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OBJECTIVE — This study aimed to investigate the relation between alcohol consumption
and type 2 diabetes among older women.

RESEARCH DESIGN AND METHODS — Between 1993 and 1997, 16,330 women
aged 49-70 years and free from diabetes were enrolled in one of the Dutch Prospect-EPIC
(European Prospective Study Into Cancer and Nutrition) cohorts and followed for 6.2 years
(range 0.1-10.1). At enrollment, women filled in questionnaires and blood samples were col-
lected.

RESULTS — During follow-up, 760 cases of type 2 diabetes were documented. A linear
inverse association (P = 0.007) between alcohol consumption and type 2 diabetes risk was
observed, adjusting for potential confounders. Compared with abstainers, the hazard ratio for
type 2 diabetes was 0.86 (95% CI 0.66-1.12) for women consuming 5-30 g alcohol per week,
0.66 (0.48-0.91) for 30-70 g per week, 0.91 (0.67-1.24) for 70-140 g per week, 0.64 (0.44—
0.93) for 140-210 g per week, and 0.69 (0.47-1.02) for >210 galcohol per week. Beverage type
did not influence this association. Lifetime alcohol consumption was associated with type 2

diabetes in a U-shaped fashion.

CONCLUSIONS — Our findings support the evidence of a decreased risk of type 2 diabetes
with moderate alcohol consumption and expand this to a population of older women.

ype 2 diabetes is a major disease

burden in developed and develop-

ing countries and its prevalence is
expected to double in the next 20 years
(1). Alcohol consumption is associated
with type 2 diabetes in a U-shaped fash-
ion, indicating a decreased risk of type 2
diabetes with moderate alcohol con-
sumption compared with both abstaining
and excessive drinking (2). This relation
has mostly been investigated among male
populations (2). Three studies included
both men and women and two included
younger women up to 55 years of age
(3,4). Only one study of Lee et al. (5) de-
scribing the association between dietary
iron and type 2 diabetes reported on the
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association of alcohol consumption with
type 2 diabetes among postmenopausal
women.

Data on this relation among older
women are therefore particularly scarce.
Meanwhile, the prevalence of type 2
diabetes is increasing with age and the
majority of type 2 diabetic patients are
women (1,6). The cumulative influence
of lifetime alcohol consumption also re-
mains unexamined. Therefore, we ex-
amined the relation between both cur-
rent and lifetime alcohol consumption
and risk of type 2 diabetes in a large
population-based prospective cohort
study consisting of women aged >50
years.
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RESEARCH DESIGN AND
METHODS — A follow-up study was
performed among 17,357 women aged
49-70 who participated in the breast can-
cer screening Prospect-EPIC (European
Prospective Study Into Cancer and Nutri-
tion) cohort between 1993 and 1999, one
of two Dutch contributions to EPIC. The
design, sampling strategies, and examina-
tion techniques of the cohort have been
described previously (7). All women
signed informed consent before study in-
clusion. The study complies with the Dec-
laration of Helsinki and was approved by
the Institutional Review Board of the Uni-
versity Medical Center Utrecht. Of the to-
tal cohort of 17,357 women, we excluded
119 women with missing data on alcohol
consumption, 367 with missing data on
occurrence of type 2 diabetes, and 17
with missing data on BMI. Furthermore,
524 women reported diabetes at baseline
and were therefore excluded, leaving
16,330 women for the present study.
From the original cohort of 17,357
women, a 10% random sample was
drawn and the same exclusion criteria
were applied, leaving 1,385 women. Se-
rum HDL cholesterol was assessed in this
random sample.

Baseline measurements

At baseline, questionnaires were mailed
to women who agreed to participate, and
these were returned when the women vis-
ited for breast cancer screening (7). A gen-
eral questionnaire included questions on
demographic characteristics and presence
of and risk factors for chronic diseases.
Diabetes was defined as present based on
a physician-diagnosed self-report. Waist
and hip circumferences, height, and
weight were measured, and BMI was cal-
culated. Systolic and diastolic blood pres-
sure were measured twice at the right arm
with an automated and calibrated blood
pressure device with the subject in supine
position, and the mean was calculated.
Hypertension and hypercholesterolemia
were defined as present based on a physi-
cian-diagnosed self-report. Women were
assumed to be postmenopausal when
they reported not having menstrual peri-
ods for at least a year. Physical activity was
assessed using a questionnaire validated
in an elderly population (8). Daily energy
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Alcohol consumption and type 2 diabetes

intake was obtained from a food fre-
quency questionnaire (FFQ) containing
questions on the usual frequency of con-
sumption of 77 main food items during
the year preceding enrollment. This ques-
tionnaire allows the estimation of the av-
erage daily consumption of 178 foods.
The FFQ had been validated before the
start of the study (9,10). At baseline all
women donated a nonfasting blood sam-
ple. Serum HDL cholesterol was deter-
mined for the random sample using an
automated enzymatic procedure on a
Vitros 250 (Johnson & Johnson, Roches-
ter, NY).

Assessment of alcohol consumption
Alcohol consumption was assessed by the
general questionnaire and FFQ. The va-
lidity of this alcohol intake assessment is
good as confirmed by a Spearman corre-
lation of 0.87 between the FFQ and 12- to
24-h recalls (9). The general question-
naire contained four questions regarding
previous alcohol consumption. Subjects
were asked whether they had ever used
alcohol. If so, they were asked how many
units of beer, wine, port/sherry/vermouth,
and spirits they drank at ages 20 and 40
(none, less than 1 unit a week, or to indi-
cate the number of units a week). The
FFQ contained one question regarding
the number of units of alcohol-free beer,
beer, white wine, red wine, port/sherry/
vermouth, and spirits consumed during
the year before enrollment. Subjects indi-
cated their consumption frequency on a
daily/weekly/monthly/yearly scale or as
never consumed. Baseline alcohol intake
was determined by multiplying the con-
sumption of each beverage by its ethanol
content (10 g for beer and fortified wine,
9.6 g for wine, and 9.8 g for liquor) (11)
and was categorized into seven categories:
teetotalers, 0—4.9 g/week, 5-29.9 g/week,
30-69.9 g/week, 70-139.9 g/week,
140-209.9 g/week, and =210 g/week.
To assess the influence of alcohol
consumption earlier in life, we calculated
lifetime alcohol consumption based on
reported alcohol consumption at age 20
and 40 and calculated the number of
years drinking one standard alcoholic
beverage of 10 g alcohol daily (alcohol-
years). We determined the number of
standard alcoholic beverages containing
10 g of alcohol consumed daily at age 20
and 40. The amount consumed at age 20
was assumed to remain unchanged until
age 30 and the amount consumed at age
40 from 30 until inclusion in the study.
Alcohol-years were calculated by multi-

plying the number of alcoholic beverages
of 10 g daily with the number of years this
amount of alcohol was consumed: from
20-30 years and from 30 to inclusion.
Alcohol-years from 20-30 years and 30
to inclusion were added up and catego-
rized into seven groups: O (teetotalers),
0.1-4.9, 5-9.9, 10-19.9, 20-29.9, 30—
49.9, and =50 alcohol-years of drinking
one standard alcoholic beverage of 10 g
alcohol daily. The validity of such retro-
spective assessment of components of the
diet (including alcohol) has been recently
investigated in a similar population and is
shown to provide a reasonable record
(12).

Assessment of type 2 diabetes

Two follow-up questionnaires regarding
occurrence of disease were sent to the par-
ticipants in 3- to 5-year intervals. The oc-
currence of type 2 diabetes was assessed
by self-reported occurrence of diabetes in
the follow-up questionnaires and/or a uri-
nary glucose strip test for detection of glu-
cosuria and/or a Dutch register of hospital
discharge diagnoses. Type 2 diabetes was
defined as present when either of these
methods reported a positive response.
Follow-up questionnaires contained
seven questions addressing the occur-
rence of diabetes. Subjects were asked
whether diabetes was diagnosed and if so
in what year, by whom, and whether they
were treated by a diet, oral blood glucose—
lowering drugs, and/or insulin. With the
first follow-up questionnaire, subjects re-
ceived a urinary glucose strip test and
were asked whether the urine strip had
turned purple after 10 s, indicating glu-
cosuria. Response rate of self-reported oc-
currence of type 2 diabetes was 80% from
the first follow-up questionnaire, 91% at
the second follow-up questionnaire, and
73% for returning the outcome of the uri-
nary glucose strip test. Data on diagnosis
of type 2 diabetes were obtained from the
Dutch Centre for Health Care Informa-
tion, which holds a standardized comput-
erized register of hospital discharge
diagnoses. Admission files have been filed
continuously from all general and univer-
sity hospitals in the Netherlands from
1990. Data on sex, date of birth, and dates
of admission and discharge have been re-
corded whenever a patient is discharged
from the hospital. One mandatory princi-
pal diagnosis and up to nine optional ad-
ditional diagnoses were reported. All
diagnoses were coded according to the
ICD-9-CM. Follow-up was complete un-
til 1 January 2002. The database was

linked to the cohort on the basis of birth
date, sex, postal code, and general practi-
tioner with a validated probabilistic
method (13). Information on vital status
was obtained through linkage with the
municipal administration registries.

Statistical analysis

Data analysis was performed using SPSS
for Windows version 12.0 (SPSS, Chi-
cago, IL). The association between alco-
hol consumption and HDL cholesterol
was determined using regression analysis.
The duration of follow-up was calculated
as the interval between date of study entry
and the diagnosis of type 2 diabetes,
death, loss to follow-up, or 1 January
2002. Hazard ratios (HRs) for each base-
line alcohol intake category were calcu-
lated using Cox proportional hazards
with teetotalers as a reference group. Age-
and BMI-adjusted HRs and 95% Cls were
estimated. We used a multivariate model
to adjust for other confounding factors:
smoking status (non-, former, current
smokers), physical activity level (five cat-
egories), menopausal status (pre-, post-
menopausal, and unknown), education
(seven categories), systolic blood pressure
(six categories), hypertension (present or
not), hypercholesterolemia (present or
not), family history of diabetes (none, one
parent, or both), daily energy intake (four
categories), waist circumference (six cat-
egories), and hip circumference (five cat-
egories). Linear trend across alcohol
consumption categories were computed
by including alcohol intake categories in
the model as linear covariate. The square
of this term was used to assess the qua-
dratic trend across alcohol consumption
categories. The influence of alcohol con-
sumption earlier in life independent from
current alcohol consumption was as-
sessed by estimating HRs based on cate-
gories of alcohol-years using the same
models as for baseline alcohol consump-
tion. We adjusted for baseline alcohol
consumption by including it as a contin-
uous variable in the model, because the
categorical variables of baseline alcohol
consumption and alcohol-years were cor-
related (r = 0.73; P < 0.001).

We assessed the risk associated with
individual beverage types controlling for
the covariates included in the multivariate
model and intake of each of the other bev-
erage types. Teetotalers were excluded
from this analysis. Wine consumption
was separated into four categories, as it
was consumed in larger quantities than
the other beverages. Fortified wine and
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Table 1—Baseline characteristics* by alcohol consumption categories in 16,330 Dutch women

Beulens and Associates

Alcohol consumption (g/week)

Teetotaler 0-4.9 5-29.9 30-69.9 70-139.9 140-209.9 =210

Participants (n) 1,513 3,115 3,787 2,586 2,384 1,629 1,316
Age (years)T 59 *6 59 *6 586 57+ 6 576 576 56 £ 6
BMI (kg/mz)T 269 26.6 26.2 25.8 25.1 253 253
Waist circumference (cm)¥ 85.2 84.8 83.6 82.8 81.8 82.6 83.5
Beer (g/day) 0 0 0.1 0.4 0.8 1.0 2.6
Wine (g/day) 0 0.1 1.2 3.6 6.3 10.9 17.8
Fortified wine (g/day) 0 0.1 0.5 1.7 43 8.7 13.9
Spirits (g/day) 0 0 0.3 1.0 23 35 8.7
Systolic blood pressure (mmHg)t 135.4 132.7 131.6 131.1 130.1 132.0 134.3
Diastolic blood pressure (mmHg)+ 79.5 78.7 78.2 78.2 77.5 78.9 80.2
Current smoker (%) 18.2 213 17.2 18.6 239 33.0 43.6
Past smoker (%)t 14.8 30.6 31.7 30.7 432 413 38.8
Hypertension (%) 234 224 19.5 17.8 15.4 17.0 18.6
Hypercholesterolemia (%)t 6.4 6.6 5.6 4.6 4.5 4.8 4.4
Mean daily energy intake (kcal)t 1,737 1,732 1,765 1,816 1,834 1,842 1,939
Physical activity levelt,# 5.5 5.9 6.8 7.6 7.5 7.2 6.8
Family history type 2 diabetes (%) 232 229 216 21.4 19.9 19.4 16.3
Postmenopausal (%)t 83.9 85.9 84.0 81.8 81.6 81.7 82.6
Higher education (%)+,§ 8.2 11.7 16.6 23.7 294 294 348

Data are means * SD *All characteristics are age-adjusted except age. 1P value =0.001 between alcohol intake categories. Arbitrary units. §Higher education was
defined as having finished higher secondary school or completing bachelor’s or higher degree.

liquor were separated into three and beer
into two categories. Population-
attributive risks were calculated accord-
ing to Rothman and Greenland (14) using
teetotalers as a reference group. Two-
sided P values <0.05 were regarded as
significant.

RESULTS

Baseline characteristics

Baseline characteristics of the study pop-
ulation are shown in Table 1. BMI and
waist circumference were inversely asso-
ciated with alcohol consumption, while
smoking, energy intake, physical activity
level, and education showed positive as-
sociations with alcohol consumption.
Systolic and diastolic blood pressure and
prevalence of hypertension decreased
with increasing alcohol consumption up
to 140 g/week but increased in the higher
drinking categories.

To validate self-reported alcohol in-
take, we determined the relation between
alcohol intake and HDL cholesterol in the
random sample of 1,385 women. This
analysis showed a linear association (P <
0.001) between alcohol intake and HDL
cholesterol concentrations (B = SD:
0.1 = 0.01 mmol/l per 10 g alcohol/day)
with levels ranging from 1.41 * 0.05
mmol/l among teetotalers to 1.84 * 0.04
mmol/l among alcohol consumers of

=210 g/week, adjusted for all confound-
ers from the multivariate model. Lifetime
alcohol consumption was also positively
associated (P < 0.001) with HDL choles-
terol (0.03 = 0.001 per 10 g alcohol/day).
When adjusted for baseline alcohol con-
sumption, this association lost signifi-
cance (P = 0.31; 0.01 = 0.001 per 10 g
alcohol/day).

Baseline and lifetime alcohol
consumption and type 2 diabetes
During 101,250 person-years of follow-
up, 760 new cases of type 2 diabetes were
documented. An inverse relation between
alcohol intake and risk of type 2 diabetes
was observed (Table 2), with a similar risk
among teetotalers and women consuming
very low amounts of alcohol (0-4.9
g/week). Adjusting for potential con-
founders, HRs for type 2 diabetes ranging
from 0.86 (95% CI 0.66-1.12) for
women consuming 5-29.9 g/week to
0.69 (0.47-1.02) for women consuming
=210 g/week were observed. This
equaled a population-attributive risk for
type 2 diabetes of 16% for never consum-
ing alcohol. When lifetime alcohol con-
sumption was included in the model the
association did not substantially change
(Table 2). Waist circumference was a
stronger predictor of type 2 diabetes than
BMI. When BMI was replaced by waist
and hip circumference, the association

between alcohol consumption and type 2
diabetes did not substantially alter (data
not shown). We also restricted these anal-
yses to cases of type 2 diabetes that re-
ported use of medication or insulin or
were confirmed by the medical register,
and a similar inverse association between
alcohol consumption and type 2 diabetes
(P = 0.004) with a HR of 0.50 (0.31-
0.80) for those consuming =140 g alco-
hol per week was observed.

The association between lifetime al-
cohol consumption, calculated as alco-
hol-years, and type 2 diabetes is shown in
Table 2. Lifetime alcohol consumption
was inversely associated with type 2 dia-
betes, although more modestly than base-
line alcohol consumption. When baseline
alcohol consumption was included in the
model, the association between lifetime
alcohol consumption and type 2 diabetes
changed to a U shape. Women with 0.1-
4.9 alcohol-years (1.14 [0.87-1.51]) or
with =50 alcohol-years (1.09 [0.73-
1.64]) had a slightly increased risk of type
2 diabetes, while women with 10-20 al-
cohol-years had an HR of 0.78 (0.59-
1.03). Altogether, this equaled a
population-attributive risk for type 2 dia-
betes of 3.5% for never consuming alco-
hol. Replacing BMI with waist and hip
circumference in the model did not alter
the observed associations (data not
shown).
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Table 2—Baseline and lifetime alcohol consumption and risk of type 2 diabetes among 16,330 women

Alcohol consumption

Baseline alcohol consumption (g/day)
Cases (n)
Person-years
Age and BMI adjusted
Multivariate adjusted*
Multivariate adjustedt
Lifetime alcohol consumption (alcohol-years)¥
Cases (n)
Person-years
Age and BMI adjusted
Age, BMI, and alcohol adjusted
Multivariate adjusted*
Multivariate and alcohol adjusted8

0 (teetotaler) 0-4.9
100 211
9,297 19,533

1.0 1.05 (0.83-1.33)

1.0 1.04 (0.80-1.34)

1.0 1.02 (0.79-1.32)
0 (teetotaler) 0-4.9
101 120
9,492 11,362

1.0 1.06 (0.82-1.39)

1.0 1.06 (0.82-1.39)

1.0 1.14 (0.86-1.50)

1.0 1.14 (0.87-1.51)

5.0-29.9

174

23,755
0.79 (0.61-1.01)
0.86 (0.66-1.12)
0.85 (0.65-1.11)

5.0-9.9

132

15,594
0.92 (0.71-1.19)
0.93 (0.72-1.21)
0.96 (0.72-1.26)
0.97 (0.74-1.28)

30.0-69.9
87
16,015
0.65 (0.49-0.87)
0.66 (0.48-0.91)
0.64 (0.46-0.89)
10.0-19.9
137
22,200
0.70 (0.54-0.91)
0.73 (0.56-0.95)
0.75 (0.56-0.98)
0.78 (0.59-1.03)

Data are HR (95% CI), unless otherwise indicated. *Adjusted for age, BMI, smoking status, education, systolic blood pressure, menopause, physical activity, family
history of type 2 diabetes, daily energy intake, and hypertension. tAdjusted for alcohol-years (continuous) and age, BMI, smoking status, education, systolic blood
pressure, menopause, physical activity, family history of type 2 diabetes, daily energy intake, and hypertension. ¥Number of years consuming one standard alcoholic
beverage of 10 g alcohol daily. §Adjusted for baseline alcohol consumption (continuous) and age, BMI, smoking status, education, systolic blood pressure,
menopause, physical activity, family history of type 2 diabetes, daily energy intake, and hypertension.

Beverage type and type 2 diabetes
Associations between individual alco-
holic beverages and type 2 diabetes are
shown in Table 3. For consumption of
wine only, we observed an inverse associ-
ation (P = 0.05) with type 2 diabetes with
a HR of 0.66 (0.40-1.10) for those con-
suming =140 g alcohol/week. Although
for the other beverages light to moderate
consumption (0.8-69.9 g/week) was also
associated with decreased HRs for type 2
diabetes, these associations were not sta-
tistically significant.

CONCLUSIONS — In this cohort of
older women, a linear inverse association
between moderate alcohol consumption
and risk of type 2 diabetes was observed.
A similar linear inverse association was
observed for lifetime alcohol consump-
tion. However, when adjusted for current
alcohol consumption, the association
changed into a U shape. Beverage type did
not influence the association between al-
cohol consumption and type 2 diabetes.
Certain potential limitations of the
study need to be addressed. First, the use
of self-reported information on alcohol
intake may have introduced misclassifica-
tion in exposure. However, self-reported
alcohol consumption was validated
against HDL cholesterol in a random sam-
ple of 1,385 women and was positively,
linearly associated with HDL cholesterol
after adjustment for potential confound-
ers. The assessment of alcohol consump-
tion with the FFQ was also validated
against 12- to 24-h recalls, and both mea-
sures were highly correlated, showing

that this assessment is valid to rank sub-
jects according to their alcohol intake.
Altogether, this makes substantial mis-
classification unlikely. Also, drinking fre-
quency was not included in our
questionnaires, and we could thus not as-
sess the influence of binge drinking.
However, among moderately drinking
older women, binge drinking does not oc-
cur frequently (15). It is therefore un-
likely that this influenced our results to a
large extent.

Second, data on development of type
2 diabetes were partly based on self-
reported values and a urine dipstick test.
It seems likely that certain cases of type 2
diabetes remained unidentified, because
response rates were not complete. How-
ever, assuming that the observed relation
between alcohol consumption and type 2
diabetes is a true association, such under-
reporting of type 2 diabetes would only
have attenuated the association. Indeed,
when restricting our analyses to clinically
confirmed cases of diabetes, we observed
a similar association with type 2 diabetes.

Lastly, we cannot exclude that resid-
ual confounding from other comorbidi-
ties such as cardiovascular disease may be
present. However, when excluding cases
with cardiovascular disease from the anal-
ysis, similar results were obtained (data
not shown).

This finding of a decreased risk of
type 2 diabetes with moderate alcohol
consumption is consistent with other re-
ports from prospective studies (2) and ex-
pands this relation to older women and

lifetime alcohol consumption. In two
small studies among women, light drink-
ing was modestly inversely associated
with risk of type 2 diabetes, but the find-
ings were not significant (16,17). A larger
study of Stampfer et al. (18) also reported
nonsignificant results. Lee et al. (5) re-
ported an inverse association between al-
cohol consumption and type 2 diabetes in
the Towa Women'’s Health Study. Two re-
cent studies in a large population of
younger women also show a decreased
risk of type 2 diabetes with alcohol con-
sumption up to levels of 29.9 g/day and
10 g/day (3,4). Beyond these drinking lev-
els, risk of type 2 diabetes increased com-
pared with light to moderate drinking.
Similarly, several studies in male popula-
tions also indicated heavy drinking as a
risk factor for type 2 diabetes (16,17,19),
and a recent meta-analysis concluded that
alcohol consumption is associated with
type 2 diabetes in a U-shaped fashion (2).
In contrast, we did not find an increased
HR for heavier drinkers using baseline al-
cohol consumption.

Lifetime alcohol consumption, how-
ever, did show a U-shaped association
with risk of type 2 diabetes. To the best of
our knowledge, this was the first study to
report on lifetime alcohol consumption
and risk of type 2 diabetes. When ad-
justed for current alcohol use, we ob-
served that both heavier drinkers and very
light drinkers (0.1-4.9 alcohol-years)
had a slightly increased risk of type 2 di-
abetes, while moderate drinkers had a de-
creased risk of type 2 diabetes.
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Table 2—Continued

Beulens and Associates

Alcohol consumption

P value
quadratic trend

P value
linear trend

70.0-139.9
92
14,643
0.82 (0.62-1.09)
0.91 (0.67-1.24)
0.88 (0.63-1.23)
20.0-29.9
75
12,471
0.76 (0.56-1.02)
0.82 (0.60-1.12)
0.78 (0.56-1.08)
0.86 (0.61-1.20)

140.0-209.9

53

10,009
0.68 (0.48-0.95)
0.64 (0.44-0.93)
0.61 (0.41-0.92)

30.0-49.9

90

14,882
0.76 (0.57-1.02)
0.89 (0.64-1.22)
0.87 (0.57-1.06)
0.91 (0.65-1.28)

=210

43

7,998
0.69 (0.48-0.98)
0.69 (0.47-1.02)
0.65 (0.42-1.01)

=50

91

14,104
0.79 (0.60-1.05)
1.04 (0.71-1.54)
0.80 (0.59-1.10)
1.09 (0.73-1.64)

0.007 0.06
0.007 0.25
0.014 0.25
0.003 0.10
0.006 0.02
0.007 0.26
0.024 0.05

Few studies explored the influence of
beverage type on risk of type 2 diabetes.
Wannamethee et al. (4) reported that the
reduction in risk associated with light and
moderate drinking was more apparent
among beer and wine drinkers. The Ath-
erosclerosis Risk in Communities study
also showed no benefit of moderate
drinking for liquor drinkers (19). A report
from the Health Professionals’ Study, in
contrast, observed benefit of light to
moderate alcohol consumption for all
beverage types (20). Consistent with
Wannamethee et al. (4), we observed a
significant, inverse association only for
consumption of wine. However, the other
beverages showed similar HRs for type 2
diabetes. Because wine was the predomi-

nant beverage type in this population,
these differences are probably due to lim-
ited power for the other beverages.

The observed relation between alco-
hol consumption and type 2 diabetes is
compatible with a population-attributive
risk of 16% for not consuming alcohol.
This figure is in accordance with a recent
study of Knoops et al. (21) that reported
similar population-attributive risks rang-
ing from 13 to 20% for (combinations of)
several lifestyle factors such as moderate
alcohol consumption, physical activity, or
a Mediterranean diet.

This protective effect of moderate al-
cohol consumption for type 2 diabetes
may be due to increased insulin sensitiv-
ity with moderate alcohol consumption

Table 3—Beverage type and risk of type 2 diabetes among 16,330 women

(22,23). Davies et al. (22) showed that
moderate alcohol consumption increased
insulin sensitivity dose dependently in
postmenopausal women after 8 weeks of
consumption of 0, 15, or 30 g alcohol per
day. Anti-inflammatory effects (24) of
moderate alcohol consumption may also
be involved in this risk reduction. In this
study, moderate alcohol consumption
was associated with decreased BMI and
waist circumference. Therefore, BMI or
waist circumference may also mediate the
association with type 2 diabetes, but we
could not find evidence for this in our
study.

In conclusion, this study supports the
view that moderate alcohol consumption
decreases risk of type 2 diabetes in older

Alcohol consumption (g/day)

P value

0-0.7 0.8-29.9 30.0-69.9 70-139.9 =140 linear trend

Wine

Cases (n) 212 314 69 45 19

Person-years 20,236 44 496 14,760 8,097 4324

Multivariate-adjusted HR* 1.0 0.95 (0.78-1.15) 0.73 (0.54-0.99) 0.92 (0.64-1.32) 0.66 (0.40-1.10) 0.05
Fortified wine

Cases (n) 359 202 31 67

Person-years 43,960 31,163 5,488 11,302

Multivariate-adjusted HR* 1.0 0.96 (0.80-1.16) 0.88 (0.59-1.31) 0.88 (0.66-1.16) 0.81
Beer

Cases (n) 531 111 17

Person-years 70,077 19,014 2,822

Multivariate-adjusted HR* 1.0 1.02 (0.81-1.27) 0.86 (0.50-1.48) 0.72
Liquor

Cases (n) 453 144 25 39

Person-years 57,767 26,664 2,863 4,619

Multivariate-adjusted HR* 1.0 0.80 (0.65-0.98) 1.16 (0.75-1.80) 1.07 (0.76-1.51) 0.26

Data are HR (95% CI), unless otherwise indicated. *Adjusted for age, BMI, smoking status, education, systolic blood pressure, menopause, physical activity, family
history of type 2 diabetes, daily energy intake, and hypertension.
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women. Both current and lifetime alcohol
consumption were associated with a de-
creased risk of type 2 diabetes. These data
agree with previous observations and ex-
pand this evidence to older women and
lifetime alcohol consumption.

References

1.

Wild S, Roglic G, Green A, Sicree R, King
H: Global prevalence of diabetes: esti-
mates for the year 2000 and projections
for 2030. Diabetes Care 27:1047-1053,
2004

. Koppes LL, Dekker JM, Hendriks HF,

Bouter LM, Heine RJ: Moderate alcohol
consumption lowers the risk of type 2 di-
abetes: a meta-analysis of prospective ob-
servational studies. Diabetes Care 28:719—
725,2005

. Hu FB, Manson JE, Stampfer MJ, Colditz

G, Liu S, Solomon CG, Willett WC: Diet,
lifestyle, and the risk of type 2 diabetes
mellitus in women. N Engl | Med 345:
790-797, 2001

. Wannamethee SG, Camargo CA Jr, Man-

son JE, Willett WC, Rimm EB: Alcohol
drinking patterns and risk of type 2 dia-
betes mellitus among younger women.

Arch Intern Med 163:1329-1336, 2003

. Lee DH, Folsom AR, Jacobs DR Jr: Die-

tary iron intake and type 2 diabetes inci-
dence in postmenopausal women: the
Towa Women’s Health Study. Diabetologia
47:185-194, 2004

. Stolk RP, Pols HA, Lamberts SW, de Jong

PT, Hofman A, Grobbee DE: Diabetes
mellitus, impaired glucose tolerance, and
hyperinsulinemia in an elderly popula-
tion: the Rotterdam Study. Am J Epidemiol
145:24-32, 1997

. Boker LK, van Noord PA, van der Schouw

YT, Koot NV, Bueno de Mesquita HB,
Riboli E, Grobbee DE, Peeters PH, Pros-
pect-EPIC  Utrecht: Study design and
characteristics of the cohort population.

10.

11.

12.

13.

14.

15.

16.

17.

European Prospective Investigation into
Cancer and Nutrition. Eur J Epidemiol 17:
1047-1053, 2001

. Voorrips LE, Ravelli AC, Dongelmans PC,

Deurenberg P, Van Staveren WA: A phys-
ical activity questionnaire for the elderly.
Med Sci Sports Exerc 23:974-979, 1991

. Ocke MC, Bueno-de-Mesquita HB, God-

dijn HE, Jansen A, Pols MA, Van Staveren
WA, Kromhout D: The Dutch EPIC food
frequency questionnaire. I. Description of
the questionnaire, and relative validity
and reproducibility for food groups. Int |
Epidemiol 26 (Suppl 1):5S37-548, 1997
Ocke MC, Bueno-de-Mesquita HB, Pols
MA, Smit HA, Van Staveren WA, Krom-
hout D: The Dutch EPIC food frequency
questionnaire. I1. Relative validity and re-
producibility for nutrients. Int | Epidemiol
26 (Suppl 1):549-S58, 1997

The Netherlands Nutrition Center: Dutch
Food Composition Table 2001. The Hague,
the Netherlands, 2001

Maruti SS, Feskanich D, Colditz GA, Fra-
zier AL, Sampson LA, Michels KB, Hunter
DJ, Spiegelman D, Willett WC: Adult re-
call of adolescent diet: reproducibility and
comparison with maternal reporting. Am J
Epidemiol 161:89-97, 2005

Herings RM, Bakker A, Stricker BH, Nap
G: Pharmaco-morbidity linkage: a feasi-
bility study comparing morbidity in two
pharmacy based exposure cohorts. J Epi-
demiol Community Health 46:136-140,
1992

Rothman KJ, Greenland S: Modern Epide-
miology. Philadelphia, Lippincott-Raven,
1998

Naimi TS, Brewer RD, Mokdad A, Denny
C, Serdula MK, Marks JS: Binge drinking
among US adults. JAMA 289:70-75, 2003
Holbrook TL, Barrett-Connor E, Wingard
DL: A prospective population-based study
of alcohol use and non-insulin-dependent
diabetes mellitus. Am ] Epidemiol 132:
902-909, 1990

Monterrosa AE, Haffner SM, Stern MP,

18.

19.

20.

21.

22.

23.

24.

Hazuda HP: Sex difference in lifestyle fac-
tors predictive of diabetes in Mexican-
Americans. Diabetes Care 18:448-456,
1995

Stampfer MJ, Colditz GA, Willett WC,
Manson JE, Arky RA, Hennekens CH,
Speizer FE: A prospective study of mod-
erate alcohol drinking and risk of diabetes
in women. Am ] Epidemiol 128:549-558,
1988

Kao WH, Puddey IB, Boland LL, Watson
RL, Brancati FL: Alcohol consumption
and the risk of type 2 diabetes mellitus:
Atherosclerosis  Risk in  Communities
Study. Am J Epidemiol 154:748-757,
2001

Conigrave KM, Hu BF, Camargo CA, Jr,
Stampfer MJ, Willett WC, Rimm EB: A
prospective study of drinking patterns in
relation to risk of type 2 diabetes among
men. Diabetes 50:2390-2395, 2001
Knoops KT, de Groot LC, Kromhout D,
Perrin AE, Moreiras-Varela O, Menotti A,
Van Staveren WA: Mediterranean diet,
lifestyle factors, and 10-year mortality in
elderly European men and women: the
HALE project. JAMA 292:1433-1439,
2004

Davies MJ, Baer DJ, Judd JT, Brown ED,
Campbell WS, Taylor PR: Effects of mod-
erate alcohol intake on fasting insulin and
glucose concentrations and insulin sensi-
tivity in postmenopausal women: a ran-
domized controlled trial. JAMA 287:
2559-2562, 2002

Sierksma A, Patel H, Ouchi N, Kihara S,
Funahashi T, Heine RJ, Grobbee DE, Kluft
C, Hendriks HF: Effect of moderate alco-
hol consumption on adiponectin, tumor
necrosis factor-a, and insulin sensitivity.
Diabetes Care 27:184-189, 2004
Sierksma A, van der Gaag MS, Kluft C,
Hendriks HF: Moderate alcohol con-
sumption reduces plasma C-reactive pro-
tein and fibrinogen levels; a randomized,
diet-controlled intervention study. Eur
J Clin Nutr 56:1130-1136, 2002

2938

Di1ABETES CARE, VOLUME 28, NUMBER 12, DECEMBER 2005



