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Type 2 diabetes is a common disease in
industrialized countries. It is a major
cause of cardiovascular disease and

all-cause mortality (1), and the pre v a l e n c e
has risen continually over the few past
decades (2,3). In 1998, the treatment of
diabetes consumed 25% of all spending
under the Medicare program in the U.S.
(4). Prevention of diabetes is an import a n t
public health issue (5).

Although a positive association be-
tween drinking alcohol and type 2 diabetes
has been re p o rted in two small studies in
which all men were screened for plasma
glucose (6,7), an inverse association be-

tween alcohol intake and type 2 diabetes
a p p e a red in two relatively large studies with
s e l f - re p o rted diabetes as the outcome mea-
s u re (8,9). Two diff e rent reasons may ex-
plain these opposing results. On the one
hand, studies using self-re p o rted diabetes
as the outcome may be misleading because
type 2 diabetes is undiagnosed in 33% of
p revalent cases (10) and 80% of incident
cases (11,12). If patients with specific char-
acteristics are more likely to be examined
for glucose level than patients without such
characteristics, it may create a bias re g a rd-
ing the association between self-re p o rt e d
diabetes and such characteristics (13). On

the other hand, positive findings between
alcohol intake and diabetes in men might
be due to chance in studies with diabetes
diagnosed by plasma glucose criteria, be-
cause of the small number of incident cases
(20 and 31, respectively) in these two re-
p o rts (6,7).

To address these issues, we examined
the association between alcohol intake and
incidence of type 2 diabetes in a large co-
h o rt of men with alcohol intake and fast-
ing plasma glucose measurements at base-
line and at the end of follow-up.

RESEARCH DESIGN AND 
M E T H O D S

Study subjects
Subjects for this study were 8,633 men
30–79 years of age at baseline (mean 43.5
years) who completed at least two med-
ical evaluations at the Cooper Clinic in
Dallas, Texas, between 1970 and 1995.
Details of the study design and popula-
tion characteristics of the cohort are avail-
able in earlier re p o rts (12,14,15). Briefly,
this is a population-based pro s p e c t i v e
s t u d y. Of the patients, 97% are white
and most have white-collar or pro f e s-
sional occupations. We excluded men
with an abnormal resting or exercise elec-
t ro c a rdiogram or a history of diabetes,
h e a rt attack, stroke, or cancer at baseline
because cardiovascular disease and sev-
eral other conditions could influence al-
cohol intake. We also excluded those with

1 year of follow-up.
The baseline evaluation was perf o rm e d

after participants gave their informed writ-
ten consent for the initial medical examina-
tion and follow-up. Examinations followed
an overnight fast of at least 12 h and in-
cluded personal and family health histories,
a questionnaire on demographic character-
istics and health habits, a physical examina-
tion, anthro p ro m e t ry, electro c a rd i o g r a m ,
blood chemistry analyses, blood pre s s u re
m e a s u rements, and a maximal exercise test
on a motor-driven treadmill. Te c h n i c i a n s
who followed a standard manual of opera-
tions administered all pro c e d u res. The
study has been reviewed and approved an-
nually by the Cooper Institute Institutional
Review Board .
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Alcohol Intake and Incidence of Type 2
Diabetes in Men

O R I G I N A L  A R T I C L E

O B J E C T I V E — To evaluate the relation between alcohol intake and incidence of type 2
diabetes.

RESEARCH DESIGN AND METHODS — This prospective study included 8,663
men with fasting plasma glucose measurements from at least two medical examinations. Al-
cohol intake was classified into five groups: nondrinkers and four quartiles (Qs) of drinkers
a c c o rding to the amount of alcohol intake. Type 2 diabetes was diagnosed by 1997 American
Diabetes Association criteria.

R E S U LT S — T h e re were 149 incident cases of type 2 diabetes during 52,588 person-years of
follow-up. There was a U-shaped association between alcohol intake and diabetes, with the
lowest incidence of diabetes at Q2 (61.9–122.7 g/week). As compared with Q2, men in Q3 and
Q4 had a 2.2- (95% CI 1.2–3.9, P = 0.01) and 2.4-fold (1.4–4.4, P 0.01) risk of developing
diabetes, while nondrinkers and men in Q1 had 1.8- (1.0–3.3, P 0.05) and 1.4-fold (0.7–2.6,
P = 0.34) higher risk of diabetes, re s p e c t i v e l y. These associations persisted after adjustment for
age, fasting plasma glucose, smoking, BMI, blood pre s s u re, serum triglyceride concentration,
c a rd i o re s p i r a t o ry fitness, HDL cholesterol, waist circ u m f e rence, and parental diabetes.

C O N C L U S I O N S — We observed an elevated risk of developing type 2 diabetes in non-
drinkers and men with high alcohol intakes, when compared with men who re p o rted moder-
ate alcohol intake. Men with a high alcohol intake may be able to reduce their risk of devel-
oping type 2 diabetes if they drink less. 
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We defined type 2 diabetes accord i n g
to fasting plasma glucose criteria of the
American Diabetes Association (16): fast-
ing plasma glucose 126 mg/dl (7.0
mmol/l). Subjects who did not meet this
criterion but who gave a history of dia-
betes and re p o rted current therapy with
insulin also were considered to have dia-
betes. Patients with diabetes at baseline by
any of these criteria were excluded fro m
the present study. We also used these same
criteria to determine diabetes incidence at
the follow-up examination. No oral glu-
cose tolerance test (OGTT) was available
in the study.

The question to obtain information on
c u rrent alcohol intake was: “How many 
12-ounce drinks of beer, 3-ounce drinks of
wine (5-ounce drinks of wine in the more
recent data), and/or 1.5-ounce drinks of
h a rd liquor do you consume per week?”
The alcohol content was estimated as 1.1 g
for 1 ounce of beer, 2.7 g for 1 ounce of
wine, and 15.1 g for 1 ounce of liquor.
Some investigators re p o rt a good associa-
tion between data on alcohol intake fro m
general questionnaires and from dietary
re c o rds (9). In our data, self-re p o rted alco-
hol intake at the first examination was
significantly associated with intake at the
last examination (r = 0.56, P 0.0001) even
after an average 6-year interv a l .

S e rum samples were analyzed by au-
tomated techniques in a laboratory that
p a rticipates in the Centers for Disease
C o n t rol and Prevention Lipid Standard i z a-

tion Program. Serum total cholesterol and
s e rum triglyceride concentrations were
m e a s u red using a Technicon Autoanalyzer
( Technicon, Ta rrytown, NY). Serum HDL
c h o l e s t e rol concentration was measure d
using an RA 1000 analyzer (Te c h n i c o n )
after VLDL and LDL cholesterol were pre-
cipitated with sodium phosphotungstate
in the presence of magnesium chloride.
Blood pre s s u re was measured by ausculta-
t o ry methods with a merc u ry sphygmo-
m a n o m e t e r. Height and weight were mea-
s u red on a standard physician’s scale and
s t a d i o m e t e r, and BMI was calculated as
weight (in kilograms) divided by height
(in meters) squared. Waist circ u m f e re n c e
was measured at the umbilicus level to the
n e a rest 0.5 cm on a subset (n = 5,759) of
the study gro u p .

Data were analyzed using SAS statisti-
cal programs (17). We calculated incidence
rates of diabetes by dividing the number of
incident cases occurring during the study
period by the number of person-years of
o b s e rvation over the same period. The
study period was defined as the interval be-
tween the baseline and last follow-up ex-
aminations. Logistic re g ression models
w e re used to estimate the association be-
tween incidence of diabetes and pre d i c t o r
variables (18). All P values provided are for
two-sided tests. P values 0.05 were con-
s i d e red statistically significant. Since this is
a prospective study and only a small num-
ber of nondiabetic men became diabetic,
the odds ratios should be similar to the re l-

ative risks. There f o re, population attribut-
able risk was calculated as p (RR 1 ) /
(p [RR 1] 1) where p = the pro p o rt i o n
of persons having a given risk factor and RR
= relative risk odds ratio (19).

RESULTS — The average alcohol in-
take at baseline was 175.3 g/week with the
median 90.3 g/week. Men who drank al-
cohol were assigned to quartiles of intake
based on grams per week. Although tests
for diff e rences in baseline characteristics
a c ross drinking groups were significant
except for waist circ u m f e rence, only sys-
tolic blood pre s s u re, HDL cholesterol, and
c u rrent cigarette smoking showed a linear
t rend related to alcohol intake (Table 1).

During an average 6 years (±4.8 SD) of
follow-up, 149 subjects developed type 2
diabetes. We first examined the alcohol–di-
abetes association by a continuous variable
of alcohol dose with the outcome of type 2
diabetes. Each 100 g/week of alcohol in-
take ( 8 drinks) was associated with a
10% higher incidence of type 2 diabetes
(95% CI 2–24%, P = 0.02), even after ad-
justment for history of parental diabetes,
age, BMI, fitness level, blood pressure,
HDL cholesterol, serum triglyceride con-
centration, and smoking status. We next
examined incidence of diabetes by cate-
gories of alcohol intake. The categories
were nondrinkers and four quartiles of
baseline alcohol intake (Q1: 1–61.8 g,
[ 0.1–5 drinks], Q2: 61.9–122.7g [5–10
drinks], Q3: 122.8–276.6 g [10–22 drinks],

Table 1—Baseline characteristics of 8,633 men according to alcohol consumption level

Alcohol intake (g/week)

C h a r a c t e r i s t i c s N o n d r i n k e r s Q1 (1–6 1 . 8 ) Q2 (61.9– 1 2 2 . 7 ) Q3 (122.8– 2 7 6 . 6 ) Q4 ( 2 7 6 . 6 )

Subjects (n) 1 , 8 4 7 1 , 6 9 6 1 , 6 9 8 1 , 6 9 0 1 , 7 0 2
Alcohol (g/ w e e k ) 0 33.7 ± 16.0 91.9 ± 16.4 185.9 ± 43.2 584.6 ± 425.8
Age (years) 45 ± 9 43 ± 8 43 ± 8 43 ± 8 44 ± 8
Treadmill time (min) 18 ± 5 19 ± 5 19 ± 5 19 ± 5 18 ± 5
Glucose level (mmol/l) 5.4 ± 0.5 5.4 ± 0.5 5.4 ± 0.5 5.5 ± 0.5 5.6 ± 0.5
BMI (kg/ m2) 26 ± 4 26 ± 3 26 ± 3 26 ± 3 27 ± 3
Waist circ u m f e rence (cm) 91 ± 19 90 ± 16 90 ± 16 90 ± 17.4 91.0 ± 19.4
Total cholesterol (mmol/l) 5.4 ± 1.0 5.4 ± 1.4 5.4 ± 0.9 5.5 ± 1.0 5.7 ± 1.0
HDL cholesterol (mmol/l) 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.3 1.3 ± 0.3 1.3 ± 0.3
Triglyceride (mmol/l) 1.5 ± 1.1 1.4 ± 1.0 1.4 ± 1.1 1.5 ± 1.1 1.6 ± 1.1
Blood pre s s u re (mmHg)

D i a s t o l i c 80 ± 10 79 ± 9 80 ± 9 81 ± 17 91 ± 19
S y s t o l i c 119 ± 13 119 ± 13 120 ± 13 121 ± 13 122 ± 13

C u rrent smoking (%) 8 . 3 1 4 1 8 1 9 2 8
P a rental diabetes (%) 2 8 2 6 2 9 2 5 2 3

Data are n, means ± SD, or %. For waist circ u m f e rence, n = 5,759. For HDL cholesterol, n = 6,535. All tests for homogeneity of variance across drinking groups were
significant except for waist circ u m f e re n c e .
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and Q4: 276.6 g [ 22 drinks]). T h e re
w e re 174 f o rmer drinkers. Incidence rates
of type 2 diabetes were similar between
f o rmer drinkers and never-drinkers (3.0
vs. 3.2 per 1,000 person-years), and we
t h e re f o re classified both as nondrinkers
for our analyses.

Table 2 shows the person-years of fol-
low-up, number of incident cases of dia-
betes, incidence per 1,000 person-years,
and the odds of developing type 2 diabetes
a c c o rding to levels of alcohol consump-
tion. There was a U-shaped association be-
tween alcohol intake and diabetes, with
the lowest incidence of diabetes at Q2.
After adjustment for age, follow-up years,
and a history of parental diabetes, com-
p a red with Q2, those in Q3 and Q4 had a
2.2- and 2.4-fold risk of developing type 2
diabetes, and nondrinkers had a 1.8-fold
risk of developing diabetes. Diabetes rates
for men in Q1 and Q2 were not signifi-
cantly statistically diff e re n t .

We next evaluated the possible eff e c t s
of several other potentially confounding
variables on the alcohol and diabetes re l a-
tionship. Baseline card i o re s p i r a t o ry fitness
level, high blood pre s s u re, HDL choles-
t e rol, serum triglyceride concentration,
c u rrent smoking status, fasting plasma
glucose, and waist circ u m f e rence were en-
t e red into the model one by one. However,
these adjustments had little effect on the
association between baseline alcohol in-
take and diabetes incidence. When rates
w e re adjusted simultaneously for all po-
tential confounding variables, the associa-
tion between alcohol intake and diabetes
showed little change: compared with Q2,
those in Q3 and Q4 had a 2.2-fold (95%
CI 1.2–3.9) and a 2.3-fold (95% CI
1.3–4.3) risk of developing type 2 dia-
betes, and nondrinkers had a 1.8-fold
(1.0–3.3) risk of developing diabetes.

We calculated population attributable
risks of alcohol intake for type 2 diabetes
by multivariable-adjusted odds ratios. We

combined the light (Q1) and moderate
(Q2) alcohol intake categories to form a
reference group, and designated non-
drinkers, Q3, and Q4 as high-risk gro u p s .
As compared with Q1 and Q2, non-
drinkers had a 1.5-fold higher risk (95%
CI 1.0–2.5) of developing diabetes, and a
change from nondrinking to light-to-mod-
erate drinking might have reduced inci-
dent diabetes in the population by 10%
(95% CI 0–24%). Those in Q3 and Q4 had
a 1.8-fold higher risk of developing dia-
betes (95% CI 1.2–2.8). Reducing alcohol
intake in the high alcohol intake group to
light-to-moderate alcohol intake might
have reduced the incidence of diabetes by
24% (95% CI 7–41%) in this population.

We also used the World Health Or-
ganization criterion of fasting plasma glu-
cose 140 mg/dl (7.8 mmol/l) to define
the diabetes cases. There were 95 incident
cases by this definition, and the U- s h a p e d
association between alcohol intake and di-
abetes also was present. As compared with
Q1 and Q2, nondrinkers had a 2.3-fold
higher risk (95% CI 1.3–4.0), and men in
Q3 and Q4 had a 2.0-fold (1.2–3.3)
higher risk of developing diabetes.

C O N C L U S I O N S — We found that a
high alcohol intake was associated with an
a p p roximately twofold increase in risk of
type 2 diabetes when compared with mod-
erate intake. This observation differs fro m
findings in studies with self-re p o rted dia-
betes as the outcome (8,9), but was consis-
tent with findings from two previous small
p rospective studies with plasma glucose
measurement (6,7). Another 5-year
p rospective study found no linear associa-
tion between alcohol and diabetes in a
small group of 285 men with 15 incident
cases. This study probably had insuff i c i e n t
statistical power to detect an association
(20). Clearly, the large size and objective
outcomes used in the present study are
s t rengths in contrast to smaller studies or

those using self-re p o rted diabetes. In the
Paris Prospective Study, where plasma glu-
cose also was measured, persons with dia-
betes had a higher risk of death by cirrh o-
sis, which was highly associated with
alcohol consumption (21).

We also found that nondrinkers had a
higher incidence of type 2 diabetes than
men consuming a moderate amount of al-
cohol. Perhaps because of the small sample
size, the two previous studies with plasma
glucose measurements did not re p o rt this
association (6,7). Actually, the association
between alcohol intake and diabetes ap-
pears U-shaped, but did not achieve statis-
tical significance when nondrinkers were
c o m p a red with moderate drinkers in one
of the previous studies (7). Another study
used the continuous variable of alcohol in-
take only (6).

It is possible that men abstaining fro m
alcohol were ill or recovering alcoholics
(8), and this could affect our results. We
cannot evaluate this hypothesis fully with
our data; however, the risk of type 2 dia-
betes was similar between ex-drinkers and
n e ve r-drinkers in our study.

The finding that high alcohol intake is
associated with high risk of type 2 diabetes
and mild-to-moderate alcohol intake is as-
sociated with lower risk is biologically plau-
sible. It has been re p o rted previously that
l a rge amounts of alcohol decrease insulin-
mediated glucose uptake and that alco-
holics have decreased glucose tolerance
(22). This finding may be due to the toxic
e ffect of alcohol acting directly on pancre-
atic islet cells, or to inhibition of insulin se-
cretion and increase in insulin re s i s t a n c e
(22–24). Ethanol 2,3-butanediol and 1,2-
p ro p a n e d i o l , the metabolites of ethanol, a re
potent inhibitors of basal and insulin-stim-
ulated adipocyte metabolism in vitro (25).
This effect may be relevant to the pathogen-
esis of a high incidence of type 2 diabetes in
heavy drinkers. On the other hand, light-
to-moderate alcohol intake may be associ-

Table 2—Incidence of type 2 diabetes by alcohol intake level

Alcohol intake (g/week)

C h a r a c t e r i s t i c s N o n d r i n k e r s Q1 (1–6 1 . 8 ) Q2 (61.9–122.7) Q3 (122.8–276.6) Q4 ( 2 7 6 . 6 )

Person-years of follow-up 1 1 , 3 2 7 9 , 6 2 4 1 0 , 3 3 0 1 0 , 3 5 5 1 0 , 9 5 1
Incidence of diabetes 3 6 2 1 1 6 3 5 4 1
Incidence/1,000 person-years 3 . 2 2 . 2 1 . 5 3 . 4 3 . 7
Odds ratio (95% CI) 1.8 (1.0–3.3) 1.4 (0.7–2.6) 1.0 (—) 2.2 (1.2–3.9) 2.4 (1.4–4.4)
P value for the odds ratio 0 . 0 4 6 0 . 3 4 — 0 . 0 1 1 0 . 0 0 3

Q2 is the re f e rence group. Odds ratios are adjusted for age, parental diabetes, and years of follow-up.
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ated with enhanced insulin sensitivity (26).
Moderate alcohol intake may improve the
glucose response to ingested carbohydrate.
An inverse U-shaped relation between alco-
hol intake and insulin sensitivity was ob-
s e rved in the Insulin Resistance and Ather-
o s c l e rosis Study (27).

A limitation of our study is that we do
not have data from an OGTT. However, it
is well known that nearly all persons with
fasting plasma glucose 140 mg/dl (7.8
mmol/l) have 2-h glucose concentrations

200 mg/dl (11.1 mmol/l) (1,16,28).
When we used fasting plasma 1 4 0
mg/dl as the cutpoint for diabetes, the as-
sociation between alcohol intake and dia-
betes was similar to the analyses where we
used the American Diabetes Association
cutpoint of 126 mg/dl (7.0 mmol/l).
T h e re f o re, our results are not attributable
to identifying patients with 126–139
mg/dl as diabetic.

As with previous studies on alcohol
and diabetes (6–9), we estimated alcohol
intake from a questionnaire of self-re-
p o rted drinking habits. Although this ap-
p roach may lead to misclassification be-
cause of inaccurate recall or reluctance to
re p o rt the true amount of alcohol con-
sumed, we are unaware of any validated
methods of assessing alcohol intake in
population-based studies that do not re l y
on self-re p o rt. It would be virtually impos-
sible to obtain objective data on alcohol
intake in a free-living population. Al-
though alcohol intake was self-re p o rted, it
was indirectly validated in our cohort by a
significant positive correlation with HDL
c h o l e s t e rol, diastolic blood pre s s u re, and
systolic blood pre s s u re. We also found
moderate re p roducibility of self-re p o rt e d
alcohol intake in our men, even over an
average 6-year interval between examina-
tions. In addition, average doses of alcohol
intake in subjects in the present study
w e re similar to the general population
(29). Data on alcohol intake in this study
w e re collected before the development of
type 2 diabetes, precluding the possibility
of recall bias (30). Our study population is
well educated and comes to the Cooper
Clinic for medical examinations and
health advice. Results from this population
for conventional risk factors of card i o v a s-
cular disease and diabetes are consistent
with those from other populations
(12,31–36). Our study participants are all
men, 97% are white, and most have
p rofessional occupations. The homogene-
ity of socioeconomic status in our cohort

may be considered an advantage because
this limits potential confounding on this
variable. But whether our results also
apply to women, other socioeconomic
g roups, or members of minority groups re-
mains to be determined. Additional obser-
vational human studies and animal data
a re needed to confirm these findings.

In conclusion, our data suggest that a
p ro p o rtion of type 2 diabetes might be at-
tributable to alcohol consumption habits.
Of our subjects, 40% were in the Q3 and
Q4 alcohol intake ( 10 drinks/week)
g roups, and these men had a 1.8-fold
higher risk for developing diabetes. We
calculated that 24% of the incident cases
of diabetes in this population might be at-
tributable to high alcohol intake. Those
men might have been able to reduce their
risk of developing type 2 diabetes if they
drank less.
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