ment (C) during an average follow-up of 4.1 years Note: [1] 3 (solid line) and 95% confidence intervals (dashed line) and relative risk (solid line) and 95%
confidence intervals (dashed line) were adjusted for sex, age, baseline DWRT/IWRT scores, body mass index, waist-to-hip-ratio, education, occupation,
marital status, smoking, self-rated health, family income, physical activity, self-reported cardiovascular disease, hyperlipidemia, hypertension and type

2diabetes. [2] P values for non-linearity from 0.20 to 0.96

aspects, for example, physical activity and dietary pat-
tern [34]. Thus the favorable effect on cognitive function
could be explained by the healthy behaviors rather than
moderate alcohol use per se. Furthermore, other studies
draw unrelated conclusions. Two meta-analyses found

no association between moderate alcohol use and cog-
nitive impairment, with a higher degree of heterogene-
ity [35, 36]. And some observational studies also showed
such association [37-39], which could be due to insuf-
ficient sample size, inadequate reference group used,
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or outcome measures. For example, a cross-sectional
study of sixty-six adults reported that compared to non-
drinkers, excessive alcohol use (>28 g/day for men and
>14 g/day for women) was significantly associated with
memory impairment, whereas no association for moder-
ate alcohol use was found [40]. Similarly, the Whitehall
IT cohort found that heavy (=36 g/day) but not moder-
ate (20~ 35 g/day) drinking in men was associated with a
faster decline in short-term memory compared with men
who drank<20 g per day [41]. Another large prospective
cohort study of eastern Europeans showed no association
of moderate alcohol use, versus light drinkers (<10 g/day
for men and <5 g/day for women) with delayed or imme-
diate memory recall [42]. However, this study assessed
the association of alcohol consumption with baseline
or follow-up cognitive performance but not the rate of
cognitive decline. In addition, results of cross-sectional
studies in Asians also showed inconsistent results [43,
44]. One study of 585 elderly Japanese men showed no
association between alcohol consumption and memory
function [43]. Another study of 16,328 Chinese using
baseline data of the China Health and Retirement Lon-
gitudinal Study (CHRLS) showed that moderate alcohol
use (<28 g/day) was not associated with memory func-
tion, whereas at-risk (>28 g/day) drinkers had lower
scores of memory performance than never drinkers.
Regarding the inconsistent findings of the previous stud-
ies, our study adds to the literature by using longitudi-
nal data to assess the association with cognitive decline,
with the results generally consistent with the cross-sec-
tional findings in terms of excessive alcohol use from the
CHRLS [44].

Mechanism

There are some possible mechanisms underlying the
association between alcohol use and memory function.
One explanation was alcohol induced oxidative stress
and inflammatory responses in the hippocampus [45],
which is closely related to memory function [46]. Oxi-
dative stress refers to the cytopathologic consequences
of a mismatch between the production of free radicals
and the ability of the cell to defend against them, which
leads to elevated intracellular levels of reactive oxygen
species and subsequent damage to lipids, proteins, and
deoxyribonucleic acid [47]. In the hippocampal cells of
alcohol exposure, oxidative stress responses increased
and antioxidant components such as lipid peroxidase,
glutathione, and superoxide dismutase decreased rapidly
[48]. On the other hand, alcohol exposure also induced
neuroinflammation responses, triggering the production
of pro-inflammatory cytokines such as tumor necrosis
factor -a and interleukin-1pB, and activating the microg-
lia, and astrocytes in the hippocampus [45]. Moreover,
the activated microglia can also produce reactive oxygen
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species and reduce the levels of intracellular glutathione
[49].

Strengths and limitations

The strengths of this study included the large sample
size, population-based longitudinal study design with
an adequate follow-up period, repeated examination of
both immediate and delayed recall memory function, and
comprehensive measurement of alcohol use and covari-
ates. However, there were several limitations in our study.
Firstly, as alcohol use was assessed by self-report, social-
desirability bias could not be completely ruled out [50].
This might have led to an under-reporting of alcohol use,
thus the strength of the association of excessive alcohol
use with memory function could be underestimated.
Secondly, due to the relatively small number of alcohol
users in our study, we did not have sufficient partici-
pants to further breakdown by type of alcoholic beverage,
although there is no evidence that the effects of ethanol
on cognitive function vary by beverage type. In addition,
the marginally non-significant results in excessive drink-
ers could also be due to insufficient statistical power.
However, the tests for linearity on the associations of
alcohol use status with changes in DWRT/IWRT scores
showed suggestive evidence for linearity, indicating that
excessive drinkers might have the greatest decline in
DWRT/IWRT scores. Thirdly, the effects of binge drink-
ing were not assessed because it was rare in middle-aged
and older Chinese [51, 52]. Fourthly, the years of absti-
nence and previous alcohol use in former drinkers were
not detailed. Further studies will focus on the associa-
tion of abstinence with memory decline. Meanwhile, a
few alcohol drinkers may abstain due to their own health
conditions, which could also lead to an underestimation
of the cognitive decline related to alcohol use. Fifthly, we
did not examine the psychometric appropriateness of the
adapted 10-word recall test, although this test has been
used in many previous studies [10, 21, 53]. Future studies
examining the psychometric appropriateness of this test
in various populations are warranted. Finally, as patterns
of alcohol use might vary across settings and all partici-
pants were recruited from a city in China, the generaliz-
ability of the results to other populations may be limited,
although biologically there is no reason to think why it
cannot be generalized.

Conclusion

Compared with never or occasional alcohol use, both
moderate and excessive alcohol users had greater mem-
ory decline and the associations did not vary by sex
and age group. Moreover, the risk of memory cognitive
impairment increased with the amount of alcohol use.



Tian et al. BVIC Psychiatry (2022) 22:673

Abbreviations
DWRT Delayed 10-word recall test.
IWRT Immediate 10-word recall test.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512888-022-04298-z.

Supplementary Material 1. Changes in the DWRT and IWRT scores and
memory cognitive impairment during an average follow-up of 4.1 years by
baseline alcohol use and age group

Acknowledgements

The authors are grateful to the participants and the investigators from the
Guangzhou Biobank Cohort Study. The Guangzhou Biobank Cohort Study
investigators include: Guangzhou Twelfth People’s Hospital: W.S. Zhang, M.
Cao, T. Zhu, B. Liu, CQ. Jiang (co-principal investigator); The University of

Hong Kong: C.M. Schooling, S.M. McGhee, G.M. Leung, R. Fielding, TH. Lam
(co-principal investigator); The University of Birmingham: P. Adab, G.N. Thomas,
KK. Cheng (co-principal investigator).

Authors’ contributions

Yu meng Tian, Lin Xu, Wei Sen Zhang, Chao Qiang Jiang, Feng Zhu, Ya Li Jin,
Tong Zhu, and Kar Keung Cheng have substantial contributions to conception
and design, acquisition of funding, and data and interpretation of data; Yu
meng Tian and Lin Xu analyzed the data and drafted the manuscript; Lin

Xu, Wei Sen Zhang, Chao Qiang Jiang, Feng Zhu, Ya Li Jin, Tong Zhu, and Kar
Keung Cheng revised it for important intellectual content. Lin Xu and Wei Sen
Zhang are the guarantors. All authors read and approved the final manuscript.

Funding

This work was supported by Natural Science Foundation of China (No.
81941019). The Guangzhou Biobank Cohort Study was funded by The
University of Hong Kong Foundation for Educational Development and
Research (SN/1 f/HKUF-DC; C20400.28505200), Health Medical Research

Fund (Grant number: HMRF/13143241) in Hong Kong; Guangzhou Public
Health Bureau (201102A211004011) and Guangzhou Science and Technology
Bureau, Guangzhou, China (2002Z22-E2051; 2012J5100041; 2013J4100031;
201704030132); the University of Birmingham, UK.

Data Availability

Ethical approval in place allows us to share data on requests. Please directly
send such requests to the Guangzhou Biobank Cohort Study Data Access
Committee (gbcsdata@hku.hk).

Declarations

Ethics approval and consent to participate

The Guangzhou Medical Ethics Committee of the Chinese Medical Association
approved the study (ethics approval ID:2021047), and all participants gave
written, informed consent before participation. All methods were performed
in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declared that they have no competing interests.

Received: 20 June 2022 / Accepted: 10 October 2022
Published online: 01 November 2022

References

1. PanzaF, FrisardiV, Seripa D, Logroscino G, Santamato A, Imbimbo BP, et al.
Alcohol consumption in mild cognitive impairment and dementia: harmful
or neuroprotective? Int J Geriatr Psychiatry. 2012;27(12):1218-38.

20.

21.

22.

23.

Page 9 of 10

Klekociuk SZ, Summers JJ, Vickers JC, Summers MJ. Reducing false positive
diagnoses in mild cognitive impairment: the importance of comprehensive
neuropsychological assessment. Eur J Neurol. 2014;21(10):1330-6. 82-3.
Kirova AM, Bays RB, Lagalwar S. Working memory and executive function
decline across normal aging, mild cognitive impairment, and Alzheimer's
disease. Biomed Res Int. 2015;2015:748212.

Piumatti G, Moore SC, Berridge DM, Sarkar C, Gallacher J. The relation-

ship between alcohol use and long-term cognitive decline in middle and
late life: a longitudinal analysis using UK Biobank. J Public Health (Oxf).
2018;40(2):304-11.

Reid MC, Van Ness PH, Hawkins KA, Towle V, Concato J, Guo Z. Light to
moderate alcohol consumption is associated with better cognitive function
among older male veterans receiving primary care. J Geriatr Psychiatry
Neurol. 2006;19(2):98-105.

Kim S, Kim Y, Park SM. Association between alcohol drinking behaviour and
cognitive function: results from a nationwide longitudinal study of South
Korea. BMJ open. 2016;6(4):e010494.

Xue H, Sun Q, Liu L, Zhou L, Liang R, He R, et al. Risk factors of transition from
mild cognitive impairment to Alzheimer’s disease and death: A cohort study.
Compr Psychiatr. 2017;78:91-7.

Langballe EM, Ask H, Holmen J, Stordal E, Saltvedt |, Selbaek G, et al. Alcohol
consumption and risk of dementia up to 27 years later in a large, population-
based sample: the HUNT study, Norway. Eur J Epidemiol. 2015;30(9):1049-56.
Zanjani F, Downer BG, Kruger TM, Willis SL, Schaie KW. Alcohol effects on
cognitive change in middle-aged and older adults. Aging Ment Health.
2013;17(1):12-23.

Au Yeung SL, Jiang CQ, Cheng KK, Liu B, Zhang WS, Lam TH, et al. Evaluation
of moderate alcohol use and cognitive function among men using a Men-
delian randomization design in the Guangzhou biobank cohort study. Am J
Epidemiol. 2012;175(10):1021-8.

Bond GE, Burr RL, McCurry SM, Rice MM, Borenstein AR, Larson EB. Alcohol
and cognitive performance: a longitudinal study of older Japanese Ameri-
cans. The Kame Project International psychogeriatrics. 2005;17(4):653-68.
Jiang C, Thomas GN, Lam TH, Schooling CM, Zhang W, Lao X, et al. Cohort
profile: The Guangzhou Biobank Cohort Study, a Guangzhou-Hong Kong-
Birmingham collaboration. Int J Epidemiol. 2006;35(4):844-52.

Xu L, Jiang CQ, Schooling CM, Zhang WS, Cheng KK, Lam TH. Liver enzymes
and incident diabetes in China: a prospective analysis of 101764 participants
in the Guangzhou Biobank Cohort Study. J Epidemiol Community Health.
2015;69(11):1040-4.

Schooling CM, Jiang CQ, Lam TH, Zhang WS, Cheng KK, Leung GM. Alcohol
use and fasting glucose in a developing southern Chinese population:

the Guangzhou Biobank Cohort Study. J Epidemiol Community Health.
2009,63(2):121-7.

Zhang WS, Jiang CQ, Cheng KK, Adab P, Thomas GN, Liu B, et al. Alcohol
sensitivity, alcohol use and hypertension in an older Chinese population: the
Guangzhou Biobank Cohort Study. Hypertens Res. 2009;32(9):741-7.

Choi YJ, Myung SK, Lee JH. Light Alcohol Drinking and Risk of Cancer: A Meta-
Analysis of Cohort Studies. Cancer Res Treat. 2018;50(2):474-87.

Jiang CQ, Xu L, Lam TH, Thomas GN, Zhang WS, Cheng KK, et al. Alcohol
consumption and aortic arch calcification in an older Chinese sample: the
Guangzhou Biobank Cohort Study. Int J Cardiol. 2013;164(3):349-54.
Knopman DS, Ryberg S. A verbal memory test with high predictive accuracy
for dementia of the Alzheimer type. Arch Neurol. 1989;46(2):141-5.

Welsh KA, Butters N, Mohs RC, Beekly D, Edland S, Fillenbaum G, et al.

The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD).
PartV. A normative study of the neuropsychological battery. Neurology.
1994,44(4).609-14.

Prince M, Acosta D, Chiu H, Scazufca M, Varghese M. Dementia diag-

nosis in developing countries: a cross-cultural validation study. Lancet.
2003;361(9361):909-17.

Xu L, Jiang CQ, Lam TH, Zhang WS, Cherny SS, Thomas GN, et al. Sleep
duration and memory in the elderly Chinese: longitudinal analysis of the
Guangzhou Biobank Cohort Study. Sleep. 2014;37(11):1737-44.

van Ojen R, Hooijer C, Bezemer D, Jonker C, Lindeboom J, van Tilburg W. Late-
life depressive disorder in the community. I. The relationship between MMSE
score and depression in subjects with and without psychiatric history. Br J
psychiatry: J mental Sci. 1995;166(3):311-5, 9.

HuangV, Jiang C, Xu L, Zhang W, Zhu F, Jin Y, et al. Mortality in relation to
changes in physical activity in middle-aged to older Chinese: An 8-year
follow-up of the Guangzhou Biobank Cohort Study. J sport health Sci.
2021;10(4):430-8.


http://dx.doi.org/10.1186/s12888-022-04298-z
http://dx.doi.org/10.1186/s12888-022-04298-z

Tian et al. BVIC Psychiatry

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

(2022) 22:673

Shield KD, Rylett M, Gmel G, Gmel G, Kehoe-Chan TA, Rehm J. Global alcohol
exposure estimates by country, territory and region for 2005-a contribution
to the Comparative Risk Assessment for the 2010 Global Burden of Disease
Study. Addiction (Abingdon England). 2013;108(5):912-22.

Liu N, Cadilhac DA, Kilkenny MF, Liang Y. Changes in the prevalence of
chronic disability in China: evidence from the China Health and Retirement
Longitudinal Study. Public Health. 2020;185:102-9.

Calvo E, Medina JT, Ornstein KA, Staudinger UM, Fried LP, Keyes KM. Cross-
country and historical variation in alcohol consumption among older men
and women: Leveraging recently harmonized survey data in 21 countries.
Drug Alcohol Depend. 2020,215:108219.

Edelstein SL, Kritz-Silverstein D, Barrett-Connor E. Prospective association

of smoking and alcohol use with cognitive function in an elderly cohort. J
women’s health. 1998:;7(10):1271-81.

Topiwala A, Allan CL, Valkanova V, Zsoldos E, Filippini N, Sexton C, et al.
Moderate alcohol consumption as risk factor for adverse brain outcomes and
cognitive decline: longitudinal cohort study. BMJ. 2017;357;j2353.

Wardzala C, Murchison C, Loftis JM, Schenning KJ, Mattek N, Woltjer R,

et al. Sex differences in the association of alcohol with cognitive decline

and brain pathology in a cohort of octogenarians. Psychopharmacology.
2018,;235(3):761-70.

Zhang R, Shen L, Miles T, Shen'Y, Cordero J, Qi Y, et al. Association of Low to
Moderate Alcohol Drinking With Cognitive Functions From Middle to Older
Age Among US Adults. JAMA Netw Open. 2020;3(6):207922.

Reas ET, Laughlin GA, Kritz-Silverstein D, Barrett-Connor E, McEvoy LK.
Moderate, Regular Alcohol Consumption is Associated with Higher Cogni-
tive Function in Older Community-Dwelling Adults. J Prev Alzheimers Dis.
2016;3(2):105-13.

Herring D, Paulson D. Moderate alcohol use and apolipoprotein E-4 (ApoE-4):
Independent effects on cognitive outcomes in later life. J Clin Exp Neuropsy-
chol. 2018;40(4):326-37.

Ganguli M, Vander Bilt J, Saxton JA, Shen C, Dodge HH. Alcohol consumption
and cognitive function in late life: a longitudinal community study. Neurol-
0gy. 2005;65(8):1210-7.

Biddinger KJ, Emdin CA, Haas ME, Wang M, Hindy G, Ellinor PT, et al. Associa-
tion of Habitual Alcohol Intake With Risk of Cardiovascular Disease. JAMA
Netw open. 2022;5(3):e223849.

Peters R, Peters J, Warner J, Beckett N, Bulpitt C. Alcohol, dementia

and cognitive decline in the elderly: a systematic review. Age Ageing.
2008,37(5):505-12.

Anstey KJ, Mack HA, Cherbuin N. Alcohol consumption as a risk factor for
dementia and cognitive decline: meta-analysis of prospective studies.

Am J geriatric psychiatry: official J Am Association Geriatric Psychiatry.
2009;17(7):542-55.

Gross AL, Rebok GW, Ford DE, Chu AY, Gallo JJ, Liang KY, et al. Alcohol
consumption and domain-specific cognitive function in older adults: longitu-
dinal data from the Johns Hopkins Precursors Study. J Gerontol B Psychol Sci
Soc Sci. 2011,66(1):39-47.

Sun L, Xu H, Zhang J, LiW, Nie J, Qiu Q, et al. Alcohol Consumption and
Subclinical Findings on Cognitive Function, Biochemical Indexes, and Cortical

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

Page 10 of 10

Anatomy in Cognitively Normal Aging Han Chinese Population. Front Aging
Neurosci. 2018;10:182.

Yan Z,Yingjie Z,Na A, Qi Q, Wei L, Wenzheng W, et al. The Effects of
Light-to-Moderate Alcohol Consumption on the Cognitive Function of
Community Nondemented Male Elderly: A Cohort Study. Behav Neurol.
2021;2021:5681913.

Woods AJ, Porges EC, Bryant VE, Seider T, Gongvatana A, Kahler CW, et al.
Current Heavy Alcohol Consumption is Associated with Greater Cognitive
Impairment in Older Adults. Alcohol Clin Exp Res. 2016;40(11):2435-44.
Sabia S, Elbaz A, Britton A, Bell S, Dugravot A, Shipley M, et al. Alco-

hol consumption and cognitive decline in early old age. Neurology.
2014;82(4):332-9.

Horvat P, Richards M, Kubinova R, Pajak A, Malyutina S, Shishkin S, et al. Alco-
hol consumption, drinking patterns, and cognitive function in older Eastern
European adults. Neurology. 2015;84(3):287-95.

Siddiquee AT, Kadota A, Fujiyoshi A, Miyagawa N, Saito Y, Suzuki H, et al. Alco-
hol consumption and cognitive function in elderly Japanese men. Alcohol.
2020;85:145-52.

Ge S, Wei Z, Liu T, Wang J, Li H, Feng J, et al. Alcohol Use and Cognitive
Functioning Among Middle-Aged and Older Adults in China: Findings of the
China Health and Retirement Longitudinal Study Baseline Survey. Alcohol
Clin Exp Res. 2018;42(10):2054-60.

Mira RG, Tapia-Rojas C, Perez MJ, Jara C, Vergara EH, Quintanilla RA, et al.
Alcohol impairs hippocampal function: From NMDA receptor synaptic trans-
mission to mitochondrial function. Drug Alcohol Depend. 2019;205:107628.
Lisman J, Buzsaki G, Eichenbaum H, Nadel L, Ranganath C, Redish AD.
Viewpoints: how the hippocampus contributes to memory, navigation and
cognition. Nat Neurosci. 2017;20(11):1434-47.

Losada-Barreiro S, Bravo-Diaz C. Free radicals and polyphenols: The

redox chemistry of neurodegenerative diseases. Eur J Med Chem.
2017;133:379-402.

Tiwari V, Kuhad A, Chopra K. Suppression of neuro-inflammatory signal-

ing cascade by tocotrienol can prevent chronic alcohol-induced cognitive
dysfunction in rats. Behav Brain Res. 2009;203(2):296-303.

Andersson U, Tracey KJ. Reflex principles of immunological homeostasis.
Annu Rev Immunol. 2012;30:313-35.

Rothman KJ, Gallacher JE, Hatch EE. Why representativeness should be
avoided. Int J Epidemiol. 2013;42(4):1012-4.

Cochrane J, Chen H, Conigrave KM, Hao W. Alcohol use in China. Alcohol
Alcohol. 2003;38(6):537-42.

Hao W, Chen H, Su Z. China: alcohol today. Addiction. 2005;100(6):737-41.
Gui H, Jiang CQ, Cherny SS, Sham PC, Xu L, Liu B, et al. Influence of Alzheim-
er's disease genes on cognitive decline: the Guangzhou Biobank Cohort
Study. Neurobiol Aging. 2014;35(10):2422.e3-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association of alcohol use with memory decline in middle-aged and older Chinese: a longitudinal cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study sample and setting
	﻿Exposures
	﻿Outcomes
	﻿Potential confounders
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Comparison with previous studies
	﻿Mechanism
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


