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OBJECTIVE — The aims of this study were to examine alcohol drinking patterns in women
with type 2 diabetes, impaired glucose tolerance (IGT), and normal glucose tolerance (NGT) and
to investigate whether alcohol intake was associated with improved insulin sensitivity, decreased
biomarkers of inflammation, and increased adiponectin levels and if these effects were limited to
dysmetabolic women.

RESEARCH DESIGN AND METHODS — From a cohort of 64-year-old Caucasian
women, 209 with type 2 diabetes, 205 with IGT, and 186 with NGT were recruited. Alcohol
consumption and medication use were assessed by questionnaires. Anthropometric data were
collected, and blood glucose, insulin, HDL cholesterol, triglycerides, C-reactive protein, white
blood cell count, and serum adiponectin were measured.

RESULTS — Compared with the NGT group, alcohol consumption was lower in the IGT
group and lowest in the diabetes group. Mean alcohol intakes of >9.2 and =3-9 g/day were
positively associated with adiponectin and insulin sensitivity (homeostasis model assessment
[HOMAYJ), respectively, independently of obesity, metabolic control, and other confounders.
Alcohol intake correlated negatively with inflammatory markers, although this did not remain
after adjustment for HOMA and waist circumference. The inverse associations between alcohol
consumption and factors related to the metabolic syndrome such as HOMA, waist circumfer-
ence, and inflammatory markers were more obvious among women with diabetes and IGT than
in healthy women.

CONCLUSIONS — In these women, moderate alcohol consumption showed beneficial
associations with the prevalence of type 2 diabetes, IGT, insulin sensitivity, and serum adiponec-
tin. There is a need to clarify whether adiponectin may be a mechanistic link and also to clarify
the clinical implications of these observations.
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Ithough extensive alcohol use leads
to increased morbidity, it is well es-
tablished that moderate consump-
tion is associated with a lower risk of
coronary heart disease. Moderate intake

of alcohol reduces overall mortality com-
pared with abstaining and heavy drinking
(1,2). This benefit may be only partly ex-
plained through favorable effects on lip-
ids (3,4). Other potential mechanisms
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include changes in insulin sensitivity and
inflammatory cytokines (4,5).

In prospective studies moderate and
frequent alcohol intake seems to decrease
the incidence of type 2 diabetes (6). Low-
ered insulin sensitivity is a key factor in
the development of type 2 diabetes, and
many studies have shown that moderate
alcohol consumption is associated with
improved insulin sensitivity (7,8). These
associations have been both linear and U-
shaped with different upper limits of al-
cohol intake (8). However, these findings
are not totally consistent (9).

Inflammatory biomarkers, such as C-
reactive protein (CRP), predict cardiovas-
cular disease and diabetes (10,11).
Subclinical inflammation is probably an
important etiological factor for the meta-
bolic syndrome, insulin resistance, and
type 2 diabetes (11,12). However, the lev-
els of inflammatory biomarkers are re-
duced by moderate alcohol consumption
(5). Adiponectin, a plasma protein ex-
pressed in adipocytes, might link type 2
diabetes, insulin resistance, and inflamma-
tion. The protein has insulin-sensitizing
and anti-inflammatory properties (13),
and recent reports have shown that mod-
erate alcohol intake was associated with
high adiponectin concentrations in dia-
betic men and in nondiabetic subjects
(14,15). Further, increased alcohol con-
sumption raised adiponectin concentra-
tions in an intervention study (16). There
are no available data on the relationship
between alcohol and adiponectin in dia-
betic women or in subjects with impaired
glucose tolerance (IGT).

In this study we examined a popula-
tion sample of 64-year-old women with
normal glucose tolerance (NGT), IGT, or
type 2 diabetes. The aims were to examine
the alcohol drinking patterns in these
women and to investigate whether alco-
hol intake was associated with improved
insulin sensitivity, decreased biomarkers
of inflammation, and increased adiponec-

908

DiaBETES CARE, VOLUME 29, NUMBER 4, ApPriL 2006

20z Idy 01 uo 3sanb Aq 4pd-80600090700°PZ/SIE0S9/806/7/6Z/4Pd-0]011IE/SIED/WOD IIEYIISAIS BPE//:A}Y WO papEOUMOQ



tin levels and whether these effects were
limited to dysmetabolic women.

RESEARCH DESIGN AND
METHODS — The Diabetes, Impaired
Glucose Tolerance in Women and Ath-
erosclerosis (DIWA) study was powered
to examine subclinical atherosclerosis in
the carotid and femoral arteries in a pop-
ulation sample of 64-year-old women.
Briefly, 2,595 women identified through
the County Register were contacted and
screened with questionnaire; measure-
ment of weight, height, waist, and hip cir-
cumference; and an oral glucose tolerance
test. Diabetes, IGT, and NGT were de-
fined according to the World Health Or-
ganization classification (17). The
diagnosis of IGT was based on results of
two oral glucose tolerance tests fulfilling
the criteria for IGT. The aim was to in-
clude strictly defined groups with type 2
diabetes (n = 209), IGT (n = 205), and
NGT. The NGT group consisted of so
many women that a random sample was
drawn (n = 101). A group of women with
NGT who were matched by BMI and
waist-to-hip ratio to the women with IGT
was also recruited (n = 97). Measure-
ments of alcohol intake were available for
186 women with NGT. The randomized
and matched NGT groups were com-
bined into one group in the present study
because they showed similar alcohol
intakes.

For all subjects the exclusion criteria
were malignant or inflammatory disease,
severe psychiatric disorders, or other cir-
cumstances making participation not fea-
sible. Diabetic women with anti-GAD
antibodies were excluded. For subjects with
NGT, additional exclusion criteria were cor-
onary heart disease, intermittent claudica-
tion, previous stroke or transient ischemic
attack, treatment or the need for treatment
for hypertension, and dyslipidemia.
Women with inflammatory diseases were
excluded to avoid confounding.

The subjects received both written
and oral information before they gave
their consent to participate. The study
was approved by the ethics committee at
Sahlgrenska University Hospital.

Measurements

A questionnaire was used to obtain infor-
mation on previous and present diseases,
smoking, medication, education, and
physical activity. Alcohol consumption
was assessed by two different question-
naires completed at different occasions,
1-2 weeks apart. For one of the question-
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Table 1—Characteristics of the 64-year-old women in the study

Diabetes IGT NGT
n 209 205 186
BMI (kg/m?) 20.6 = 4.9 277 =49 262 + 3.4*
Waist (cm) 983124 013+x118 88.0 £ 0.1%
Smoker 51 (34) 38 (19) 37 (19)
Cigarette-years 25 (0-1,840) 40 (0-1,505) 40 (0-1,400)
Blood glucose (mmol/) 72*x25 51*+06 4.8 £ 0.5*
HOMA 3.13 579 147 £1.22 1.10 £ 0.65*
Systolic blood pressure (mmHg) 143 £ 20 142 £ 19 132 £ 17*
HDL cholesterol (mmol/l) 1.48 = 0.41 1.62 =0.42 1.78 = 0.43*
Triglycerides (mmol/1) 1.57 = 0.99 1.36 = 0.74 1.17 = 0.56*
CRP (mg/l) 1.90 = 10.73 1.30 £ 3.73 1.27 = 2.55%
WBCs (10°/1) 6.9+18 63+1.8 58 + 1.5%
Previous myocardial infarction 13 (6) 2 (D 0t
Previous stroke 6(3) 6(3) 0
Insulin 12 (6) 0 0
Metformin 40 (19) 0 0
Sulfonylurea 26 (12) 0 0
Glitazone 11 (5) 0 0
Statin/fibrate 58 (28) 22 (11D 0
Aspirin 43 (21) 21 (10) 1(1)*
Hormonal replacement therapy 53 (25) 65 (32) 64 (34)T

Data are means *=SD, n (%), or median (minimum-maximum). *P < 0.001; TP < 0.01 for trend.

naires, the subjects were to report the
amount of alcoholic beverages consumed,
expressed as bottles per week. The other
was based on the number of glasses per
week. Subjects were also asked to specify
the amounts of beer, wine, and spirits.
The alcohol intake was calculated as
grams per day for each of the question-
naires, showing a good correlation (r =
0.78). The means of these measurements
were used in the analysis. Information on
the number of drinking occasions per
week for the three kinds of alcoholic bev-
erages was also obtained.

Biochemical analysis

At screening, capillary blood glucose was
measured with the glucose oxidase tech-
nique. After inclusion, venous blood sam-
ples were drawn, and serum and plasma
were frozen in aliquots at —70°C within
4 h.

Insulin was assayed at the Depart-
ment of Clinical Biochemistry Adden-
brookes NHS Trust (Cambridge, U.K.) on
a 1235 AutoDELFIA automatic immuno-
assay system using a two-step time-
resolved fluorometric assay. The kits were
manufactured for Wallac Oy (Turku, Fin-
land) by DAKO (Ely, Cambridgeshire,
U.K.). Homeostasis model assessment
(HOMA) was calculated (18).

Anti-GAD antibodies were measured
by an autoantibody enzyme-linked im-

munosorbent assay kit (RSR, Cardiff,
U.K.). Autoimmune diabetes was defined
as anti-GAD antibodies >4.6 units/ml.
CRP was measured by a photometric im-
munoturbidimetric test (Orion Diagnos-
tica, Espoo, Finland). Serum adiponectin
were determined by an ELISA kit (R&D
Systems Europe, Abingdon, U.K.) at the
Wallenberg Laboratory. Triglyceride lev-
els were determined by fully enzymatic
techniques (Thermo Clinical Labsystems,
Espoo, Finland). HDL was determined
after precipitation of apolipoprotein
B—containing lipoproteins with magne-
sium sulfate and dextran sulfate (Thermo
Clinical Labsystems). White blood cell
(WBC) count was measured by using the
Celldyn 4000 hematology analyzer (Ab-
bott Laboratories, Santa Clara, CA).

Statistical analysis

The SPSS 12.0 program for Windows was
used for the statistical analyses. Variables
are given as means * SD and n (%).
Skewed variables such as alcohol intake
are given as median (minimum-
maximum). Blood glucose, HOMA, trig-
lycerides, adiponectin, CRP, and WBC
count are given as geometric means * SD.
The skewed variables were log-
transformed before statistical analysis.
Linear trend was tested, and ANOVA was
used for testing between multiple groups.
Student’s t test was used to compare con-
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Table 2—Alcohol consumption patterns among the 64-year-old women in the study

Diabetes IGT NGT
n 209 205 186
Any alcohol intake 176 (84.2) 184 (89.8) 172 (92.5)*

Mean alcohol intake (g/day)

Mean frequency of alcohol intake (occasions/week)

Abstainers with previous overconsumption
Type of beverage, based on total g/day alcohol
Beer (%)
Wine (%)
Spirits (%)

6.7 £7.8(4.2,0-38.2)
2.1 +22(1.0-10)
524

31
56
14

7.2 £7.0(6.1,0-46.3)
24 *+242.0-13)

8.8 £7.8(7.2,0-37.2)*
28 *+232.0-1D*

3(1.5) 0 (O
28 31
59 55
15 15

Data are means *=SD, n (%), or median (minimum-maximum) unless otherwise indicated. *P < 0.01; ¥P < 0.05 for trend.

tinuous data, and )(2 tests were used for
analysis of proportions between groups.
Spearman’s correlation coefficient was
calculated. Multiple regression was used
in covariance analyses. In these analyses
alcohol consumption was categorized
into tertiles used as dummy variables. P <
0.05 (two sided) was considered as statis-
tically significant.

RESULTS — Table 1 presents the
characteristics of the subjects. Obesity,
blood glucose, HOMA, blood pressure,
and dyslipidemia were gradually in-
creased in the IGT and diabetes groups
compared with the NGT group. The pro-
portions of women with myocardial in-
farction and stroke are also shown in
Table 1. Treatment with aspirin or lipid-
lowering drugs was most common
among women with diabetes, compared
with the IGT group (Table 1). Hor-
monal replacement therapy was most
common in the NGT group, least frequent
in the diabetes group, and intermediate in
the IGT group. Of the diabetic women,
31% (n = 65) were taking any antidia-
betic medication.

Alcohol consumption
Alcohol consumption is presented in Ta-
ble 2. The gradual increase in alcohol in-
take paralleled the impairment of glucose
tolerance. Hence, women with NGT
drank more alcohol than those with IGT,
who in turn consumed more than women
with diabetes. In all groups, most alcohol
was consumed as wine. Among women
drinking alcohol, the median (minimum-
maximum) consumptions in the diabetes,
IGT, and NGT groups were 5.6 (0.3—
38.2), 7.0 (0.3-46), and 8.2 (0.3-37) g
alcohol/day, respectively (n = 532, P =
0.055 for trend). The prevalence of previ-
ous overconsumption was highest in the
diabetes group and lower in the IGT
group, whereas none of the NGT women
reported such problems (Table 2).
Education, measured by question-
naire as the total number of years in
school (mean 10.8, median 10 years,
range 4—24 years), was associated with
alcohol consumption (r = 0.18, P <
0.001) and HOMA (r = —0.18, P <
0.001). Physical activity during leisure
time was associated with HOMA (r =

Table 3—Correlations to mean daily alcohol intake in the entire group of 64-year old women
and in the subgroups type 2 diabetes, IGT, and NGT

All Diabetes IGT NGT
n 209 205 186
Waist —0.22* —0.25*% —0.197% —0.10
Cigarette years 0.19% 0.14% 0.24% 0.2371
HOMA —0.26* —0.27* —0.27* —0.10
Serum HDL cholesterol 0.32% 0.30* 0.34* 0.227
Serum triglycerides —-0.17* —0.16* —0.10 —0.17%
Adiponectin 0.22% 0.24* 0.16% 0.15%
CRP —0.16* —0.217 —0.21% —0.01
WBCs —0.147 —0.23* —0.07 —0.03

#*P < 0.001; TP < 0.01; ¥P < 0.05.

—0.13, P = 0.003) but not with alcohol
consumption (r = 0.05, NS).

Alcohol consumption, metabolic
factors, and smoking

Waist circumference, HOMA, HDL cho-
lesterol, and cigarette-years were associ-
ated with mean daily alcohol intake in the
entire group and within the diabetes and
IGT groups (Table 3.) In the NGT group,
only cigarette-years, HDL cholesterol,
and triglycerides correlated with alcohol
intake. Triglycerides correlated with alco-
hol intake in the diabetes and NGT
groups and in all women taken together.
Cigarette years and HOMA did not corre-
late (data not shown).

We performed a multivariate analysis
with log HOMA as the dependent variable
and alcohol intake in tertiles, log fasting
blood glucose, log waist circumference,
log school years, previous myocardial in-
farction, diabetes medication, aspirin, lip-
id-lowering drugs, and hormonal
replacement treatment as independent
variables. The results showed that the sec-
ond tertile of alcohol intake (2.7-<9.2 g
alcohol/day, P = 0.049), log glucose (P <
0.001), log waist circumference (P <
0.001), and aspirin treatment (P = 0.020)
were ‘mdegendemly associated with log
HOMA (R® = 65%). The corresponding
partial correlation coefficients were
—0.09, 0.59, 0.23, and 0.10, respec-
tively. For the highest alcohol tertile, the
partial correlation coefficient was —0.08
(P =0.057).

Adiponectin

Serum adiponectin concentrations dif-
fered between women drinking alcohol
and abstainers (14.66 = 7.01 vs. 11.53 =
6.47 mg/l, P < 0.001). The mean daily
alcohol intake correlated with adiponec-
tin in all women and in the separate
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groups (Table 3). Cigarette years and adi-
ponectin did not correlate (data not
shown). A multivariate analysis was per-
formed with adiponectin as a dependent
variable and with alcohol consumption as
tertiles, BMI, log waist circumference,
glucose tolerance group (diabetes, IGT,
and NGT), log HOMA, previous myocar-
dial infarction, antidiabetic medication,
aspirin, lipid-lowering drugs, and hor-
monal replacement treatment as indepen-
dent variables. The results showed that
alcohol consumption (tertile 3, =9.2
g/day, P = 0.017), log HOMA (P <
0.001), log waist circumference (P =
0.017), and aspirin treatment (P =
0.028), apart from glucose tolerance
group, were independently associated
with adiponectin (R = 24%). The corre-
sponding partial correlation coefficients
were 0.10, —0.28, —0.10, and 0.09,
respectively.

Inflammatory markers

Asshownin Table 1, CRP and WBC count
increased with decreasing glucose toler-
ance. CRP and WBC count correlated
negatively with alcohol consumption in
the entire group and among diabetic
women (Table 3). CRP was also inversely
associated with alcohol consumption in
the IGT group. In the NGT group there
was no correlation between mean daily
alcohol intake and CRP or WBCs. Adi-
ponectin correlated negatively with CRP
and WBC count (r = —0.30 and r =
—0.25, respectively, P < 0.001). CRP did
not correlate with cigarette-years (data
not shown). A multivariate analysis was
performed with log CRP as the dependent
variable and alcohol consumption in ter-
tiles, BMI, log waist circumference, log
fasting glucose, log HOMA, previous
myocardial infarction, antidiabetic medi-
cation, aspirin, lipid-lowering drugs, and
hormonal replacement treatment as inde-
pendent variables. Only log HOMA (P =
0.005) and log waist circumference (P =
0.001) were independently associated
with log CRP (R* = 23%). The corre-
sponding partial correlation coefficients
were 0.12 and 0.14. A corresponding
analysis with WBC as the dependent vari-
able showed that only log HOMA (P =
0.001) and log waist circumference (P =
0.034) were independent covariates (par-
tial correlation coefficients = 0.15, and
0.09, respectively) (R? = 9%).

After exclusion of all women with
previous myocardial infarction and stroke
and who were using antidiabetic medica-
tion, aspirin, lipid-lowering drugs, and

hormonal replacement therapy, mean
daily alcohol intake still correlated with
HOMA (r = —0.19, P < 0.01), adiponec-
tin (r = 0.19, P < 0.01), and CRP (r =
—0.17,P < 0.01) but not with WBC (r =
—0.10, P = 0.085) (n = 305).

CONCLUSIONS — The results from
this population-based cohort of 64-year
old women showed a consistently differ-
ent pattern of alcohol consumption be-
tween subjects with type 2 diabetes, IGT,
and NGT. Worsening glucose tolerance
was accompanied by more abstaining,
less frequent intake of alcohol, and
smaller amounts consumed. The mean
daily alcohol intake was positively associ-
ated with serum adiponectin and insulin
sensitivity, independent of potential con-
founders such as concomitant disease,
different medications, central obesity, or
various lifestyle factors. Increased alcohol
intake was accompanied by lower levels
of CRP and a lower WBC count, although
these did not remain after adjustment for
HOMA and waist circumference. The in-
verse association between alcohol and
factors related to the metabolic syndrome
(i.e., HOMA, waist circumference, and in-
flammation) was stronger among subjects
with type 2 diabetes and IGT than among
those with NGT.

The study design warrants some
methodological considerations. First, in
this cross-sectional study, causality can-
not be analyzed. It may be argued that
more restricted drinking habits could be a
response to the diagnosis of diabetes or
IGT. However, we do not believe that this
is the case. The associations between al-
cohol intake and HOMA and the other
components of the metabolic syndrome
were observed in the entire cohort after
adjustment for glucose tolerance and also
within each of the diabetes and IGT
groups. Further, half of the diabetic
women and all women with IGT were de-
tected during the study. In the IGT group
all women got the same information
about lowered glucose tolerance without
any classification of severity. No system-
atic information on alcohol intake was
given.

Second, alcohol intake is difficult to
assess. It may also covariate with lifestyle
and psychosocial factors which, in turn,
could exert metabolic effects. We handled
these difficulties by evaluating alcohol
consumption at two different occasions
with two questionnaires, using different
approaches. Several measures of intake
were used, including both the frequency
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of drinking and mean alcohol intake. In
addition, we assessed and adjusted for
lifestyle and psychosocial factors.

Finally, there are other potential con-
founders. Hence, concomitant cardiovas-
cular diseases may be associated with
insulin resistance, inflammatory response
(19), and lower adiponectin concentra-
tion (20). In addition antidiabetic treat-
ment and lipid-lowering therapy may
reduce CRP and also affect adiponectin
levels (21). Aspirin may reduce CRP con-
centrations (22). However, in the present
study the associations between alcohol in-
take and HOMA, adiponectin, CRP, and
WBC count remained in covariance anal-
yses in which concomitant diseases and
medication were included as covariates.
In a further analysis after exclusion of
women with previous myocardial infarc-
tion or stroke and those presently taking
medication, the correlations between al-
cohol consumption and HOMA, adi-
ponectin, and CRP still remained.

The results are in line with previous
studies. So far, serum adiponectin con-
centrations in relation to alcohol con-
sumption have only been reported for
nondiabetic men and women (15) and di-
abetic men (16). We extend this knowl-
edge to Caucasian women with type 2
diabetes, IGT, and NGT, showing that a
daily alcohol intake of >9 g was associ-
ated with an increase in serum adiponec-
tin. Adiponectin levels are reduced in
patients with obesity and cardiovascular
disease, in those treated with an insulin
sensitizer (23), and in patients with car-
diovascular disease and has been shown
to increase after weight reduction or treat-
ment with insulin sensitizers (23). How-
ever, our findings were independent of
these confounding factors.

To our knowledge, there are no data
published on alcohol drinking patterns in
middle-aged women, comparing subjects
with diabetes or IGT with healthy
women. In a recent review, we showed
that in most studies, increased alcohol in-
take was related to higher insulin sensi-
tivity (8). We found that alcohol con-
sumption corresponding to >3-9 g/day
was associated with high insulin sensitiv-
ity after adjustment for potential con-
founders, which is in line with findings by
Freiberg et al. (7). Any established level
for alcohol-induced improvement of in-
sulin action is not well defined in the lit-
erature. Suggested alcohol consumption
levels range from 6 to 12 g/day, up to <40
g/day (8).

Our interpretation of the results is
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that women with impaired glucose regu-
lation consumed less alcohol than those
with NGT. Conversely, moderate alcohol
consumption was associated with lesser
degrees of impaired glucose regulation,
higher insulin sensitivity, less dyslipide-
mia, central obesity, and higher adi-
ponectin levels. We can only speculate on
the underlying mechanisms. Adiponectin
has anti-inflammatory (24) and insulin-
sensitizing effects (23) and appears to
protect from the development of the met-
abolic syndrome and type 2 diabetes (25).
Hence, a hypothetical concept of adi-
ponectin mediating the effect of alcohol
consumption on metabolism is supported
by these accumulating data and the re-
sults from the present study, in combina-
tion with data from a previous
intervention study showing that alcohol
consumption raised serum adiponectin
levels (26). The primary effect of alcohol
may also be to improve insulin sensitivity,
thereby improving adiponectin produc-
tion by the adipocytes. It has been pro-
posed that the inhibitory effect of alcohol
on lipolysis, leading to a decrease in free
fatty acids, may be the mechanism that
initiates an improvement of insulin sensi-
tivity (27).

The results cannot be generalized be-
yond this population-based cohort of
Caucasian 64-year-old women. However,
an advantage of this study is that potential
confounders related to ethnicity, sex, and
age were constant. Further, the diagnoses
of type 2 diabetes and IGT were based on
repeated testing and measurement of anti-
GAD antibodies.

In summary, moderate alcohol con-
sumption was accompanied by less inci-
dence of type 2 diabetes, IGT, insulin
sensitivity, dyslipidemia, and inflamma-
tion, whereas serum adiponectin was in-
creased. There is a need to clarify whether
adiponectin may be a mechanistic link
and also the clinical implications of these
observations.
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