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Abstract

Epidemiological studies have shown that red wine consumption is associated with less cardiovascular mortality in the general population
and in the diabetic patients. To determine whether red wine improves insulin resistance in diabetic patients and to explore the relation
between insulin sensitivity and endothelial function, we studied vascular reactivity and insulin-mediated glucose uptake in 9 type 2 diabetic
patients before and after 2 weeks of red wine consumption (360 mL/d, wine-treated diabetics) and 8§ type 2 diabetic patients who did not
consume wine (control diabetics). Vascular reactivity was evaluated by plethysmography during intraarterial infusion of acetylcholine (Ach),
sodium nitroprusside, and L-N-monomethylarginine. Forearm nitrite balance was measured during Ach infusion. Insulin sensitivity was
measured by euglycemic hyperinsulinemic clamp at 1 mU/kg per minute. The basal forearm blood flow and the response to Ach, to sodium
nitroprusside, and to L-N-monomethylarginine were unchanged both in the wine-treated and in the control diabetics. In contrast, insulin-
mediated whole body glucose disposal improved by 43% after red wine consumption (from 2.79 + 0.4 to 4.02 + 0.5 mg/kg of lean body
mass per minute, P = .02), but did not change in the control group. In conclusion, red wine consumption for 2 weeks markedly attenuates
insulin-resistance in type 2 diabetic patients, without affecting vascular reactivity and nitric oxide production.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction It is well known that in countries where there is a high
procapita consumption of alcoholic beverages, there is also
a reduction in the number of deaths for cardiovascular
diseases [16]. Recent data suggest that a light to moderate
alcohol consumption [17-20], but not an excess [18,21],
exerts a protective effect by reducing the number of
cardiovascular events. Beneficial effects have also been
reported with regard to red wine consumption and explained
for improvement of endothelial dysfunction, an effect that
does not seem to be entirely dependent on the alcohol
content [22-27]. Interestingly, drinking purple grape juice
for 2 weeks improves endothelial function in patients with
CAD [28], suggesting that the effect of red wine is mediated
by its polyphenol content. Epidemiological data have also
suggested that alcohol consumption may be associated with
improved insulin sensitivity, providing another potential
explanation for the reduction in cardiovascular mortality

In diabetic patients, endothelial dysfunction is involved
in the development of both macro- and microvascular
complications [1-7]. The altered vascular function in
diabetes is attributed to impaired nitric oxide (NO)
availability [8-11]. In addition, some studies [12-14] have
suggested that endothelial dysfunction may be also involved
in the development of insulin resistance in diabetes. Insulin
resistance, in turn, is considered as a risk factor for the
increased morbidity and mortality for coronary artery
disease (CAD) and stroke [15]. This background explains
why type 2 diabetic patients have more than twice the risk
for developing CAD or stroke than the general population,
and more than 70% of total death in diabetic patients is due
to CAD or stroke [15].
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associated with alcohol intake [19].
The issue whether drinking red wine should be the object
of open recommendation, particularly for populations at
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high risk of CAD or stroke, has been a matter of debate,
essentially because the beneficial effects of wine consump-
tion are claimed mostly on the basis of correlative evidence.
Indeed, no data are available regarding the effect of red
wine drinking on endothelial-mediated vascular reactivity in
diabetic patients. Furthermore, there are no clinical studies
on the effect of alcohol intake on insulin resistance
associated with diabetes. Therefore, the present study was
designed to address simultaneously in the same group of
diabetic patients the questions whether red wine drinking
affects (1) insulin resistance and (2) endothelium-mediated
and non—endothelium-mediated vascular reactivity and
NO production.

2. Research design and methods
2.1. Subjects

We studied a group of 17 type 2 diabetic patients (15
men and 2 women, 48-72 years of age) treated with diet
alone or with low doses of oral hypoglycemic agents
(sulphanylureas and/or metformin). All patients were in
good glycemic control before the start of the study. Six of
the patients were not used to drink alcoholic beverages
before being selected for the study. However, all patients
were asked not to drink any wine or alcoholic beverage in
the 4 weeks preceding the basal evaluation of vascular
reactivity and insulin resistance. In addition, all patients
were asked to maintain their life style (physical activity,
dietary, and smoking habits) as much as possible unmod-
ified for the 4 weeks preceding the study and during the 2-
week experimental period. The diabetic patients were
studied according to 2 different protocols: one group of 9
diabetic patients, the day after the baseline study, started the
daily ingestion of 180 mL of red wine (Chianti Riserva,
Marchese Antinori, Italy) at lunch and dinner (wine-treated
diabetics); a second group of 8 diabetic patients after the
baseline study continued their usual diet without any
alcoholic beverage (control diabetics). The 2 groups of
patients were matched for the use of oral hypoglycemic
agents. The clinical and metabolic characteristics of the
patients studied are shown in Table 1. After 2 weeks of
treatment, the experiment to measure vascular reactivity and
insulin sensitivity was repeated. Informed consent to
participate in the study was obtained by all participants
and the study protocol was approved by the Ethics
Committee of the University Federico II School of Medi-
cine, Naple, Italy.

2.2. Experimental procedure

The studies were performed, as previously described
[29,30], in the morning in a quiet room kept at 22°C to
24°C. The subjects were studied in supine position after 12
to 15 hours overnight fast. A plastic cannula (20 G) was
inserted into the brachial artery of the nondominant arm
under local anesthesia (Xylocaine, 2%) and used for the

infusion of the test substances, the monitoring of arterial
blood pressure and heart rate, and the arterial blood
sampling. In the same arm, a second plastic cannula was
introduced into a large antecubital vein to obtain venous
blood samples. In the contralateral arm, a third catheter was
inserted into an antecubital vein and used for the infusion of
insulin and glucose during the euglycemic hyperinsulinemic
clamp study. Systolic and diastolic blood pressure and heart
rate were recorded by a transducer. Forearm blood flow
(FBF) was measured in both the forearms by strain gauge
plethysmography with a calibrated mercury-in-silastic strain
gauge applied around the forearm connected to a Hokanson
plethysmography (Hokanson 045 EC4; PMS Instruments,
Berks, UK) associated with a McLab computer. Both arms
were supported slightly above the heart level. During the
measurement of FBF and blood sampling, a pediatric cuff
was inflated around the wrist 100 mm Hg above systolic
blood pressure to exclude hand circulation from the
measurements. Each subject underwent the following
stepwise infusions into the brachial artery: (1) Ach, infused
at the rate of 15, 30, 45, and 60 pg/L of forearm per minute,
to assess endothelial-mediated vasodilation; (2) sodium
nitroprusside (NP), infused at the rate of 1, 3, and 9 pg/L
per minute, to get information on the non—endothelial-
mediated vasodilation; and (3) to assess the role of
endothelial NO release in the maintenance of the basal
vascular tone, L-N-monomethylarginine (L-NMMA), a
competitive, inactive analog of L-arginine, was infused at
the rate of 1 mg/L per minute. To determine the peak flow,
FBF was measured after 5 minutes of ischemia induced by
inflating a sphygmomanometer cuff around the upper arm.
Each dose of the test substances was infused for 5.5 minutes
and FBF was measured during the last 1.5 minutes of
infusion. At least 30 minutes washout was allowed between
each substance. The infusion rates were adjusted according
to the forearm volume of each subject. Forearm blood flow
was measured simultaneously in both arms to ensure that no
systemic effects occurred during the experiment. Each FBF
value represents the mean of 6 consecutive measurements
performed at 10-second intervals. At the end of the
evaluation of vascular reactivity, a euglycemic hyper-
insulinemic clamp study was performed as previously
described [31]. An infusion of human regular insulin
(Humulin R; Eli Lilly, Indianapolis, Ind) started intrave-
nously at the rate of 1 mU/kg of body weight to achieve a
constant hyperinsulinemia in the high physiological range.
The glucose infusion was started when plasma glucose
concentration reached euglycemic values and then kept
constant all throughout the study. The glucose infusion rate
was adjusted on the basis of frequent control of blood
glucose concentration measured on samples taken from the
brachial artery by a glucose analyzer (Yellow Spring, Palo
Alto, Calif). Because hepatic glucose production can be
considered suppressed at insulin plasma concentration
achieved [32], the glucose infusion rate, adjusted by the
lean body mass, necessary to maintain a constant normo-
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Table 1
Clinical and metabolic characteristics of 17 patients studied
Sex Age Duration BMI Fructosamine
(M/F) y) of diabetes (y) (kg/m?) (mg/dL)
Red wine-treated Baseline 8/1 58 + 2.0° 8§+3 282 + 1.7 233 + 12
diabetic patients After 2 weeks - - - 283 £ 1.6 234 + 16
Control Baseline 7/1 53 £37 7+3 260 £ 1.3 279 + 35
diabetic patients After 2 weeks - - - 26.0 £ 1.0 247 + 32

BMI indicates body mass index; FPG, fasting plasma glucose. HbAlc, glycated hemoglobin.

% Mean + SE.
* P = .02 vs baseline.

glycemia in the last 40 minutes of the 120 minutes glucose
clamp study was considered the insulin-mediated whole body
glucose uptake (M value).

2.3. Analytical methods

Body composition was obtained by measuring the
impedance of the body (Bodyfat Analyzer TBF-105; Tanita
Corporation, Tokyo, Japan). Serum insulin concentration was
measured by radioimmunoassay. Nitrite concentration was
measured in plasma samples using EDTA as an anticoagu-
lant. After collection, blood samples were immediately
centrifuged at 2000 rpm at 4°C and plasma stored at
—20°C. Before assay, plasma was ultrafiltered through a
10-kDa molecular weight cutoff filter (Centricon 10; Milli-
pore, Bedford, Mass). Total plasma nitrite and nitrate were
measured using a colorimetric kit (Cayman Chemical Co,
Ann Arbor, Mich). Nitrate was converted to nitrite by nitrate
reductase and then nitrite was assayed by the standard Griess
diazo reaction. All determinations were done in triplicate.
The data are referred to as nitrite concentration but they

reflect the sum of nitrate and nitrite. Plasma free fatty acid
(FFA) was determined by an enzymatic method [33].

2.4. Calculations

The net forearm balance of nitrite was calculated by
multiplying the plasma arterial-venous concentration differ-
ence of each substrate by the plasma flow. Therefore, a
negative balance indicates substrate release, whereas a
positive balance indicates uptake. The differences in clinical
and metabolic characteristics before and after the 2 weeks of
treatment were analyzed using the paired Student ¢ test. The
data of vascular reactivity were analyzed by a 2-way repeated-
measure analysis of variance (SPSS, version 11.0, Chicago,
I11). Vascular reactivity data are expressed as absolute values
of FBF. Results are expressed as mean + SEM.

3. Results

The clinical and metabolic characteristics of the diabetic
patients, at baseline and after 2 weeks of observation, are
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Fig. 1. Insulin-mediated whole body glucose disposal in the 9 wine-treated diabetic patients (left panel) and in the 8 control diabetic patients (right panel).
Insulin was infused at the rate of 1 mU/kg of lean body mass per minute. The horizontal bars indicate the mean values.
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HbAlc Plasma insulin Total cholesterol Triglyceride FPG Glucose infusion rate
(%) (wU/mL) (mg/dL) (mg/dL) (mg/dL) (mg/kg per minute)
7.0 £ 0.27 52+ 1.0 211 £ 15 163 + 31 124 £ 10 279 £ 04

6.6 + 0.37 54+ 09 205 + 17 128 + 17 135 + 13 4.02 + 0.5%

75+ 0.5 5.0 £ 0.7 211 £ 8 162 + 35 135 + 12 397 £ 04

7.6 £ 0.5 4.7 + 0.7 200 + 15 158 + 49 117 £ 8 431 + 05

reported in Table 1. Body weight remained unchanged.
Similarly, fasting blood glucose, fructosamine, and plasma
insulin concentration did not change from their basal values.

3.1. Insulin clamp

The mean plasma insulin concentration during insulin
infusion increased to steady state levels of 112 + 11 and
122 £ 16 in the experiments performed at baseline and to
113 £ 10 and 113 £ 10 pU/mL in the wine-treated and
control diabetics, respectively. Blood glucose concentration
was kept constant in both the experimental settings (97 + 3

Wine treated diabetics
A

and 98 + 2 mg/dL, before and after wine, and 97 + 3 and
98 + 2 mg/dL in the control diabetics), by virtue of a
variable exogenous glucose infusion. In the basal state, FFA
concentration was 0.76 * 0.06 and 0.68 + 0.07 mmol/L
before and after wine in the wine-treated group, respectively,
and fell to similar levels during insulin infusion (0.11 £ 0.01
and 0.12 £ 0.02 mmol/L). In the control group, FFA
concentration was 0.77 & 0.1 and 0.75 £ 0.12 mmol/L in the
basal state of the baseline and 2-week study, respectively,
and fell to similar levels during insulin infusion (0.13 £ 0.01
and 0.10 £ 0.02 mmol/L, respectively).

Control diabetics
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Fig. 2. Upper panel, Forearm blood flow response to Ach infusion in the wine-treated diabetic patients (A panel) and in the control diabetic patients (B panel) at
baseline and after 2 weeks. Lower panel, Forearm blood flow response to NP infusion in the wine-treated diabetic patients (A panel) and in the control diabetic

patients (B panel) at baseline and after 2 weeks.
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The amount of glucose metabolized by the whole body
during the euglycemic hyperinsulinemic clamp study in the
wine-treated diabetic and in the control diabetic patients is
shown in Fig. 1. Two weeks of wine consumption increased
by 43% insulin-mediated whole body glucose disposal
(from 2.79 + 0.4 to 4.02 £ 0.5 mg/kg of lean body mass
per minute, P = .02). The improvement in insulin
sensitivity was remarkable in 7 out of the 9 patients studied,
whereas it was minimal in the remaining 2. In contrast, the
whole body glucose uptake did not change significantly in
the 8 diabetic patients who did not consume wine (from
397 £ 04 to 431 £ 0.5 mg/kg of lean body mass per
minute, baseline and 2-week study, respectively, P = not
significant [NS]).

3.2. Vascular reactivity

The response to the endothelium-dependent vasodilator
Ach is shown in Fig. 2. A dose-dependent increase in FBF
was observed in all patients. The values reached with the
highest Ach dose were 10.2 £ 1.2 and 10.9 =+ 1.8 mL/dL
per minute before and after the 2 weeks of wine ingestion,
respectively (P = NS). Similarly, the Ach infusion induced
a comparable increase in FBF in the baseline and in the
2-week study in the control diabetics (12.6 £ 2.3 and 10.5
+ 2.9 mL/dL per minute, respectively). There were no
significant differences in the FBF response to Ach between
the 2 groups of diabetics.

In the group of diabetic patients consuming the red wine,
we measured the forearm nitrite balance to confirm the lack
of effect of chronic alcohol administration on the NO
release. In agreement with the FBF data in response to Ach,
forearm NO production after Ach infusion remained
unchanged in the diabetic patients (0.76 + 2.2 and
1.39 + 5.6 nmol/dL per minute, before and after wine
treatment, respectively, P = NS) (Table 2).

The response of FBF to NP is depicted in Fig 2. Similar
to endothelium-dependent vasodilation, the response of FBF
to NP, an endothelium-independent vasodilator, did not
differ before and after wine consumption (16.8 + 2.1 and
14.0 £ 1.8 mL/dL per minute, at the highest NP infusion
rate, respectively, P = NS) and in the baseline and 2-week
study in the control diabetic patients (14.1 + 1.6 and 13.6 +
1.1 mL/dL per minute, at the highest NP infusion rate,
respectively, P = NS). The response to NP infusion was
similar in the 2 groups of diabetic patients.

Table 2
Forearm nitrite balance before and during intrabrachial Ach infusion at
baseline and after 2 weeks of wine consumption in 9 type 2 diabetic patients

Forearm nitrite balance
(nmol/dL per minute)

Baseline Basal —0.59 + 1.2%
After Ach 0.76 + 2.2
After wine Basal 038 £ 1.3
After Ach 1.39 + 5.6

% Mean + SE.

Inhibition of basal NO bioactivity by intraarterial infusion
of L-NMMA reduced FBF to similar levels in both studies
(2.55 £ 0.4and 2.18 + 0.3 mL/dL per minute before and after
wine, and 1.62 + 0.1 and 1.41 £ 0.2 mL/dL per minute in the
baseline and 2-week study in the control diabetic patients,
respectively, P = NS). No significant differences were
present in the response to L-NMMA between the 2 groups
of diabetic patients.

4. Discussion

This study demonstrates that red wine consumption for 2
weeks improves insulin-resistance in type 2 diabetic
patients without affecting vascular reactivity. In particular,
we show that in a population at high risk for cardiovascular
diseases, such as the diabetic patients, red wine consump-
tion does not affect either the endothelium-dependent or the
non—endothelium-dependent components of vascular reac-
tivity or NO release from the forearm vessels. In contrast,
insulin-mediated whole body glucose metabolism improved
after 2 weeks of red wine consumption.

Because diabetic patients are at very high risk for CAD
or stroke [15], identifying and correcting risk factors for
cardiovascular diseases in this population represent an
important task of the scientific community. Type 2 diabetic
patients are characterized by the coexistence of both
endothelial dysfunction and insulin resistance, and both
abnormalities are considered as key factors in the develop-
ment of cardiovascular complications [1-7,15]. It is also
relevant that endothelial dysfunction and insulin-resistance
are more than simply associated defects in the diabetic
patients. There is reason to believe that these defects may
interact with each other, thus generating a deleterious
vicious cycle [12,13]. Therefore, endothelial dysfunction
and insulin-resistance must be considered major targets of
any intervention aimed at reducing cardiovascular mortality
in diabetic patients.

Alcohol consumption is associated with reduction in
cardiovascular mortality both in the general population and in
type 2 diabetic patients as well [17-28]. This observation is so
consistent that the American Diabetes Association has
included the suggestion of allowing moderate alcohol
drinking into its recommendations for the treatment and
prevention of diabetes [34]. However, the exact mechanisms
behind the reduction in cardiovascular complications due to
the use of alcoholic beverages are still a matter of speculation.
First, alcohol consumption may be associated with reduction
of serum concentration of total cholesterol and low-density
lipoprotein cholesterol, and increase in high-density lipo-
protein cholesterol [35-37]. However, several epidemiolog-
ical data have failed to demonstrate that alcohol consumption
is consistently effective in triggering such mechanism both
in the general population and in type 2 diabetic patients,
even in the presence of positive effects on cardiovascular
complications [38-43]. In our study, we did not observe any
change in total cholesterol concentration, suggesting that 2
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weeks of red wine consumption in type 2 diabetic patients
might be too short a treatment to modify this parameter.

Some studies [27,38] have shown that red wine
consumption might have more beneficial effects than
other alcoholic beverages. Substances with antioxidant
properties, such as flavonoids, present in red wine, fruits,
vegetables, and nuts improve endothelial dysfunction in
patients with CAD [28]. In the present study, we decided
to use red wine to combine the potential properties of
ethanol and other substances contained in red wine,
supposed to improve endothelial dysfunction. Compared
with a group of 11 matched healthy subjects studied in
our laboratory (data unpublished), the diabetic patients
show severe endothelial dysfunction (at the highest Ach
dose, FBFs were 23.8 + 3.3 and 10.2 + 1.2 mL/dL per
minute in healthy subjects and diabetic patients, respec-
tively, P = .001). However, we demonstrate that 2 weeks
consumption of red wine was ineffective in improving
endothelial dysfunction in our diabetic patients. On the
other hand, the fact that 2 weeks of purple grape juice
drinking has been able to improve endothelial dysfunction
in patients with CAD [28] suggests either that endothelial
dysfunction in diabetes is linked to different mechanisms
or that the correction of this defect requires a longer
period of wine use.

A consistent observation in studies on the effect of
alcoholic beverages in diabetic patients is the reduction of
circulating insulin concentration [20,36,44-46]. Both circu-
lating insulin concentration and insulin-resistance have been
implicated in the development of cardiovascular complica-
tions [46-48]. Some epidemiological data suggest that
alcoholic beverages might regulate insulin sensitivity [19].
However, these data have been obtained with a very indirect
approach, that is, the assessment of insulin sensitivity by
HOMA index. In addition, there are no data on the basis of
intervention studies [49]. The present study, on the basis of
an interventional approach, provide the first evidence for a
direct effect of red wine on insulin resistance in type 2
diabetic patients. Indeed, the hyperinsulinemic euglycemic
clamp is considered the gold standard for the measurement
of insulin sensitivity, and the observed 43% improvement in
insulin resistance is hard to achieve by lifestyle measures or
any pharmacological intervention.

An interesting implication of our study is that the
mechanism by which red wine consumption improves
insulin resistance is not mediated by or linked to endothelial
dysfunction. Previous studies have suggested that endo-
thelial dysfunction and insulin resistance may be linked
by a cause-and-effect relationship [12-14,48]. We show
that alcohol ingestion acts on the insulin resistance of
diabetic patients by a mechanism that does not involve
amelioration of endothelial dysfunction or changes in
NO production.

The mechanisms and the signals involved in the effect
of red wine on insulin sensitivity remain to be determined.
The inhibitory effect of alcohol on gluconeogenesis is

unlikely to have played a role, because hepatic glucose
output is completely suppressed by the insulin concentra-
tion achieved during the clamp studies [32]. Moreover, the
plasma concentration of FFAs, which are well recognized
competitors of glucose for muscle and adipose tissue
uptake, was equally reduced in the studies performed
before and after the 2 weeks of wine consumption.
Interestingly, moderate alcohol consumption activates
Akt, an intermediate of intracellular insulin signaling, as
demonstrated in mice myocardial cells [50]. One is
tempted to speculate that chronic red wine consumption
might have affected insulin resistance in the present study
by a direct action on intracellular insulin signaling.

In conclusion, the present study demonstrates that a
2-week consumption of red wine attenuates substantially
insulin resistance in type 2 diabetic patients, independent
of changes in endothelial function and NO availability. The
data are relevant in view of the pivotal role played by
insulin resistance in the pathogenesis of diabetes and
metabolic syndrome, and the associated cardiovascular
complications. They also provide further support to the
recommendation to adopt this simple, effective, and, not
least, enjoyable lifestyle measure.

4.1. Study limitations

This study provided a negative finding with regard to
one of its end points, that is, endothelial dysfunction. It
might be argued that the current approach did not have
sufficient sensitivity to reveal an effect of red wine on
vascular reactivity. We believe this was not the case. Using
exactly the same experimental setting, we have been
previously able to show relevant differences in vascular
reactivity in various clinical conditions, including chronic
heart failure and endocrine diseases [29,30]. For obvious
reasons, this study could not be placebo-controlled.
Therefore, the meaning of including a control group is
restricted to the need to provide some reassurance that the
main parameters, measured at 2-week interval, were not
affected by either biological or technical variability.
Finally, the treatment with red wine lasted 2 weeks, which
leaves open the possibility that a much longer treatment
may also affect vascular dysfunction. However, the novel
aspect of the study is that an improvement in insulin
sensitivity may be induced by a short-term wine con-
sumption through mechanism(s) independent of endothe-
lial function.
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