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ARTICLE HIGHLIGHTS

» Previous reviews have yielded mixed results on the association between alcohol consumption and type 2
diabetes.

¢ We found no statistically significant dose-response relationship for men, while women exhibited a nonlinear dose-
response relationship, with a significant risk reduction below a daily average consumption of 50 g of pure alcohol,
compared with lifetime abstention.

« Sex- and BMI-specific analysis showed that the protective association was specific to women with BMI =25 kg/m?.

« Our findings underscore the importance of considering both sex and BMI when investigating the relationship be-
tween alcohol use and the risk of type 2 diabetes.
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BACKGROUND

Moderate alcohol use may be associated with lower risk of type 2 diabetes mellitus
(T2DM). Previous reviews have reached mixed conclusions.

PURPOSE

To quantify the dose-response relationship between alcohol consumption and T2DM,
accounting for differential effects by sex and BMI.

DATA SOURCES
Medline, Embase, Web of Science, and one secondary data source.

STUDY SELECTION
Cohort studies on the relationship between alcohol use and T2DM.

DATA EXTRACTION

Fifty-five studies, and one secondary data source, were included with a combined
sample size of 1,363,355 men and 1,290,628 women, with 89,983 and 57,974 individ-
uals, respectively, diagnosed with T2DM.

DATA SYNTHESIS

Multivariate dose-response meta-analytic random-effect models were used. For
women, a J-shaped relationship was found with a maximum risk reduction of 31%
(relative risk [RR] 0.69, 95% Cl 0.64—0.74) at an intake of 16 g of pure alcohol per day
compared with lifetime abstainers. The protective association ceased above 49 g per
day (RR 0.82, 95% Cl 0.68-0.99). For men, no statistically significant relationship was
identified. When results were stratified by BMI, the protective association was only
found in overweight and obese women.

LIMITATIONS

Our analysis relied on aggregate data. We included some articles that determined ex-
posure and cases via self-report, and the studies did not account for temporal varia-
tions in alcohol use.

CONCLUSIONS

The observed reduced risk seems to be specific to women in general and women
with a BMI =25 kg/m?”. Our findings allow for a more precise prediction of the sex-
specific relationship between T2DM and alcohol use, as our results differ from those
of previous studies.
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More than 500 million adults live with di-
abetes worldwide (1). Type 2 diabetes
mellitus (T2DM) accounts for over 90%
of all diabetes cases worldwide and is a
growing public health concern. It ranked
fourth among the noncommunicable dis-
eases in 2019 for disability-adjusted life
years and seventh for mortality (2), rep-
resenting a 45% increase in deaths since
2000. lIts incidence has escalated glob-
ally, increasing from 203 per 100,000 in-
dividuals in 2000 to 260 per 100,000
individuals in 2019 (2), with no declines
forecast (3).

T2DM is influenced by multiple individ-
ual risk factors, and the increase in its rates
has mostly been attributed to changes in
the living environment and lifestyle across
populations, such as unhealthy diets (e.g.,
increased intake of refined carbohydrates)
and decreased physical activity levels (4).
Alcohol consumption has also been associ-
ated with T2DM development. The most
recent reviews on this topic have identified
a nonlinear relationship between alcohol
use and the risk of T2DM (5-7). However,
they reached different conclusions. Baliu-
nas et al. (5), in 2009, identified a J-shaped
dose-response relationship, indicating that
with low to moderate consumption there
is a protective association of alcohol use on
incident T2DM, whereas at higher levels of
consumption there is an increased risk of
T2DM. In line with Baliunas et al. (5), a re-
view published in 2016 identified a reduced
risk of T2DM with alcohol consumption of
less than 20 g per day in women and less
than 40 g per day in men (6). In contrast,
Knott et al. (7) reported that the reduction
in risk at low drinking levels seemed to be
specific to women.

The association between alcohol use
and T2DM may be influenced by poten-
tial effect modifiers that must be ana-
lyzed to better understand this complex
relationship. One such modifier is BMI, a
significant individual risk factor for devel-
oping T2DM (8). Studies have found no
relationship or a positive relationship be-
tween alcohol use and BMI in men (9,10)
but an inverse relationship in women
(11,12), which may partially explain sex
differences in the association between
alcohol use and T2DM (13). BMI may
modify the relationship by exacerbating
the effects of excessive alcohol intake on
insulin resistance among those with a
higher BMI (10), and they may experi-
ence amplified proinflammatory effects
of alcohol, thereby increasing the risk of

T2DM (14). Socioeconomic status (SES)
might also play an important role. One
meta-analysis found that the lowest-SES
groups, as measured by education, occu-
pation, and income, had an increased
risk of T2DM compared with the highest-
SES groups (15). The relationship with
T2DM is not yet fully understood. Indi-
viduals with lower SES may face chal-
lenges in accessing healthy foods, which,
when combined with excessive alcohol
intake, may overproportionally increase
the risk of T2DM. SES can influence psy-
chosocial factors that interact with alco-
hol consumption and may impact the
risk of T2DM.

Our study aimed to update sex-specific
dose-response curves on the risk relation-
ship between alcohol consumption and
T2DM and to examine how BMI and SES
may influence this association.

RESEARCH DESIGN AND METHODS

Systematic Review

A systematic search was conducted in Med-
line, Embase, and Web of Science from
their inception to 6 July 2022. The Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses criteria (Supplementary
Table 1) was used as a guideline (16). The
search was conducted using a combination
of keywords and MeSH (Medical Subject
Headings) terms (Supplementary Table 2).
In addition, the reference list of relevant ar-
ticles was manually reviewed. No language
restrictions were imposed. The references
were independently screened by two au-
thors (L.L-F., CK., and/or T.C.) by following
a two-step approach of 1) title/abstract
screenings and 2) full-text screenings.
Agreement between the reviewers was
quantified using the Cohen k coefficient.
For the title/abstract screening, the agree-
ment was substantial (x = 0.77) and al-
most perfect (x = 0.81). For the full-text
screening, the agreement was almost per-
fect (x = 0.83) and substantial (k = 0.63).
Conflicts were resolved via team discus-
sion. The study protocol was registered
with PROSPERO (CRD42022340247).

The following inclusion criteria were
used: case-control or cohort studies that
reported on the relationship between
alcohol consumption and the risk of
T2DM,; studies that reported the quan-
tity of alcohol use as the exposure vari-
able with at least two categories
compared with a third reference cate-
gory (e.g., lifetime abstainers or current
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abstainers), as it has been previously re-
ported that the association between alco-
hol consumption and T2DM is nonlinear;
the outcome was risk of T2DM (diagnosis
defined by the American Diabetes Associ-
ation guidelines [17] or ICD-10 code E11,
ICD-8, and ICD-9 code 250), including inci-
dent and/or mortality cases; the method
of assessing T2DM was either by an ob-
jective assessment (e.g., laboratory find-
ings or medical records) or self-report;
and studies that reported odds ratios, rel-
ative risks (RR), or hazard ratios (HR) and
their 95% Cl or information allowing us to
compute them. Studies were excluded if
they were not published as full reports, if
they did not have enough data to com-
pute quantitative results, if alcohol con-
sumption could not be converted into
grams per day, or if the outcome was
type 1, autoimmune, or gestational dia-
betes, insulin resistance, prediabetes, or
specific complications (e.g., diabetic reti-
nopathy or neuropathy).

Data Extraction

The following data were extracted by one
author (L.L-F.), with the verification of
half of the studies by three authors (C.K.,
T.C., or J.R.), using a standardized spread-
sheet: title, first author, year of publica-
tion, country, study design, name of the
cohort, follow-up years, sample size, sex,
age, SES, BMI, alcohol consumption cate-
gories and measures, period of alcohol
consumption, risk estimates, adjustments
made, and outcome ascertainment. Half
of the studies were randomly reviewed to
determine the error rate (<1% error rate
acceptable for continuing without revising
the remaining). Conflicts were resolved
via team discussions.

If the information on alcohol consump-
tion was not reported in grams of pure al-
cohol per day, we converted it to this
metric using the size of a standard drink
in the study’s country of origin (18), un-
less the study provided a specific conver-
sion factor. If alcohol consumption was
given in ranges, the midpoint was taken.
If the highest category did not have an
upper bound, we calculated the midpoint
of that category by adding 75% of the
width of the previous category’s range to
the lower bound of that category. In addi-
tion, in studies where crucial information
was not available, authors were contacted
via e-mail to obtain the data needed for
our analysis.
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Quality Assessment

The Newcastle-Ottawa Scale (NOS) was
used to assess quality in the selected
studies (for details and scoring system,
see Supplementary File 3) (19). Studies
were independently assessed by two
authors. In cases of disagreement, the
quality assessment was reevaluated. The
evidence was rated based on the Grading
of Recommendations Assessment, Devel-
opment, and Evaluation approach.

Secondary Data Source

One secondary data analysis using nation-
ally representative data from the U.S. was
conducted for inclusion in this review.
Cross-sectional data from the National
Health Interview Survey (NHIS), covering
the annual survey years from 1997 to 2018
and linked to the mortality data from the
U.S. National Death Index (follow-up until
2019), was used. Adult participants aged
=25 years were included in the analyses.
Missing values in covariates were excluded,
which accounted for <5% of the total sam-
ple. The final sample size was 562,042
(246,004 men and 316,038 women), which
included 2,503 T2DM deaths (1,115 men
and 1,388 women). Sex- and BMl-specific
analyses were conducted using Cox pro-
portional hazard models to calculate the
point estimates for the risk of T2DM mor-
tality at various levels of alcohol use. The
models were adjusted for sex, education
(high school degree or less, some college
education but no degree, and college de-
gree or more), race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, and
others), marital status, and survey year. Ad-
ditionally, we accounted for the complex
survey design through survey weights, stra-
tum, and primary sampling unit.

Statistical Analysis

First, to guarantee comparability across
studies, we ensured that all studies quanti-
fied the RR related to different levels of al-
cohol use based on the same reference.
We encountered three different scenarios:
1) lifetime abstainers, 2) current abstainers,
and 3) other, such as the category of lowest
amount of alcohol consumed. Including
participants who used to consume alcohol
but no longer do may introduce the “sick
quitter bias,” as they may have ceased
drinking due to health concerns that may
be associated with higher risks for T2DM
compared with lifetime abstainers (20). We
separated lifetime abstainers from former
drinkers using a subset of studies, and we

used this information to adjust the RR of
the studies that originally had a different ref-
erence category than lifetime abstainers (for
our reasoning, see Supplementary File 4).
Multivariate dose-response meta-analytic
models using a restricted maximum likeli-
hood random-effect estimator were used
(21). The intercept was modeled to go
through zero on the logarithmic scale. Three
sets of shapes of the dose-response rela-
tionship (linear, quadratic, and restrictive cu-
bic splines) were tested using all studies and
were stratified by sex (22). The model that
best fits the data was selected based on the
Akaike information criterion and Bayesian
information criterion. Additionally, dose-
response relationships stratified by sex and
BMI were fitted. We categorized BMI into
healthy weight range (i.e., =18 kg/m? and
<25 kg/mz), overweight range (i.e,, =25
kg/m? and <30 kg/m?), and obesity range
(i.e., =30 kg/m?). The underweight range
was not considered. There were two studies
conducted in Japan that defined overweight
as BMI =22 kg/m? and <25 kg/m?> and
obesity as BMI =25 kg/m’ (see
Supplementary Table 5). Some research-
ers have recommended that different

8,788 potentially eligible studies
identified through database search
OVID — Medline and Embase
(n=4,351)

Web of Science (n=4,437)
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definitions of overweight and obesity
should be used in different world re-
gions, because studies on Japanese sub-
jects suggest that they have a higher
percentage of body fat at lower BMI lev-
els than Americans or Europeans (23).
Accordingly, we incorporated these studies
in the overweight or obesity categories
stated by the authors in their original pub-
lications. To investigate sources of hetero-
geneity and to study potential interaction
effects with the dose of alcohol consump-
tion, we included age as a continuous vari-
able, and sex, NOS score and country of
residency (U.S. vs. others and Asian coun-
tries vs. others) as categorical variables in
meta-regression models. Meta-regression
enables us to evaluate multiple variables
simultaneously, and our models were
used to inform the influence of the afore-
mentioned variables on the risk relationship.

We conducted four sensitivity analy-
ses to assess the robustness of our find-
ings. First, we restricted the analysis to
studies that used objective measures to as-
sess the outcome (i.e., laboratory findings,
medical records, or registries). Second, since
both the American Diabetes Association in

61 potentially eligible studies
identified through manual
search

A4

| 8,849 screened |

8,718 excluded:
2,435 duplicates

A4

A 4

6,283 did not fit
inclusion criteria

131 full-text studies assessed
for eligibility

76 studies excluded. Reasons:
Wrong study design (n =10)
Wrong study sample (n = 2)

A 4

v

No alcohol risk data reported (n=29)
Relevant data not available (n = 20)
Outcome does not fit inclusion criteria (n=4)
Duplicate cohort already included (n=11)

55 studies included in systematic
review and meta-analysis

| Figure 1—Flowchart for study selection.
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1997 (24) and the World Health Organiza-
tion in 1998 (25) changed their criteria to di-
agnose T2DM, we performed a sensitivity
analysis using only studies that diagnosed
cases based on the new diagnostic criteria
(fasting plasma glucose level =7.0 mmol/L
instead of =7.8 mmol/L). In our third sensi-
tivity analysis, we used a one-stage dose-
response meta-analysis as an alternative
modeling approach and compared it with
the results obtained with the methods de-
scribed above (26). This approach was used
as a sensitivity analysis only because it has
the limitation that the number of partici-
pants and cases per alcohol consumption
category is needed to conduct the analyses,
and some studies did not provide these
data. To investigate the impact of including
T2DM mortality as the sole outcome or
combining it with incidence, we excluded
studies that explicitly indicated the inclusion
of mortality cases, along with our secondary
data source, in our fourth sensitivity analysis.

All statistical analyses were conducted
using meta (27) and metafor (21) pack-
ages for the main analysis and dosres-
meta (26) for the third sensitivity analysis,
in R software, version 4.2.1.

Data Availability

The original contribution presented in
the study are included in the article and
supplementary material. Further inqui-
ries can be directed to the correspond-
ing author.

RESULTS

A total of 55 articles fulfilled our inclu-
sion criteria (Fig. 1). The characteristics
of all studies included in our analysis, in-
cluding the secondary data source, are
summarized in Supplementary Table 5.
There were collectively 1,363,355 men
and 1,290,628 women and a total of
89,983 and 57,974 diagnoses of T2DM
for men and women, respectively. All se-
lected studies were cohort studies. The
majority of studies were conducted in
the U.S. (27%), followed by Japan (20%),
South Korea (7%), and Australia, China,
and Finland (all three with 5%). A total of
15 studies (27%) were rated as being
high-quality studies based on NOS crite-
ria, 30 studies (55%) were rated as being
of moderate quality, and 10 (18%) were
rated as being of low quality. A total of
eight studies and our secondary data
source provided risk estimates stratified
by sex and BMI, and only one study (28)

provided risk estimates stratified by oc-
cupation as an SES indicator.

A total of 13 studies provided risk es-
timates for both sexes combined, while
40 studies provided risk estimates for men
and 29 studies provided risk estimates for
women. For men, we did not find an indi-
cation of a dose-response relationship
between alcohol use and T2DM (Fig. 2A;
for model selection, see Supplementary
File 6). While the linear model fit the data

Men

A

1.5 1
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best, there was no increase or reduction
of the risk at any level of alcohol consump-
tion compared with lifetime abstainers.
For women, the restrictive cubic spline
showed the best fit, describing a J-shaped
dose-response relationship (Fig. 2B and
Supplementary File 6). We identified a
minimum reduction of 31% in the risk of
T2DM (RR 0.69, 95% Cl 0.64-0.74) at 16 g
of pure alcohol per day compared with
lifetime abstainers. Above 49 g per day (RR

Relative risk

0.5

T T |
40

| | |
60 80 100

Alcohol intake, grams/day

Women

Relative risk

40

60

Alcohol intake, grams/day

Figure 2—Dose-response meta-analysis between alcohol intake in average grams per day and
risk of type 2 diabetes for men (A) and women (B).
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0.82, 95% Cl 0.68-0.99), the protective as-
sociation ceased. Table 1 presents some
examples of RR for men and women. The
results for both sexes combined can be
found in Supplementary File 7. For this
analysis, a J-shaped dose-response rela-
tionship was identified.

When we stratified by sex and BMI, in
men we found no significant risk relationship
in any of the three BMI categories (Fig. 3).
There was no significant risk relationship for
women with a healthy weight; however, we
identified a J-shaped relationship present in
women with BMI =25 kg/m? (Fig. 3). We
identified a peak reduction of 48% in the
risk of T2DM (RR 0.52; 95% Cl 0.40-0.67) at
21 g per day compared with lifetime ab-
stainers in women with overweight and a
peak reduction of 38% (RR 0.62; 95% Cl
0.53-0.74) at 18 g per day compared with
lifetime abstainers in women who had
obesity. The protective association of al-
cohol use on the risk of T2DM in women
with overweight and obesity stopped be-
ing significantly different from one at33 g
per day (RR 0.65; 95% Cl 0.40-1.05) and
28 g per day (RR 0.73; 95% Cl 0.53-1.01),
respectively. Only one study reported the
risk estimates by SES (28), so there were
insufficient data to consider this potential
modifier in our analysis. Nonetheless, their
results suggest that the protective effect
of moderate alcohol consumption was
confined to individuals with low occupa-
tional positions after adjusting for psycho-
social factors (i.e., low job control, defined
by freedom to decide their work and pos-
sibility of development).

Statistically significant differences be-
tween men and women were identified
(for model results, see Supplementary
Table 8). There was a statistically signifi-
cant interaction in studies based in the
U.S. compared with studies based in other
countries, with a more protective associa-
tion identified. A statistically significant

interaction in studies based in Asian coun-
tries, with a higher risk, was also identified.
Age was found to have a significant inverse
association, with a higher mean age in the
sample presenting a lower risk. Low-quality
studies presented a higher risk than moder-
ate- and high-quality studies. These results
were also observed in sex-stratified models.

In our first sensitivity analysis, when we
restricted the analysis to studies that diag-
nosed T2DM with an objective measure-
ment, a total of 19 and 11 studies, in
addition to our secondary analysis, reported
risk estimates for men and women, respec-
tively (Supplementary File 9). The shape of
the curve did not vary, with men presenting
no significant increase or decrease in the risk
and women showing a peak reduction of
28% (RR 0.72; 95% Cl 0.62—0.84) in the risk
of T2DM at 16 g of pure alcohol per day
compared with lifetime abstention, based
on a J-shaped dose-response relationship. In
our second sensitivity analysis, we identified
a total of 27 studies for men and 17 studies
for women, in addition to our secondary
analysis, which used the new T2DM diagno-
sis criteria (Supplementary File 10). In men,
there was no significant increase or decrease
in the risk. In women, a J-shaped dose-
response was identified. A significant
peak reduction was found at 16 g per day
(RR 0.71, 95% CI 0.64-0.78). Our results
from the main models were confirmed
using the alternative one-stage dose-
response meta-analysis (Supplementary
File 11). Finally, the direction and shape
of the sex-specific curves were similar to
those for our main results when we ex-
cluded studies that included mortality
cases (Supplementary File 12).

CONCLUSIONS

Our study suggests that low and moderate
alcohol use (below 50 g per day) is associated
with a reduced risk of T2DM for women,
while no statistically significant dose-

Table 1—RR for T2DM by sex for individuals with some level of alcohol use

compared with lifetime abstainers

Grams of pure
alcohol per day

Men RR (95% Cl)

Women RR (95% Cl)

20 1.02 (0.994-1.04) 0.70 (0.65-0.75)
40 1.04 (0.987-1.09) 0.78 (0.70-0.88)
60 1.06 (0.981-1.14) 0.86 (0.63-1.17)
80 1.08 (0.975-1.19) 0.94 (0.56-1.59)
100 1.10 (0.968-1.24) 1.03 (0.48-2.19)
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response relationship was found for
men. Moreover, the protective associ-
ation seems to be specific to women with
BMI =25 kg/m?, suggesting that the poten-
tial protective effect of alcohol on T2DM
risk is dependent on both the level of con-
sumption and the individual’s sex and BMI.
Despite the potential impact of SES as an
effect modifier, we were only able to iden-
tify one study that analyzed this factor.

The results are in line with the previous
meta-analysis published by Knott et al. (7),
which also identified a protective effect of
low and moderate alcohol use for women.
In contrast, Li et al. (6) found a lower risk
of T2DM with low and moderate alcohol
use in both sexes. Compared with these
two most recently published meta-analyses,
our systematic review was able to identify
20 additional studies not included by Knott
et al. (7) and 34 additional studies not in-
cluded by Li et al. (6). Therefore, our study
is the most comprehensive, high-quality
review on the relationship between alco-
hol use and T2DM currently available. We
conducted a comprehensive assessment
of the included studies to ensure concep-
tual homogeneity. All studies were cohort
studies, and our outcome of interest was
consistently defined and measured across
them. A random effect model, a risk-of-
bias assessment, and a series of sensitiv-
ity analyses were performed to address
heterogeneity among the results. By us-
ing lifetime abstention as the reference
group, our analysis accounts for the sick
quitter effect (20), which could overesti-
mate the protective association of moder-
ate drinking and underestimate the risk
for higher levels of alcohol use. Finally, our
study is the first to build dose-response
relationships stratified by BMI. These re-
sults were based on a limited number of
studies reporting sex- and BMI-specific
risk estimates.

The reduced risk for low to moderate al-
cohol consumption identified in women
may be partially attributed to the increased
insulin sensitivity associated with alcohol
use (29,30). However, the literature on this
topic is inconsistent, and the underlying
mechanism is not entirely clear. Schrieks
et al. (31) found that moderate alcohol
consumption (less than 40 g per day) de-
creased fasting insulin concentrations and
HbA,. levels (an indicator of blood glucose
levels). The authors also suggested that the
effects of moderate alcohol consumption
on insulin sensitivity are specific to women.
Moderate alcohol consumption has been
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Figure 3—Dose-response meta-analysis between alcohol intake in average grams per day and risk of type 2 diabetes by sex and BMI.

associated with modest increases in HDL
cholesterol levels (14), and studies have
found that it might enhance the lipid pro-
file and raise plasma levels of adiponectin
in postmenopausal women, potentially
contributing to the improvement of gly-
cemic and inflammatory markers (32).

The specific protective association ob-
served in individuals who are in the range
of overweight and obesity seems biologi-
cally plausible, because obesity-induced
insulin resistance might be attenuated by
the enhanced insulin sensitivity produced
by moderate alcohol use, as observed in

animal models (33). Additionally, the pro-
tective association in women found in
our study may also be explained by the
sex differences in the risk relationship
between alcohol consumption and BMI
(12). An inverse association between al-
cohol consumption and BMI in women
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was seen (11,12), but a null or positive as-
sociation in men has been found (9,10).
Two possible explanations have been pro-
posed for such findings (12). First, from
the perspective of energy intake, male
drinkers tended to add alcohol to their di-
etary intake, while female drinkers tended
to substitute alcohol for other energy
sources (particularly carbohydrates) with-
out increasing their total energy intake.
Second, differences in alcohol metabolism
have also been observed in previous stud-
ies, with energy expenditure substantially
increased in women yet only moderately
changed in men after drinking alcohol
(34,35). As a result, alcohol consumption
would lead to an increase of energy bal-
ance in men yet a decrease in energy bal-
ance in women, which may be the reason
for an inverse association between alcohol
consumption and BMI in women only
(12). However, our results showed that al-
cohol was not protective in women with
healthy weight, but it was protective in
women who already had an increased risk
for T2DM because of their weight. Thus,
concluding that alcohol use per se has a
protective association in terms of T2DM
development in women could be mislead-
ing. Instead, supporting the population to
maintain a healthy weight should remain
a priority preventive measure.

This study has several limitations. First,
our analysis relies on aggregate data, which
is based on various statistical models, dis-
tinct historical periods, and heterogeneous
populations from the underlying published
studies. Therefore, our study does not in-
clude individual participant data, and as a
result, the sex- and BMlI-specific analyses
rely on the available studies that provided
such disaggregated information. Second,
we included articles that ascertained their
cases via self-report. Nevertheless, we ob-
served only a minimal variation when we
selected studies that used only objective
measurement to identify T2DM cases. Third,
alcohol consumption was measured based
on self-report, which may be subjective and
may underestimate the true alcohol use,
potentially leading to biases (36). However,
self-reported measures have been shown
to be valid overall (37). Fourth, almost all of
our sampled studies did not account for
temporal variations in alcohol use. Relying
on a single assessment may introduce ex-
posure misclassification and may not fully
capture the dynamic nature of alcohol con-
sumption and its impact on T2DM. Addi-
tionally, our analysis focused on average

daily alcohol consumption, and we were
not able to account for the potential impact
of heavy episodic drinking. To our knowl-
edge, there is not enough epidemiological
research available to incorporate this ques-
tion into our dose-response analyses.

Despite these limitations, our results
allow for a more precise and accurate
prediction of sex-specific risk curves in
the relationship between alcohol use
and T2DM. Our findings underscore the
importance of considering both sex and
BMI when examining the association be-
tween alcohol use and the risk of T2DM.
This review highlights the complexity of
individual risk interactions and empha-
sizes the importance of an approach
based on the structural determinants of
health. The implication that alcohol and
BMI are both involved in the develop-
ment of T2DM should place emphasis on
improving the social conditions that con-
tribute to the related unhealthy behav-
iors, such as heavy alcohol consumption,
poor diet, and lack of physical activity.
While low to moderate alcohol use may
be associated with beneficial outcomes in
specific populations, and our study identi-
fied a reduced T2DM risk in women, our
results should not be interpreted as a call
to encourage alcohol consumption at any
level. The potential benefits of alcohol on
insulin sensitivity must be weighed against
the potential risks. The harm caused by al-
cohol use is proportional to the level of
consumption, and it is crucial to emphasize
that there is no safe level of consumption
(38,39). In light of alcohol’s detrimental ef-
fects, it is even more important to under-
stand why alcohol can lower the risk for
some diseases and whether these protec-
tive effects are specific to certain popula-
tions. We encourage future comparative
risk assessments, such as the Global Bur-
den of Disease Study, to use our risk rela-
tionships, as our updated results differ
from their model assumptions, where a
negative effect for men at high levels of al-
cohol use is currently used (40). Finally, fu-
ture research should focus on investigating
the potential effects and interactions of
SES on this association, given the research
gap identified on this topic and its poten-
tial role as an effect modifier in the com-
plex relationship between alcohol use and
T2DM.
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