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Abstract

Aim: To synthesise international findings on the alcohol-dementia relationship, including
representation from low- and middle-income countries.

Methods: Individual participant data meta-analysis of 15 prospective epidemiological cohort
studies from countries situated in six continents. Cox regression investigated the dementia risk
associated with alcohol use in older adults aged over 60 years. Additional analyses assessed

the alcohol-dementia relationship in the sample stratified by sex and by continent. Participants
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included 24,478 community dwelling individuals without a history of dementia at baseline and at
least one follow-up dementia assessment. The main outcome measure was all-cause dementia as
determined by clinical interview.

Results: At baseline, the mean age across studies was 71.8 (standard deviation 7.5, range
60-102 years), 14,260 (58.3%) were female, and 13,269 (54.2%) were current drinkers. During
151,636 person-years of follow-up, there were 2,124 incident cases of dementia (14.0 per 1,000
person-years). When compared with abstainers, the risk for dementia was lower in occasional
(hazard ratio [HR]: 0.78; 95% confidence interval [CI]: 0.68-0.89), light-moderate (HR: 0.78;
95% ClI: 0.70-0.87) and moderate-heavy drinkers (HR: 0.62; 95% CI: 0.51-0.77). There was no
evidence of differences between lifetime abstainers and former drinkers in terms of dementia risk
(HR: 0.98; 95% ClI: 0.81-1.18). In dose-response analyses, moderate drinking up to 40g/day was
associated with a lower risk of dementia when compared with lifetime abstaining. Among current
drinkers, there was no consistent evidence for differences in terms of dementia risk. Results were
similar when the sample was stratified by sex. When analysed at the continent level, there was
considerable heterogeneity in the alcohol-dementia relationship.

Conclusions: Abstinence from alcohol appears to be associated with an increased risk for
all-cause dementia. Among current drinkers, there appears to be no consistent evidence to suggest
that the amount of alcohol consumed in later life is associated with dementia risk.

Keywords

alcohol; dementia; cross-national comparison; epidemiology; individual participant data meta-
analysis

Introduction

In recent decades, the estimated global prevalence of dementia has nearly tripled, from

20.2 million in 1990 to 57.4 million in 2019 1. By 2050, the number of individuals living
with dementia globally is projected to increase to 152 million 2. Due to increases in life
expectancy and greater risk factor exposure, the largest increase in dementia prevalence

is expected among those living in low- and middle-income countries 2. In the absence

of disease-modifying treatments for dementia, risk factor reduction is a fundamental

strategy for preventing dementia onset 3. To this end, in the 2020 report from 7he Lancet
Commission for Dementia Prevention, Intervention and Care it was estimated that 40% of
global dementia cases could be prevented or delayed if twelve key modifiable risk factors for
dementia were eliminated 3.

Excessive or harmful alcohol use in midlife was newly included in the 2020 report from
The Lancet Commission as one of the key modifiable risk factors for dementia 3. This was
supported by considerable evidence for the neurotoxic effects of ethanol on the brain 4=,
and by a recent study of hospital-based records that identified alcohol use disorders as one
of the strongest modifiable risk factors for dementia when compared with other established
risk factors, including high blood pressure and diabetes 7. In population-based observational
studies, often based on samples of older adults, heavy alcohol use has sometimes been
found to increase the risk for dementia, although some studies have found heavy alcohol
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use to be unrelated to dementia risk 8. In contrast to heavy use, population-based studies
have often found that light-to-moderate alcohol use appears to reduce dementia risk when
compared with abstinence 8. Overall, reviews of population-based observational studies
suggest that the alcohol-dementia relationship is likely to be J-shaped, with low levels of
alcohol use conferring some benefit when compared with abstinence from alcohol, and
progressively higher levels of alcohol use associated with a steadily increasing dementia risk
in a dose-response trend 8-10,

While the evidence base for the alcohol-dementia relationship is large, prior meta-analyses
of published results have several limitations. There is a lack of standardisation across
studies in terms of alcohol categorisation, with definitions of ‘light, ‘moderate’ and ‘heavy’
alcohol use varying widely across studies and impeding cross-study comparison. The
abstaining group is often comprised of both former drinkers and lifetime abstainers, with
former drinkers (or ‘sick quitters”) potentially driving the relationship between abstention
and poorer health outcomes (i.e., reverse causation) 11, Importantly, studies of the alcohol-
dementia relationship are largely based on samples from high income countries ° 1°.
Evidence for the relationship between alcohol use and dementia is sparse in low- to middle-
income countries, where the future burden of dementia is likely to be concentrated 3, and
where alcohol use is increasing 2.

The current study addresses these limitations by harmonising individual participant level
data from 15 prospective epidemiological cohort studies, including representation from
countries situated across six continents, and examining the alcohol-dementia relationship.
The overall aim of this study is to synthesise international findings on the alcohol-dementia
relationship, including representation from low- and middle-income countries.

2 Methods

2.1 Contributing cohorts

All 15 contributing cohort studies are members of the Cohort Studies of Memory in an
International Consortium (COSMIC) collaboration 13 and are detailed in Table 1. None of
the cohorts reported participant exclusion criteria on the basis of alcohol use. Individuals
were excluded from the current study if they were diagnosed with dementia at baseline, if
they were missing baseline dementia status data, if they did not have any follow-up dementia
status assessment, or if they were missing baseline alcohol use, age, or sex data. For the
current study, baseline year of data collection for each cohort was the first assessment
occasion where both alcohol use and dementia status were assessed and ranged from 1975
to 2011. The cohorts had various assessment schedules (2-19 waves), follow-up durations
(5-40 years), and methods for establishing consensus diagnosis of dementia (Supplementary
Material Table S1). While the majority of the cohorts were based in high income countries,
this study also includes representation from cohorts based in Brazil and the Republic of
Congo. This project was approved by the University of New South Wales Human Research
Ethics Committee (HC12446 and HC17292). The contributing cohort studies also had ethics
approval. This study is reported as per the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines. The analysis was not pre-registered and
should therefore be considered exploratory.
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2.2 Measures

Criteria for dementia diagnoses are listed in Table 1. Given variability across the
contributing cohorts in terms of data collected on dementia subtypes, as well as the low
population incidence of dementia, the main outcome variable for the current study was
all-cause dementia. Date of death data was also provided for 13 of the 15 cohorts included in
this study, allowing the implementation of competing risks models in these datasets (date of
death data were not available for the PATH and SPAH cohorts).

For each cohort, alcohol use was converted into average grams of pure ethanol per day
(grams/day), taking into account the type of alcoholic beverage reported (in studies where
beverage type was differentiated) and the definition of a standard drink in the different
national contexts. This grams/day variable was used to model the dose-response relationship
between alcohol use and dementia. Using data from all cohorts, a five-level alcohol use
variable was calculated that included no current alcohol use (current abstaining), occasional
alcohol use (<1.3 g/day), light-moderate alcohol use (1.3-24.9g/day), moderate-heavy
alcohol use (25-44.9g/day) and heavy alcohol use (>45g/day). In 11 of the 15 cohorts, data
on historical alcohol use were also available (i.e., ever consumed alcohol over the lifetime),
allowing the separation of the current abstaining group into former drinkers and lifetime
abstainers in these 11 cohorts. Supplementary Table S2 includes details on assessment of
alcohol use within each cohort and detailed code for processing the alcohol use data within
each cohort is included in the Supplementary Materials (pg. 32-49). Four of the 15 cohorts
also included information on frequency of alcohol use among current drinkers that could be
harmonised so that daily drinkers could be compared with those drinking less than daily (see
Supplementary Table S2 for details on harmonisation of frequency data).

All cohorts included data on age, sex, and smoking status (categorised as current, former,
and never smoker). Additional demographic covariates included years of education at
baseline (continuous variable; data available from 14 cohorts) and body mass index at
baseline (BMI; continuous variable; data available from 14 cohorts). Clinical covariates
included baseline depression status (absent/present; data available from all cohorts), a
history of stroke at baseline (absent/present; data available from 14 cohorts), a history

of diabetes at baseline (absent/present; data available from all cohorts), a history

of myocardial infarction at baseline (absent/present; data available from 13 cohorts),
hypertension at baseline (absent/present; data available from all cohorts) and high
cholesterol at baseline (absent/present; data available from 14 cohorts). Tables S3-S8 in the
Supplementary Materials include detail on the assessment, harmonisation and distribution of
all demographic and clinical covariates.

2.3 Statistical analysis

The proportion of missing data was generally less than 5% for any given covariate within
a cohort, although extensive missing data was present for some covariates in some cohorts
(see Supplementary Tables S7 and S8 for details on missing data on baseline covariates).
Prior to analysis, multiple imputation was used to account for missing data on baseline
covariates within each cohort. For each cohort, 20 imputed datasets were created using
the mice package in R 4. To correct for the presence of dependent censoring, inverse
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probability of censoring weights were calculated using the Weight/tpackage in R1°. See
supplementary materials for further details on multiple imputation and weight generation,
as well as the R code. Data from individual cohorts were combined and analysed using

a one-stage individual participant data meta-analytic approach. Event times were censored
at the end of follow-up/participant drop-out, date of dementia diagnosis, or date of death.
A p-value of .05 was considered statistically significant and 95% confidence intervals are
reported.

Alcohol use categories—Analyses first focused on the categorical alcohol use variable
and were conducted in the full sample with current abstainers as the reference category.

All analyses were then repeated in the sample of 11 cohorts where lifetime abstainers and
former drinkers could be separated, with lifetime abstainers as the reference category. These
analyses included inverse probability of censoring weights and were adjusted for age, sex,
and smoking status, as well as a random effect for cohort using the coxime package in R 16.
To identify sex-specific relationships between alcohol use and dementia, these analyses were
repeated in males and females.

Next, analyses were repeated in the subsample of cohorts that allowed adjustment

for all additional demographic and clinical covariates considered (i.e., education, BMI,
depression, stroke, diabetes, myocardial infarction, hypertension, high cholesterol). These
“fully adjusted’ analyses were conducted to determine whether the relationship between
dementia and alcohol use was robust to potential confounders.

Analyses were then conducted that accounted for competing risks of mortality in the cohorts
that provided date of death data. This analysis accounted for the possibility that those who
died may have developed dementia in the future. Competing risks models were conducted
using the survival package in R17, adjusting for age, sex and smoking status, as well as
cohort as a clustering variable (as opposed to a random effect). All sub-group analyses based
on sex, covariate adjustment and competing risks were planned a priori.

Dose-response curves—Dose-response analyses were first conducted with 0 g/day as
the reference value. Former drinkers were excluded from these analyses and were therefore
conducted in 11 of the 15 cohorts where lifetime abstainers could be separated from former
drinkers. To allow health guidance among drinkers, these analyses were repeated using
current drinkers only from each of the 15 cohorts, with the lowest volume of alcohol
consumed per day set as the reference value (0.3 g/day). The rms package 18 in £ was used
to calculate hazard ratios for alcohol use modelled using restricted cubic splines (3 knots at
the 10, 50t and 90t percentiles). These models included inverse probability of censoring
weights and adjusted for the fixed effects of age, sex, and smoking status, as well as cohort
as a cluster variable. These analyses were also repeated in subsamples of males and females
and in the subsample of cohorts that allowed for adjustment of all demographic and clinical
covariates considered.

Post hoc sensitivity analyses—To correct for measurement error and within-person
variability in alcohol use over time, multi-level regression calibration was implemented
using information from 66,898 follow up assessments in 15,433 participants from 12
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cohorts. A regression dilution ratio was estimated from a calibration model that regressed
follow-up alcohol consumption measurements on baseline alcohol consumption, adjusted for
duration of follow-up and baseline age, sex, smoking status, education, BMI, depression,
stroke, diabetes, hypertension, and high cholesterol. Nested random effects for follow-up
wave and study were also included in the calibration model. The resulting regression
dilution ratio of 0.46 was extracted from this calibration model and hazard ratios and
confidence intervals were divided by this estimate to derive dose-response curves that

accounted for measurement error and within-person variability in alcohol use over time
19-21

Post hoc sensitivity analyses were also conducted to determine whether the results replicated
within cohorts grouped by continent where there were sufficient data, as well as to determine
whether the results replicated after those reporting stroke at baseline were excluded from the
analysis.

The relationship between daily drinking and dementia risk was also examined in four
cohorts that included consistent information on frequency of alcohol use. These analyses
were conducted with the coxme package in R and included the binary drinking frequency
variable (daily drinking/not daily drinking) while adjusting for age, sex, smoking status, and
baseline alcohol consumption (grams/day), as well as cohort as a random effect.

3 Results

The combined sample of 15 cohorts included 33,532 individuals. Of these, 1,522 individuals
were excluded from the current study due to a dementia diagnosis at baseline, 270 had
missing baseline dementia status data, 832 did not have baseline alcohol use data, 6 did not
have data on sex and 6,424 did not have any follow-up dementia status assessment. The
final analytic sample consisted of 24,478 individuals. Those included and excluded from the
analyses differed in terms of alcohol use, as well as demographic and clinical characteristics
(see Supplementary Materials, Tables S9-10).

At baseline, the mean age across studies was 71.8 (SD 7.5, range 60-102 years), 14,260
(58.3%) were female, and 13,269 (54.2%) were current drinkers (Table 2). During 151,636
person-years of follow-up, there were 2,124 incident cases of dementia (14.0 per 1,000
person-years). Baseline drinking patterns varied considerably across cohorts, particularly
with respect to the number of abstainers (Table 2), as did demographic and clinical
characteristics (Table 2; Supplementary Tables S7 and S8). The relationships between each
of the demographic and clinical characteristics and dementia risk in the combined sample
are reported in Supplementary Table S11.

Alcohol use categories

When compared with abstainers, the risk for dementia was lower in occasional, light-
moderate and moderate-heavy drinkers (Table 3). Similar relationships were found in the
fully adjusted model and competing risk model, as well as in the subsample of males. For
women, the unadjusted model showed that, when compared with abstainers, the risk for
dementia was lower in occasional, light-moderate and moderate-heavy drinkers. There was
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no evidence of a relationship between alcohol use and dementia in females when the models
were fully adjusted and when the model adjusted for competing risk of death.

In the 11 cohorts where lifetime abstainers could be separated from former drinkers
(n=20,187; Table S12), there was no evidence for statistically significant differences
between lifetime abstainers (reference group) and former drinkers in terms of dementia risk.
There was similarly no evidence for statistically significant differences between lifetime
abstainers and former drinkers in the subsample of males, the subsample of females, when
the analyses were fully adjusted for all demographic and clinical characteristics and when
the competing risk of death was taken into account.

Dose response curves

Across the 11 cohorts with data on former drinkers, 2,223 participants were classified

as former drinkers and excluded from the dose-response analysis with Ograms/day as the
reference value (n=17,964). In this analysis (Figure 1), moderate drinking up to 40grams/day
was associated with a lower risk of incident dementia when compared with lifetime
abstaining (p-value for non-linearity = 0.0004). A similar relationship was identified in
males (n=7,216; p-value for non-linearity = 0.0004) and females (n=10,748; p-value for
non-linearity = 0.0004), as well as in analyses which fully adjusted for demographic and
clinical characteristics (n=15,979; p-value for non-linearity = 0.043).

Meanwhile, a total of 13,335 participants (from 15 cohorts) were classified as current
drinkers and included in the drinker only dose-response analysis. Among drinkers, there was
no evidence for differences in terms of dementia risk (Figure 2). There was also no evidence
for a relationship between alcohol use and dementia risk identified in males (n=7,063)

or females (n=6,272), as well as in analyses which adjusted for demographic and clinical
characteristics (n=11,722).

Sensitivity analyses

Results remained similar when baseline drinking status was adjusted for using the regression
dilution ratio (Supplementary Figures S1 and S2).

In the analysis comparing daily drinkers with those who were not daily drinkers (n=4,581),
there was no evidence for statistically significant differences in terms of dementia risk (HR:
0.64; 95% CI 0.41-1.0; p=0.052).

When those who reported stroke at baseline were excluded from the analyses, a similar
relationship was identified between alcohol use and dementia risk in the samples including
lifetime abstainers (n=17,016) and drinkers only (n=12,343; see Figure S3 Supplementary
Materials).

Sub-group analyses by continent were possible for North America (USA), Europe, Oceania
(Australia) and Asia (Korea). For the abstainer analysis (Supplementary Figure S4), there
were non-linear relationships between alcohol use and dementia risk for North America
(n=2,380), Europe (n=6,735) and Asia (n=4,737), although there was no evidence for any
statistically significant differences within these reduced sample sizes. In Oceania (n=2,898),
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there was evidence of a protective effect of alcohol use across the full spectrum of
consumption when compared with lifetime abstainers. For the analysis including current
drinkers only, results differed across continents (Supplementary Figure S5). When compared
to those who drank minimally (0.3 grams/day), there was evidence of lower dementia risk
among light-to-moderate drinkers in Europe (n=4,527) and across the full spectrum of
alcohol consumption in Oceania (n=2,733). Conversely, in North America (n=3,877) there
was a higher dementia risk among light-to-moderate drinkers when compared to those who
drank minimally. Meanwhile, there was no evidence of a relationship between alcohol use
and dementia risk among current drinkers in Asia (n=1,664).

4 Discussion

In a large international sample of older adults aged over 60 years, the current study found
that abstinence from alcohol is associated with an increased risk for all-cause dementia.
The increased risk associated with abstaining was evident in subsamples of both males and
females, as well as in both former drinkers and lifetime abstainers. Among current drinkers
in the general population, there was no consistent evidence to suggest that the amount of
alcohol consumed in later life was significantly associated with dementia risk. While the
current findings are relevant to the majority of older drinkers in the general population, the
current study does not provide evidence on the relationships between dementia risk and
heavier drinking or alcohol use disorder which are relatively rare in the general population.

4.1 Strengths and limitations

Through the use of data harmonisation and individual participant data analysis, the current
study overcomes many limitations of previous research. Across the 15 cohorts, alcohol

use categories were harmonised so that comparisons were consistent across cohorts. The
majority of cohorts allowed the separation of current abstainers into former drinkers and
lifetime abstainers, allowing the exclusion of former drinkers from the abstainer category.
Within each cohort, clinical consensus diagnosis of all-cause dementia was used as the
outcome variable. Importantly, this study included cohorts from high income countries and
low-middle-income countries (i.e., Brazil and the Republic of Congo), providing evidence of
the alcohol-dementia relationship in an international context.

Balanced against these strengths, the current findings also need to be considered within

the context of some limitations. Alcohol use was assessed by self-report, which is prone

to under-reporting. Beverage type was not consistently assessed across the cohorts and
therefore could not be considered in the current study. Some studies have found that some
beverage types (i.e., wine) are more protective against dementia when compared with other
beverage types (i.e., spirits) 22. However, predominant beverage type is highly confounded
with other sociodemographic characteristics and some reviews have suggested that ethanol
itself should be the focus of study, rather than any particular beverage type 23. While the
current study was able to account for many demographic and clinical characteristics which
were harmonized across cohorts, uncontrolled confounding may still impact this study’s
results. Frequency of alcohol use is likely to be an important factor in dementia risk, but
the current study was limited in the way it could examine alcohol frequency across cohorts.
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Healthy survivor bias may also impact the current findings, particularly given the older
average age of the cohorts, and possibly reflected in the small numbers of participants in

the more extreme drinking categories. While data were able to be stratified to investigate the
alcohol-dementia relationship in four of the six continents represented in the current study,
there was insufficient power to examine this relationship in the single cohorts representing
South America (Brazil) and Africa (Republic of Congo). Future work is needed to better
understand the alcohol-dementia relationship in low- and middle-income countries.

4.2 Abstaining and increased dementia risk

While abstinence from alcohol has often been associated with a higher risk for dementia 22,
this relationship is the subject of considerable debate. When compared with abstainers, light-
to-moderate alcohol use has been found to be protective for vascular dementia (RR=0.75;
95% Cl: 0.57-0.98), Alzheimer’s disease (RR=0.61; 95% CI: 0.54-0.68; RR: 0.72; 95%

Cl: 0.61-0.86) and all-cause dementia (RR=0.74; 95% CI: 0.61-0.91) 10 in a previous
systematic review of meta-analyses. In a scoping review of systematic reviews, most reviews
similarly found that light-to-moderate consumption was protective against a diagnosis of
dementia, as well as death from dementia, when compared with abstinence . Experimental
evidence in animal models is consistent with this observational research, confirming the
neurotoxicity of heavy alcohol use and the protective effects of alcohol at low doses 2426,

It has been suggested that the increased risk of dementia associated with abstinence

may be the result of including former drinkers who have ceased drinking due to other

health conditions or the onset of cognitive problems 1. Consistent with this hypothesis,
previous studies have indicated that the increased risk of dementia associated with
abstinence is not robust to careful control for confounding factors, particularly physical

and mental health factors associated with dementia risk 27. In the current study, however, the
increased dementia risk associated with abstaining was evident after controlling for relevant
demographic and clinical characteristics. In the analyses focused on categorical alcohol use,
there was also no consistent difference in dementia risk for those designated as either former
drinkers or lifetime abstainers. In the dose-response analysis, there was a higher dementia
risk for abstainers after the exclusion of former drinkers.

While rates of abstinence varied considerably across the cohorts included in this study,

the rates were high overall, and there may have been more power to identify statistically
significant effects in this group when compared with current drinkers. The particularly high
rates of lifetime abstaining across cohorts in the current study suggests that these data may
be subject to recall and/or social desirability biases. The misidentification of former drinkers
as lifetime abstainers may therefore explain some of the increased dementia risk in the
abstainer group. Overall, however, there was consistent evidence from the current study to
suggest that abstaining from alcohol is related to an increased dementia risk when compared
to light-moderate alcohol consumption.

Mechanisms underpinning the protective effect of light to moderate alcohol use are
contested, but include indirect effects through reduced cardiometabolic disease 22 and the
possible modulation of amyloid beta deposition and glymphatic function 24 28, While light
to moderate alcohol use may reduce dementia risk, even low levels of alcohol use have
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been associated with reduced brain volume, grey matter atrophy and increased white matter
hyperintensities ® 2% 30, indicating that alcohol use is unlikely to be directly neuroprotective.
In addition, light-to-moderate alcohol use has been associated with other health conditions,

including some cancers 3, cautioning against recommending the commencement of alcohol
use in those who abstain.

4.3 Current drinking and dementia risk

In the combined sample, dose-response analyses focused only on current drinkers found

no evidence of differences in terms of dementia risk across the spectrum of consumption
that could be investigated in the current study. It should be noted that the current study

does not provide evidence on heavier drinking and alcohol use disorder, which are relatively
rare in population-based observational studies of older adults. There is evidence from other
sources, such as hospital-based studies, which indicate that heavy alcohol use and alcohol
use disorders are strongly and causally associated with dementia (particularly young onset
dementia) 7, as well as neurocognitive diseases where alcohol use is a contributing or
necessary factor (i.e., alcohol-related dementia and Wernicke-Korsakoff syndrome) 8.

4.5 Conclusion

The current study found consistent evidence to suggest that abstinence from alcohol in

later life is associated with increased dementia risk internationally. Such findings need to
be balanced against neuroimaging evidence suggesting that even low levels of alcohol use
are associated with poorer brain health, as well as dose-response relationships between
alcohol use and other health outcomes, including some cancers. For these reasons, advising
those who currently abstain to initiate drinking is not recommended. Meanwhile, among
current drinkers, alcohol use did not appear to be a consistent risk factor for dementia,
although this relationship varied across continents and could not be examined among heavier
drinkers. There is wide variability in alcohol guidelines across countries internationally, and
findings from the current study support a more national-level approach to the development
of alcohol guidelines where local context can be taken into account. While other studies
have demonstrated that heavy alcohol use and alcohol use disorders are strongly associated
with neurocognitive disease and are key targets for preventions, the current study questions
whether reducing less than heavy alcohol use in older adults aged over 60 years is

an effective prevention strategy for dementia from a population-level, or public health,
perspective.
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Table 3.

Combined sample hazard ratios

1duosnuey Joyiny

1duosnuen Joyiny

Main model® Fully adjusted modelb Competing risk model®
Combined sample | n=24,478 n=20,878 n=20,645
Abstainer Ref ref ref
<1.3g/day 0.78 (0.68, 0.89) | 0.82(0.71, 0.96) 0.73 (0.54, 0.97)

1.3-24.9g/day

0.78 (0.70, 0.87)

0.85 (0.76, 0.96)

0.78 (0.64, 0.95)

25-44.9g/day | 0.62 (0.51,0.75) | 0.74 (0.60, 0.90) 0.65 (0.45, 0.93)

>45g/day 0.81(0.61, 1.08) | 0.78 (0.57, 1.05) 0.79 (0.58, 1.06)
Male sample n=10,218 n=8,873 n=8,452

Abstainer ref ref ref

<1.3g/day 0.69 (0.53,0.91) | 0.71(0.53, 0.95) 0.62 (0.46, 0.82)

1.3-24.9g/day

0.74 (0.62, 0.88)

0.84 (0.69, 1.02)

0.70 (0.55, 0.89)

25-44.9g/day

0.59 (0.46, 0.77)

0.70 (0.54, 0.92)

0.61 (0.4, 0.84)

>45g/day 0.82 (0.60, 1.13) | 0.80 (0.57, 1.13) 0.78 (0.58, 1.04)
Female sample n=14,260 n=12,005 n=12,193

Abstainer ref ref ref

<1.3g/day 0.80 (0.68, 0.94) | 0.88 (0.73, 1.05) 0.76 (0.53, 1.09)

1.3-24.9g/day

0.82 (0.71, 0.94)

0.88 (0.76, 1.02)

0.82 (0.67, 1.01)

25-44.9g/day

0.63 (0.46, 0.88)

0.76 (0.55, 1.06)

0.66 (0.40, 1.10)

>45g/day

0.37(0.12, 1.11)

0.36 (0.12, 1.10)

0.40 (0.12, 1.35)

1duosnuey Joyiny

1duosnuep Joyiny

aModeI included all 15 cohorts and adjusted for age, sex, smoking status and random effect of study

Model included 11 cohorts and adjusted for age, sex, smoking status, education, BMI, depression, stroke, diabetes, myocardial infarction,
hypertension, high cholesterol and random effect for study

cModeI included 13 cohorts, adjusted for age, sex, smoking status and study as a cluster variable, and accounted for competing risk of death
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