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OBJECTIVE— To test the hypothesis that insulin-mediated glucose uptake is
enhanced in light-to-moderate alcohol consumption.

RESEARCH DESIGN AND METHODS— This is a case-control study of healthy
volunteers, divided into nondrinkers and light-to-moderate drinkers based on their
history of alcohol consumption. The study was performed at the General Clinical
Research Center at Stanford University Medical Center and involved 40 volunteers, 20
men and 20 women. Measurements were made of the plasma glucose and insulin
responses to an oral glucose challenge, fasting plasma lipid and lipoprotein concentra-
tions, and steady-state plasma insulin (SSPI) and steady-state plasma glucose (SSPG)
concentrations in response to a continuous infusion of somatostatin, insulin, and glucose.

RESULTS— Light-to-moderate drinkers (10-30 g/day) had lower integrated
plasma glucose (17.8 ± 0.8 vs. 19.8 ± 0.9 mM/h, P < 0.02) and insulin (600 ± 65
vs. 1,075 ± 160 pM/h, P < 0.01) responses to the glucose challenge and higher
fasting plasma high-density lipoprotein (HDL) cholesterol concentrations
(1.46 ± 0.08 vs. 1.25 ± 0.08, P < 0.02). Despite similar SSPI concentrations of
—300 pM, SSPG concentrations were lower (P < 0.01) in light-to-moderate drinkers
(6.7 ± 0.8 vs. 10.7 ± 1.2 mM). Results were independent of age, body mass index,
ratio of waist-to-hip girth, and estimates of level of habitual physical activity.

CONCLUSIONS— Light-to-moderate alcohol consumption in healthy men and
women is associated with enhanced insulin-mediated glucose uptake, lower plasma
glucose and insulin concentrations in response to oral glucose, and a higher HDL-
cholesterol concentration. The changes in glucose and insulin metabolism may
contribute to the lower risk of coronary heart disease described in light-to-moderate
drinkers.
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R ecent publications (1,2) have dem-
onstrated that the chronic intake
of ethanol in light-to-moderate

amounts was associated with a decrease
in coronary heart disease (CHD), pre-
sumably caused by the concomitant in-
crease in high-density lipoprotein (HDL)
cholesterol concentration (1-3). Women
drinking a moderate amount of alcohol
also have been shown to have lower fast-
ing plasma insulin and triglyceride (TG)
concentrations, in addition to higher
HDL-cholesterol levels, than female non-
drinkers (4). Because lower plasma insu-
lin and TG and higher HDL-cholesterol
concentrations have been associated with
enhanced insulin sensitivity (5), it seemed
possible that insulin-mediated glucose
disposal might be enhanced in individu-
als chronically ingesting light-to-moder-
ate amounts of alcohol. This study was
initiated to test this hypothesis.

RESEARCH DESIGN AND
METHODS — All participants enrolled
in this study were individuals who re-
sponded to a newspaper advertisement
indicating our interest in studying factors
modulating insulin action and glucose
tolerance in healthy human beings. When
potential participants were initially inter-
viewed, their habitual intake of alcohol
was estimated by a modified version (6)
of the original Straus and Bacon (7)
usual quantities questionnaire. Use of
this questionnaire is based on estimating
frequency of drinking occasions and
amounts consumed per occasion of
wine, beer, spirits, and mixed drinks.
Based on an average estimated alcohol
content of 10, 4, 40, and 20% (weight),
respectively, for wine, beer, spirits, and
mixed drinks (i.e., cocktails), light-to-
moderate drinking individuals were de-
fined as consuming 10-30 g of alcohol/
day, an amount roughly equivalent to
1-3 drinks/day. Potential subjects fulfill-
ing this criterion, with body mass index
(BMI) <30 k g - m " 2 - " 1 day, were
screened further by medical history,
physical examination, and chemical
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Table 1—Baseline characteristics of experimental groups

n
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
Waist-to-hip ratio
Energy expenditure

(kcal-ml^-day- 1 )
Family history (n)

Hypertension
Diabetes

Women

Nondrinkers

11
41 ± 4

166 ± 2
69 ± 4

25.1 ± 1.5
0.89 ± 0.03

1,569 ± 96

7
6

Drinkers

11
45 ± 4

166 ± 3
69 ± 4

24.9 ± 1.5
0.88 ± 0.04

1,541 ± 46

7
6

Nondrinkers

9
47 ± 5

174 ± 2
78 ± 7

25.7 ± 1.8
0.91 ± 0.03

1,797 ± 90

3
1

Men

Drinkers

9
46 ± 6

182 ± 2
86 ± 5

25.8 ± 1.3
0.91 ± 0.03

1,840 ± 120

4
2

Data are means ± SE.

screening battery. The 20 subjects finally
selected for this study were entirely nor-
mal by these criteria and were not taking
any drugs known to affect carbohydrate
or lipid metabolism.

We then selected another 20 in-
dividuals from the volunteer pool who
most closely resembled the group of
drinkers in terms of age, sex, and BMI
and who also fulfilled the other criteria
for inclusion, but who stated that they
never consumed alcohol (n = 14) or
used it only on rare occasions (n = 6).
The level of habitual physical activity was
estimated by a modified version of a self-
reporting questionnaire (8) in which
subjects describe the time spent during
the previous week performing various
activities. Empirical constants are used to
calculate the amount of energy used per
day, i.e., sleep is assumed to require 1
metabolic equivalent (MET) per hour,
with 1 MET = 1 k c a l - k g " 1 - h " 1 ;
sweeping, walking, etc., requiring 4
METS; or swimming requiring 7 METS.
We have expressed these data as
kcal-m~2 • day"1 to take into account
differences in surface area. Baseline char-
acteristics of the two experimental groups
are presented in Table 1, and they seem
to be quite comparable in all variables
with the exception of alcohol consump-
tion. Parenthetically, only 2 of 40 partic-

ipants smoked, and this variable was not
considered any further.

Volunteers were admitted to the
Stanford General Clinical Research Cen-
ter, and the following measurements
were made. Venous blood was obtained
on two occasions after an overnight fast
for determination of fasting plasma TG
(9) and cholesterol concentrations (10).
Plasma also was separated by ultracen-
trifugation (11) for measurement of li-
poprotein cholesterol and TG concentra-
tion. The lipid and lipoprotein data that
were reported represent the average of
these two fasting samples. On one morn-
ing, after an overnight fast, plasma glu-
cose (12) and insulin (13) concentrations
were determined before and 30, 60, 120,
and 180 min after the administration of a
75-g oral glucose challenge. Finally, in-
sulin-mediated glucose uptake was esti-
mated by a modification of the insulin
suppression test originally described by
our research group (14,15). This study
also was performed after an overnight
fast and involved the continuous intrave-
nous infusion for 180 min of somato-
statin (5 (xg/min), insulin (25 mU • m~2 •
min"1), and glucose (240 mg* m~2 •
min"1) into an indwelling Teflon cathe-
ter in a superficial antecubital vein. Ve-
nous blood samples were obtained from
a similar catheter inserted in a contralat-

eral antecubital vein and kept patent by a
slow infusion of 0.9% sodium chloride.
Blood was obtained every 10 min during
the last 30 min for measurement of
plasma glucose and insulin concentra-
tions, and the mean value of these four
measurements was used to calculate the
steady-state plasma insulin (SSPI) and
steady-state plasma glucose (SSPG) con-
centrations. Because the SSPI is similar in
all individuals, the SSPG concentration
provides a measure of insulin-mediated
glucose disposal; the higher the SSPG,
the more insulin-resistant the individual.

Statistical analysis
Results are expressed as means ± SE.
Plasma glucose and insulin responses
were defined as the total integrated area
from 0 to 180 min. Statistical signifi-
cance of differences between the two
groups was determined by one-way anal-
ysis of variance (ANOVA). When multi-
ple time points were involved, two-way
ANOVA was used to assess the differ-
ences between the two groups.

RESULTS— Plasma glucose and insu-
lin concentrations before and after the
oral glucose challenge are shown in Fig.
1. Plasma glucose concentrations were
somewhat lower in low-to-moderate
drinkers in response to the glucose chal-
lenge, and the total integrated glucose
response was significantly lower in this
group (17.8 ± 0.8 vs. 19.8 ± 0.9 mM/h,
P < 0.02). The difference in the total in-
tegrated plasma insulin response be-
tween the two groups was even greater in
magnitude and was significantly lower
(P < 0.01) in l ight- to-moderate
(600 ± 65 pM/h) than in nondrinkers
(1,075 ± 160 pM/h). When analyzed by
two-way ANOVA, using group and time
as the two factors, the statistical signifi-
cance of the difference of both the
plasma glucose and insulin responses be-
tween the two groups also was highly
significant (P < 0.001).

SSPG and SSPI concentrations for
the two groups are shown in Fig. 2. Be-
cause the SSPI concentrations were sim-

116 DIABETES CARE, VOLUME 17, NUMBER 2, FEBRUARY 1994

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/17/2/115/341168/17-2-115.pdf by guest on 10 April 2024



Facchini, Chen, and Reaxen

1 0 -

8 -

5o

2 -

GLUCOSE 800 -

6 0 0 -

o 400

200 -

B INSULIN

w i i i I i i i w i i i r~ i i n

0 30 60 120 180 0 30 60 120 180
Time (min)

Figure 1—Plasma glucose (A) and insulin (B) concentrations before and 30, 60, 120, and 180 min
after 75 g of oral glucose in nondrinkers ( • • ) and light-to-moderate drinkers (O O).

ilar, lower SSPG concentrations in light-
to-moderate drinkers (6.7 ± 0.8 vs.
10.7 ±1 .2 mM, P < 0.01) means that
this group was relatively less insulin-
resistant compared with nondrinkers.

Plasma lipid and lipoprotein cho-
lesterol concentrations are listed in Table
2. These results indicate that the only
difference between the two groups was a
significantly higher (P < 0.02) value for
HDL-cholesterol concentration in low-
to-moderate drinkers.

CONCLUSIONS— The data pre-
sented demonstrate that individuals clas-
sified as being light-to-moderate drink-
ers are relatively more insulin sensitive
and have lower plasma insulin levels
than do nondrinkers. Because the two
experimental groups were well matched
in age, sex distribution, BMI, and degree
of habitual physical activity, i.e., vari-
ables known to affect insulin action and
insulin concentration, it seems reason-
able to conclude that the difference in
alcohol intake was responsible for the
observed changes in insulin metabolism.

This observation that insulin lev-

els are lower in mild-to-moderate drink-
ers is consistent with results of the recent
epidemiological study by Razay et al. (4).
Because plasma insulin levels and insu-
lin-mediated glucose uptake are in-
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versely correlated in nondiabetic subjects
(16), the results presented by Razay et al.
(4) also suggest that insulin sensitivity is
enhanced in individuals consuming
light-to-moderate amounts of alcohol.
Although our results and those of Razay
et al. (4) seem to be at odds with at least
three previous publications that con-
cluded ethanol consumption decreased
insulin-mediated glucose uptake (17-
19), the difference may be more apparent
than real. For example, previous studies
quantified the acute, not the chronic, ef-
fects of alcohol on insulin-mediated glu-
cose uptake and were performed in a
relatively small number of individuals
(7, 10, and 6 in references 17-19, re-
spectively). Furthermore, in these stud-
ies, relatively large amounts of alcohol
were administered intravenously over
quite short time periods, i.e., total doses
ranging from a low of 22 g in 7 h to a
high of —60 g in 30 min. Obviously, the
amounts are greatly in excess of the daily
10-30 g of alcohol consumed by the
light-to-moderate drinkers in this study.
No a priori reason existed to assume that
the acute effects of large amounts of al-
cohol on insulin-mediated glucose up-

15

12

B
SSPG

Non
Drinkers Drinkers

Figure 2—SSPl (A) and SSPG (B) concentrations after a 180-min infusion of somatostatin, insulin,
and glucose in nondrinkers (M) and light-to-moderate drinkers (D).
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Table 2—Lipid and lipoprotein concentrations

Cholesterol (mM)
Total
VLDL
1DL
LDL
HDL

TG (mM)
Total
VLDL
1DL
LDL
HDL

Nondrinkers

4.56 ±0.15
0.48 ± 0.15
0.33 ± 0.10
2.49 ± 0.15
1.25 ± 0.08

1.21 ±0.11
0.76 ± 0.10
0.16 ± 0.03
0.19 ± 0.01
0.11 ±0.01

Drinkers

4.68 ± 0.20
0.41 ± 0.08
0.25 ± 0.05
2.56 ± 0.18
1.46 ± 0.08

1.18 ±0.12
0.72 ±0.11
0.14 ±0.01
0.20 ± 0.01
0.11 ± 0.01

P value

NS
NS
NS
NS

<0.02

NS
NS
NS
NS
NS

Data are means ± SE.

take should be the same as the chronic
effects of much smaller amounts. Thus,
our results and those of Razay et al. (4)
are not necessarily in conflict with pre-
vious publications.

Comment also should be made
regarding the effects of mild-to -moderate
drinking on lipid and lipoprotein con-
centrations. Not surprisingly, HDL-
cholesterol concentrations were higher in
these individuals, both in our study and
in that of Razay et al. (4). Somewhat
unexpected was our finding that plasma
TG concentrations were not higher in the
light-to-moderate drinkers and were ac-
tually lower in the report by Razay et al.
(4). These results appear to be in conflict
with evidence that plasma TG concentra-
tions are positively correlated with alco-
hol intake (20). However, as pointed out
by Razay et al. (4), the relationship be-
tween alcohol and TG concentrations
may be U-shaped, with mild-to-moder-
ate drinkers having lower levels than in
either nondrinkers or heavy drinkers.

Note that this study was not ini-
tiated to test the hypothesis that light-to-
moderate alcohol consumption will en-
hance insulin-mediated glucose uptake.
Nor should the results be interpreted to
mean that alcohol consumption should
be encouraged to improve insulin-medi-
ated glucose disposal; the dangers of ex-
cessive alcohol intake are well appreci-

ated and need not be repeated in the
context. Rather, the study was initiated
in response to recent reports stating that
light-to-moderate alcohol consumption
was associated with a decrease in CHD
(1,2) considered to be secondary to the
increase in HDL cholesterol observed in
individuals consuming alcohol (1-3).
Several reports have shown that HDL-
cholesterol concentrations are inversely
related to degree of resistance to insulin-
mediated glucose disposal and/or endo-
genous hyperinsulinemia (5,21-23),
raising the possibility that the associa-
tions between alcohol consumption, de-
creased risk of CHD, and increased HDL-
cholesterol concentration were all related
to differences in resistance in insulin-
mediated glucose uptake and/or hyper-
insulinemia. Although these results are
consistent with this possibility, it is ob-
vious that mechanistic relationships can-
not be defined by cross-sectional studies.

Parenthetically, these results also
are germane to the idea that the associa-
tion between alcohol consumption and
decreased CHD risk is attributable to
higher HDL-cholesterol concentrations
(1-3). The fact that general agreement
exists that CHD risk is inversely related
to HDL-cholesterol concentrations
(24,25) should not obscure the fact that
substantial evidence has been found that
higher postglucose load plasma glucose

and insulin concentrations also have
been identified as increasing the risk of
CHD in nondiabetic individuals (26-
31). Finally, it must be made unequivo-
cally clear that the changes in insulin-
mediated glucose disposal, relative
glucose intolerance, and hyperinsuline-
mia noted in light-to-moderate drinkers
are not necessarily caused by alcohol
consumption per se. Although we tried
to take into account all relevant variables
known to affect insulin action and glu-
cose tolerance (Table 1), some other
variable, present in the drinkers and not
the nondrinkers, was possibly responsi-
ble for the changes noted. On the other
hand, even if this were the case, it would
not mitigate against the results we pre-
sented. The goal of this study was to
determine whether nondrinkers were
relatively insulin resistant, glucose intol-
erant, and hyperinsulinemic compared
with light-to-moderate drinkers. We be-
lieve that the results support the view
that this is the case.
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