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Abstract
Aims/hypothesis The aim of this study was to evaluate the prospective association between baseline and 9 year change in alcohol
consumption and long-term risk of diabetes and whether these associations might be modified by sex and/or BMI.
Methods We conducted a prospective analysis of 12,042 Atherosclerosis Risk in Communities (ARIC) study participants
without prevalent diabetes (55% women, 78% white, mean age 54 years). Alcohol consumption was assessed at visit 1
(1987–1989) and visit 4 (1996–1998). We used Cox models to estimate hazard ratios for diabetes risk by baseline drinking
categories and change in alcohol consumption, stratified by sex and obesity status.
Results During a median follow-up of 21 years, there were 3795 incident cases of diabetes. Among women, consuming
8–14 drinks/week was associated with a significantly lower risk of diabetes (HR 0.75, 95% CI 0.58, 0.96) compared
with current drinkers consuming ≤1 drink/week. Among men, consuming 8–14 drinks/week was associated with a
borderline significant lower risk of diabetes (HR 0.84, 95% CI 0.70, 1.00) and consuming >14 drinks/week was
associated with a significantly lower risk of diabetes (HR 0.81, 95% CI 0.67, 0.97) (pinteraction < 0.01 for sex). For both
sexes, among current drinkers, there was a significant decreasing trend in diabetes risk as the alcohol consumption
increased. The association was modified by BMI (pinteraction = 0.042 for women, pinteraction < 0.001 for men). In women,
the inverse association was only seen among overweight and obese participants. In men, the inverse association was
more pronounced among obese participants. On average, drinking status did not change substantially over the 9 year
period. For men with alcohol intake ≥7 drinks/week at baseline, decreasing alcohol intake was associated with higher
risk of diabetes (HR per daily drink decrease 1.12, 95% CI 1.02, 1.23).
Conclusions/interpretation In this community-based population, there was an inverse association between alcohol consumption
and diabetes risk. The amount of the alcohol consumption associated with lower risk was different in women and men, and the
association was more pronounced among participants with higher BMI.
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Abbreviation
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Introduction

The incidence of diabetes has increased substantially over the
past two decades [1]. Both genetic factors and environmental
factors contribute to the risk of diabetes. As a modifiable be-
haviour, alcohol consumption has been suggested to be rele-
vant to diabetes risk. There is a large body of literature sug-
gesting a protective effect of moderate alcohol consumption
on cardiovascular risk and cardiometabolic risk factors, in-
cluding diabetes [2–4], but the impact of alcohol on cardio-
vascular and overall population health remains controversial
[5, 6]. Intervention studies have suggested that alcohol
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consumption might improve insulin sensitivity among women
[4]. Some prior observational studies have found a protective
association of moderate alcohol consumption on diabetes risk,
but this association has differed by sex and adiposity in some
reports [7–16]. U- or J-shaped associations between alcohol
consumption and risk of future diabetes have been reported [7,
9, 11, 14, 15], with evidence in some cohorts for stronger
inverse associations in women [8, 10, 13]. Associations by
adiposity status have been inconsistent [8, 16]. Furthermore,
few prior studies have examined changes in alcohol consump-
tion and risk of future diabetes in the general population [17].

The objective of the present study was to examine whether
associations of alcohol consumption with diabetes risk might
differ by sex or BMI in a community-based population with
long-term follow-up for incident diabetes. We also undertook
analyses to assess changes in alcohol consumption patterns
over time with risk of diabetes.

Methods

Study population The Atherosclerosis Risk in Communities
(ARIC) study is a large, ongoing cohort of predominately
black and white middle-aged adults from four US communi-
ties. A total of 15,792 participants attended visit 1, which took
place from 1987 to 1989. Subsequent visits took place in

1990–1992 (visit 2), 1993–1995 (visit 3), 1996–1998 (visit
4), and 2011–2013 (visit 5).

For the present study, we excluded the small number of
participants with race other than black or white (n = 48);
blacks from Minneapolis, Minnesota (n = 22); and blacks
fromWashington County, Maryland (n = 33). We additionally
excluded participants with prevalent diabetes (n = 1863), as
well as those who were missing any of the following informa-
tion: diabetes status after visit 1 (n = 78), alcohol consumption
(n = 85), total cholesterol (n = 189), fasting glucose (missing
glucose or missing fasting status, n = 306), education (n = 19),
hypertension (n = 60), BMI (n = 6), waist/hip ratio (n = 6),
smoking status (n = 6), household income (n = 742), coronary
heart disease (n = 252) or physical activity (n = 35). Thus, the
final population analysed in our study included 12,042
participants, of which 6631 were women and 5411 were
men (electronic supplementary material [ESM] Fig. 1).
Written informed consent was obtained from all participants,
and the study protocols were approved by institutional review
boards at all study sites.

Assessment of alcohol intake Information on alcohol con-
sumption and the usual amount of alcohol consumption
among current drinkers was obtained during ARIC visit 1
(1987 to 1989) and visit 4 (1996 to 1998). Participants were
asked ‘Do you presently drink alcoholic beverages?’ and
‘Have you ever consumed alcoholic beverages?’. Never
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drinkers were defined as participants who answered no to
these questions and former drinkers as participants who an-
swered no to the first question and yes to the second.
Participants who answered yes to the first question (current
drinkers) were further categorised into four groups according
to their answers to the following questions: ‘How many
glasses of wine do you usually have per week (4-ounce
glasses)?’, ‘How many bottles or cans of beer do you usually
have per week (12-ounce bottles or cans)?’, and ‘How many
drinks of hard liquor do you usually have per week (1.5-ounce
shots)?’. Therefore, our analysis included six categories: never
drinkers, former drinkers, current drinkers consuming ≤1
drink/week, current drinkers consuming 2–7 drinks/week,
current drinkers consuming 8–14 drinks/week, and current
drinkers consuming >14 drinks/week. We also evaluated
9 year changes (visit 1 to visit 4) in alcohol consumption status
with risk of diabetes (after visit 4), where the amount of alco-
hol consumption for non-drinkers was set to zero.

Assessment of incident diabetes For our analyses of baseline
alcohol consumption with future diabetes risk, incident diabe-
tes was defined as a fasting glucose level ≥6.99 mmol/l or a
non-fasting glucose level ≥11.10 mmol/l (assessed at any of
the four follow-up visits, visits 2–5), current use of diabetes
medication or self-report of a physician diagnosis of diabetes
(assessed at each follow-up visit and during annual telephone
calls to all participants occurring following visit 4), or current
use of diabetes medication assessed at visit 5.

Participants with prevalent diabetes at baseline (based on
elevated glucose, self-reported diagnosis, or medication use)
were excluded. We followed the participants from their first
visit (1987–1989) until they developed diabetes, were lost to
follow-up, or administrative censoring at 31 December 2015,
whichever came first.

Covariates Demographic covariates included age, sex and
race/centre. We adjusted for race/centre as a five-category var-
iable: white participants from Forsyth County, NC; white par-
ticipants from Minneapolis, MN; white participants from
Washington County, MD; black participants from Forsyth
County, NC; and black participants from Jackson, MS.
Smoking status, education, household income and parental his-
tory of diabetes were assessed during the in-person visits using
standard questionnaires. Total energy intake was derived from
a food frequency questionnaire, including total energy intake
from dietary and ethanol consumption, but excluding other
energy from alcoholic beverages. Blood pressure was mea-
sured three times for each participant at baseline and the mean
of the second and the third readings was calculated. Participants
with a mean systolic blood pressure ≥140 mmHg, mean dia-
stolic blood pressure ≥90 mmHg or using antihypertensive
medication were classified as having hypertension.
Participants with any of the following were classified as having

coronary heart disease: myocardial infarction defined based on
a history of myocardial infarction (self-reported or physician-
reported) or using electrocardiography data, self-reported heart
or arterial surgery, coronary bypass or angioplasty of coronary
artery(ies). Physical activity was assessed using the Baecke
questionnaire [18]. BMI (kg/m2) and waist/hip ratio was calcu-
lated from measured weight, height, waist circumference and
hip circumference assessed during the visit.

Statistical analyses We conducted analyses stratified by sex
since the association has been reported to differ in men and
women. We used multivariable Cox proportional hazards
models to estimate the hazard ratios for the associations be-
tween alcohol consumption categories at baseline and risk of
incident diabetes. Current drinkers reporting ≤1 drink/week
served as the reference group in the analyses. Model 1 includ-
ed age, race/centre and total energy intake. Model 2 included
all variables in Model 1 plus education (less than high school,
high school degree or vocational school, at least some college
or professional school), household income (<$25,000 per
year, $25,000–$49,999 per year, ≥$50,000 per year), parental
history of diabetes (yes, no), physical activity (sport index,
score 1 to 5), HDL-cholesterol, total cholesterol, baseline
fasting glucose, coronary heart disease (yes, no); and time-
varying BMI (normal weight, overweight, obese), waist/hip
ratio (continuous), hypertension history (yes, no), and
smoking status (never smokers, former smokers, current
smokers). For the missing data for these four time-varying
covariates, we carried forward the last observation. We also
tested the trend among current drinkers in the two models for
both sexes bymodelling the four categories of current drinkers
as ordinal variables instead of nominal. The risk of diabetes in
participants consuming ≥2 drinks/week was compared with
that in those consuming ≤1 drink/week, among current
drinkers, adjusting for all variables in Model 2.

We assessed BMI as a potential effect modifier on the asso-
ciation between alcohol consumption and risk of diabetes. We
first modelled baseline BMI as a continuous variable and in-
cluded the interaction terms in the regression model to test for
effect modification using the likelihood ratio test. Second, we
conducted analyses stratified by baseline BMI categories: nor-
mal weight, 18.5≤ BMI <25 kg/m2; overweight, 25≤ BMI
<30 kg/m2; or obese, BMI ≥30 kg/m2. Participants who were
underweight (BMI <18.5 kg/m2) were excluded from this anal-
ysis, which constituted 0.9% of the study population (n = 114).

In addition, we assessed the association between the abso-
lute changes in alcohol consumption (from visit 1 to visit 4)
with incident diabetes (after visit 4). We used Cox proportion-
al hazards models with change in alcohol consumption
modelled using a linear spline with a knot at no change (ab-
solute difference of 0 drinks/week). This analysis was strati-
fied by sex and baseline alcohol consumption frequency (<7
drinks/week or ≥7 drinks/week).
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We conducted two sensitivity analyses. First, to address
reverse causation (current drinkers in poorer health may be
likely to stop drinking prior to the baseline examination), we
conducted our analyses after excluding the 1468 participants
with cardiovascular disease or cancer at baseline. Second, we
examined the association of alcohol consumption with inci-
dent cases of diabetes defined based on self-reported diagno-
ses of diabetes or diabetes medication use only (ignoring cases
of diabetes identified only based on glucose measurements).

Two-sided p values <0.05 were considered statistically sig-
nificant. All the analyses were performed using Stata version
14.0 (StataCorp, College Station, TX, USA).

Results

Among the 12,042 participants (6631 women, 5411 men) in-
cluded in the present study, 3795 participants developed dia-
betes (2059 women, 1736 men) during a median follow-up of
21 years (maximum follow-up of 27 years). In the study pop-
ulation at baseline, compared with participants who consumed
≤1 drink/week, participants who consumedmore alcohol were
more likely to be men rather than women, had higher daily
energy intake, higher HDL-cholesterol and higher glucose and
were more likely to be current smokers (all p values for trend
<0.001) (Table 1). Education level and household income
were associated with alcohol consumption in a U-shaped pat-
tern. Higher alcohol consumption was associated with higher
levels of education and household income, with the exception
of the group with the highest alcohol consumption (>14
drinks/week), which had education and income levels more
similar to the lightest drinking groups (excluding the heaviest
drinking group, p values for trend were 0.007 and <0.001 for
education and income, respectively). Patterns of baseline char-
acteristics by drinking status were generally similar in men
and women, except that in men, excluding the heaviest drink-
ing group, there were no significant differences in education
or income (p values for trend were 0.338 and 0.937, respec-
tively) (ESM Tables 1 and 2).

Among women, in Model 1, drinking 2–14 drinks/week was
associated with a lower risk of diabetes compared with the refer-
ence group (≤1 drink/week); in Model 2, drinking 8–14 drinks/
week was associated with a lower risk of diabetes as compared
with the reference group (≤1 drink/week) (HR 0.75, 95% CI
0.58, 0.96) (Table 2). Among men, there were no significant
associations of alcohol consumption categories with diabetes risk
in the minimally adjusted model (Model 1: age, race/centre and
total energy intake). However, in Model 2, consuming 8–14
drinks/week was associated with a borderline significant lower
risk of diabetes (HR 0.84, 95% CI 0.70, 1.00) and consuming
>14 drinks/weekwas associatedwith a significantly lower risk of
diabetes (HR 0.81, 95% CI 0.67, 0.97). In Model 2, the p value
for interaction was <0.01 between sex and drinking status. For

both sexes, among current drinkers, there was a significant de-
creasing trend in diabetes risk with increasing alcohol consump-
tion in Model 2 (Table 2). Furthermore, collapsing the alcohol
consumption categories among drinkers, compared with current
drinkers consuming ≤1 drink/week, current drinkers consuming
>1 drink/week had a decreased risk (HR 0.86, 95%CI 0.75, 0.99
for women; and HR 0.87, 95% CI 0.76, 1.00 for men).

For both men and women, we found evidence for effect mod-
ification of the association of alcohol consumption and diabetes
risk according to BMI (pinteraction = 0.042 for women, pinteraction <
0.001 for men). In women, drinking 8–14 drinks/week was as-
sociated with a decreased risk of diabetes among overweight
participants (HR 0.59, 95%CI 0.36, 0.95) (Fig. 1). Amongwom-
en with obesity, drinking 2–14 drinks/week was also associated
with lower risk for diabetes (HR 0.77, 95%CI 0.60, 1.00 for 2–7
drinks/week; and HR 0.60, 95% CI 0.37, 0.98 for 8–14 drinks/
week). In men, an inverse association was found only among
obese participants who drink >14 drinks/week (HR 0.62, 95%CI
0.43, 0.89).

Over the 9 year period from visit 1 to visit 4 (Fig. 2),
changes in alcohol consumption status were observed. For
women, 12.4% of participants changed from current to former
drinkers, and 2.9% of participants changed from never to cur-
rent drinkers. For men, 12.6% of participants changed from
current to former drinkers, and 1.1% of participants changed
from never to current drinkers. Drinking volume did not
change substantially; the mean change in daily alcohol intake
was −0.16 drinks (−0.07 drinks in women and −0.24 drinks in
men). There were 1978 incident diabetes cases (1104 in wom-
en and 874 in men) which occurred during the median of
14 years of follow-up after visit 4. For men with an alcohol
intake ≥7 drinks/week at baseline, a decrease in alcohol intake
was associated with a higher risk of diabetes (HR 1.12, 95%
CI 1.02, 1.23 per 1 less drink/day) (Table 3). When we exam-
ined the risk of diabetes by changes in alcohol consumption
status, compared with those who reported never drinking at
both visits, no significant hazard ratios of incident diabetes
were found (ESM Table 3).

The association between baseline drinking categories
and diabetes risk were similar but somewhat weaker
after excluding participants with prevalent cancer or car-
diovascular disease at baseline (ESM Table 4) or when
the diabetes outcome was defined using self-reported
diagnosis or medication use (ESM Table 5). The some-
what weaker associations may be due to the decreased
sample size and/or misclassification.

Discussion

In this community-based population, we observed a lower risk
of diabetes in women who drank 8–14 drinks/week and men
who drank ≥8 drinks/week compared with their counterparts
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who drank ≤1 drink per week. There was evidence for effect
modification of this association by BMI, with significant in-
verse associations only observed among participants who
were overweight or obese. For most participants, the amount
of alcohol consumed did not change substantially from visit 1
to visit 4. A decrease in alcohol consumption among men
consuming higher alcohol at baseline was associated with a
higher diabetes risk.

Evidence for how alcohol consumption is related to diabe-
tes risk may be helpful to inform the current evidence on the
long-term cardiometabolic effects of alcohol. The 2015–2020

Dietary Guidelines for Americans recommend that, if alcohol
is consumed, it should be moderate (≤1 drink/day for women;
≤2 drinks/day for men); the guidelines do not recommend
starting drinking for any reason for people who do not drink
[19]. Our results suggest that any protective effect of alcohol
consumption on diabetes risk is modest, may differ in men
compared with women, and may differ by obesity status.

The results of our study are similar but not fully con-
sistent with prior studies. A much earlier study on alcohol
consumption and diabetes risk as part of the ARIC study
found no association between moderate alcohol consumption

Table 1 Baseline characteristics of participants without diabetes by alcohol consumption groups, the ARIC study, 1987–1989

Never drinkers
(n = 2802)

Former drinkers
(n = 2116)

≤1 drink/week
(n = 2899)

2–7 drinks/week
(n = 2508)

8–14 drinks/week
(n = 986)

>14 drinks/week
(n = 731)

Alcoholic drinks per week,
P25–P75

– – 0–0 2–6 9–12 17–28

Age (years) 54.4 (5.7) 54.5 (5.7) 53.6 (5.8) 53.6 (5.7) 53.8 (5.7) 54.0 (5.7)

Women (%) 76.0 46.8 64.6 47.7 33.4 15.5

Race/centre (%)

White, Forsyth Co. 27.6 21.0 26.7 20.7 22.1 22.3

White, Minneapolis 4.7 18.7 37.8 42.1 40.6 34.3

White, Washington Co. 26.7 32.2 26.8 21.6 24.7 25.7

Black, Forsyth Co. 2.5 4.7 2.5 2.2 1.5 3.3

Black, Jackson 38.5 23.3 6.1 13.4 11.1 14.4

Black (%) 41.0 27.9 8.6 15.6 12.6 17.6

Total energy intake (kJ/day) 6582 (2856) 7078 (3218) 6638 (2687) 6810 (2738) 7079 (2649) 8071 (3233)

Blood glucose level (mmol/l) 5.4 (0.5) 5.5 (0.5) 5.4 (0.5) 5.5 (0.5) 5.6 (0.5) 5.6 (0.6)

HDL (mmol/l) 3.0 (0.9) 2.7 (0.8) 2.9 (0.9) 3.0 (1.0) 3.1 (1.1) 3.0 (1.0)

Total cholesterol (mmol/l) 5.6 (1.1) 5.5 (1.1) 5.5 (1.1) 5.5 (1.0) 5.6 (1.0) 5.6 (1.1)

Parental history of diabetes (%) 25.4 23.3 21.3 21.1 20.3 20.8

Hypertension (%) 37.4 34.3 24.9 26.2 28.9 35.4

Coronary heart disease (%) 2.2 6.9 3.4 3.6 5.0 5.1

BMI (kg/m2) 28.2 (5.7) 27.8 (5.6) 26.9 (4.8) 26.5 (4.3) 26.2 (4.2) 26.7 (4.4)

Sport index 2.3 (0.7) 2.4 (0.8) 2.5 (0.8) 2.6 (0.8) 2.7 (0.8) 2.5 (0.8)

Smoking status (%)

Never 69.9 28.9 44.8 32.2 22.0 12.2

Former 15.5 41.6 31.4 39.8 43.5 41.7

Current 14.6 29.5 23.9 28.0 34.5 46.1

Waist/hip ratio 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 1.0 (0.1)

Family income (%)

<$25,000 50.3 47.7 25.1 22.7 21.5 29.4

$25,000–$49,999 36.0 36.1 42.7 40.2 36.3 39.0

≥$50,000 13.7 16.3 32.3 37.0 42.2 31.6

Education level (%)

Less than high school 28.8 34.3 13.0 12.6 15.1 17.6

High school degree or
vocational school

42.3 39.0 45.6 41.5 37.5 40.6

At least some college or
professional school

28.9 26.7 41.4 45.9 47.4 41.7

Estimates are mean (SD) unless otherwise indicated

P25/P75, 25th and 75th percentile, respectively
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and diabetes risk, while high consumption was associated
with elevated diabetes risk, but only in men [12]. This prior
study, however, had a relatively short follow-up period
(maximum 6 years) and many fewer events compared with
our analysis. The present study had a much longer follow-
up period (maximum of 27 years) and more than three times
as many incident diabetes cases, giving us greater power to
detect moderate associations and to compare associations
across participant subgroups. A systematic review of 20
cohort studies found U-shaped associations of alcohol with
diabetes risk in both sexes, with a similar dose associated
with the lowest risk at 24 g/day (around 1.71 drinks/day or

12 drinks/week; risk ratio 0.60, 95% CI 0.52, 0.69) in
women and 22 g/day (around 1.57 drinks/day or 11
drinks/week; risk ratio 0.87, 95% CI 0.76, 1.00) in men,
respectively [7]. On the other hand, another systematic
review of 38 cohort studies showed no reduction in diabetes
risk in men, and found an inverse association among
women with a summary hazard ratio of 0.66, for consump-
tion of 31–37 g/day (2.2–2.6 drinks/day) [13]. We found the
lowest risk of diabetes at 1.1–2.0 drinks per day (8–14
drinks/week) in women and more than 1.1 drinks per day
(8 drinks/week) in men. The differences in the alcohol
consumption amount associated with the lowest risk among

Table 2 HRs of incident diabetes according to baseline alcohol consumption groups and sex

Alcohol consumption Women Men

Model 1a Model 2b Model 1a Model 2b

Former drinker 1.10 (0.96, 1.26) 0.96 (0.84, 1.11) 1.07 (0.92, 1.24) 0.95 (0.82, 1.11)

Never drinker 1.03 (0.91, 1.16) 0.98 (0.86, 1.11) 0.93 (0.78, 1.11) 0.96 (0.81, 1.15)

≤1 drink/week 1 (reference) 1 (reference) 1 (reference) 1 (reference)

2–7 drinks/week 0.82 (0.71, 0.95)* 0.88 (0.77, 1.02) 0.94 (0.81, 1.08) 0.93 (0.81, 1.08)

8–14 drinks/week 0.71 (0.56, 0.91)* 0.75 (0.58, 0.96)* 0.89 (0.75, 1.07) 0.84 (0.70, 1.00)*

>14 drinks/week 0.86 (0.58, 1.27) 0.91 (0.61, 1.34) 0.92 (0.77, 1.11) 0.81 (0.67, 0.97)*

p for trend for current drinkers 0.001 0.032 0.261 0.007

Values are presented as HRs (95% CI)
aModel 1: adjusted for age, race/centre and total energy intake
bModel 2: adjusted for all variables in Model 1 plus parental history of diabetes, education, household income, HDL-cholesterol, total cholesterol,
baseline fasting glucose, coronary heart disease, physical activity; and time-varying BMI, smoking status (never, former, current), waist/hip ratio, and
hypertension

*p < 0.05 vs reference

Fig. 1 Adjusted HRs of incident
diabetes by alcohol consumption
group and BMI category, with
numbers of participants in each
category. HRs adjusted for age,
race/centre, total energy intake,
parental history of diabetes,
education, household income,
HDL-cholesterol, total
cholesterol, baseline fasting
glucose, coronary heart disease,
physical activity; and time-
varying BMI, smoking status
(never, former, current), waist/hip
ratio and hypertension
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the studies may be due to variability between study popu-
lations with respect to age, race, geography, duration of
follow-up, and/or adjustment variables.

It is not entirely clear why BMI may be an effect modifier
of the association between alcohol intake and incident diabe-
tes. A possible explanation for this effect modification by
adiposity is that obesity-induced insulin resistance is sup-
pressed through moderate drinking [20]. Prior studies exam-
ining this question have had inconsistent findings. Our results

showed decreased risk in obese and overweight women and
obese men. More research is needed to further understand the
mechanisms and interplay between adiposity and alcohol and
their health effects.

Prior studies have speculated on the cardiometabolic ef-
fects of moderate alcohol consumption [2–4] and have dem-
onstrated a protective effect of alcohol consumption on car-
diovascular risk and cardiometabolic risk factors. There is
evidence that moderate alcohol intake can increase HDL-
cholesterol [3], which has been postulated to partially explain
the inverse association of moderate alcohol consumption with
cardiovascular disease [21]. It is possible that any beneficial
effects on lipids may also contribute to a decreased risk of
diabetes. Some investigators have suggested that the lower
risk of diabetes associated with moderate alcohol consump-
tion may be explained by improvements in insulin sensitivity
[22, 23]. In a meta-analysis of 14 intervention studies, mod-
erate alcohol consumption was found to be associated with
lower fasting insulin concentrations and lower HbA1c [4]. In
this meta-analysis, the alcohol dosages ranged from 10 g/day
to 75 g/day, and the intervention periods varied from 2 to
12 weeks [4]. Socioeconomic status is a potent risk factor
for diabetes [24] and is a complex contributor to health status.
Although we adjusted for major diabetes risk factors (includ-
ing education, family income, CVD history, BMI and physical
activity), it remains possible that the inverse associations of
alcohol with cardiovascular outcomes and diabetes are the
result of residual confounding [25, 26].

A unique aspect of our study is that we were able to inves-
tigate changes in alcohol consumption over a 9 year time
window. Evidence for the association between changes in al-
cohol consumption and diabetes risk is limited. A prospective
cohort study of men from the Health Professionals Follow-Up
Study found that increases in alcohol consumption over time
were associated with a lower risk of diabetes among initially
light drinkers (0–4.9 g/day) [17]. Our results showed an in-
creased diabetes risk among men with higher baseline con-
sumption (≥7 drinks/week) who decreased their drinking. In
most participants, alcohol consumption remained stable over
the 9 year period: 76% of women participants and 79% ofmen
participants had the same alcohol consumption status (never,
former or current drinkers) at baseline and at the 9 year follow-
up visit. Our understanding of what causes lifestyle modifica-
tions such as changes in alcohol consumption in the general,
middle-aged population is limited. Additional work to under-
stand why and how adults make lifestyle changes in midlife
will help inform future studies in this area.

Potential limitations of our study include the possibility of
recall and/or reporting bias regarding self-reported alcohol
consumption that may have resulted in misclassification of
the exposure. Despite our large sample size, after stratification
by sex and alcohol consumption categories, we had limited
power to detect moderate associations in population

Fig. 2 Histograms of changes in number of alcoholic drinks consumed
daily from visit 1 to visit 4 among women and men
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subgroups, including those defined by BMI categories. High
alcohol consumption was low in this population and thus, we
had limited ability to examine associations in this group, es-
pecially among women (only 1.7% women were in the >14
drinks/week group). Because of the small numbers of individ-
uals who changed drinking categories, the analysis of the
9 year changes were likely to be underpowered. Further, we
did not assess the association between binge drinking and
diabetes risk as binge drinking was only assessed at a later
visit in the ARIC Study (visit 3, 1993–1995) and the preva-
lence of binge drinking was extremely low.

The strengths of the study include the community-based
population and the long period of follow-up. We were also
able to assess the effect modification by BMI of this associa-
tion between alcohol consumption and diabetes risk. The wide
range of rigorously measured covariates collected at baseline
and later on allowed for careful adjustment of potential con-
founders (including time-varying covariates) and the evalua-
tion of different adjustment models.

In conclusion, in this large, community-based cohort of
black and white adults, 8–14 drinks per week for women
and more than 8 drinks per week for men were associated with
decreased risk of diabetes, and the associations were stronger
among people with increased BMI.
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