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Red wine alters the glucose-insulin relationship when consumed alone after a meal
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Abstract
The aim of this study was to assess the effect of a small-moderate dose of red wine on the level of serum insulin and plasma
glucose before and after a meal. A total of 18 non-diabetic males aged between 19-22 years participated in the current
investigation. In the fasting trial participants underwent a 6 hour fast before consuming 4 standard units of red wine (40g
alcohol) or the equivalent amount of placebo over a period of 135-min. Food was then presented alone for 45-min.
Alternatively, in the feeding trial food was consumed for 45-min prior to participants ingesting 4 standard units of red wine
(40g alcohol) or the equivalent amount of placebo over a 135-min period. The serum insulin and plasma glucose level was
assessed at regular 45-min intervals across the four 180-min experimental periods. The results showed a significant alcoholinduced decrease in postprandial glucose and no significant change in serum insulin concentration when red wine is
consumed alone following a meal. Alternatively, the ingestion of red wine alone prior to food promoted a significant
reduction in serum insulin concentration despite preprandial glucose remaining unchanged. It was concluded that red wine
may promote an alteration in the feedback mechanism by which plasma glucose controls the insulin rate, which under
specific conditions could potentially provide some health benefits to diabetic individuals.
Keywords: alcohol, insulin, feeding, wine, glucose, fasting
if consumed under certain conditions may promote some
impairment to the usual glucose-insulin feedback
relationship.

Introduction
Early studies aimed at investigating fasting insulin-glucose
relationships have suggested the existence of a “feedback”
mechanism by which the synthesis of insulin is regulated by
the plasma glucose level.1 In non-diabetic individuals a
meal high in carbohydrate causes a sudden increase in
postprandial glucose, which stimulates insulin release by the
-cells in the pancreas.2 Following food intake, plasma
insulin usually remains elevated until the blood glucose
level begins to drop and often a decrease in insulin secretion
does not occur until several hours later.3

Red wine contains resveratrol, a potent anti-oxidant with
known hypoglycaemic and hypolipidemic properties. 7 Data
obtained from animal studies using diabetic rats has shown
that resveratrol treatment can simultaneously promote a
significant decrease in plasma glucose and a significant
increase in plasma insulin.8 Moreover, the added
observation that a small-moderate dose of red wine may
improve insulin sensitivity9 has led researchers to suggest
that red wine ingestion may provide some health benefits to
type 2 diabetic patients.

Alcohol can artificially lower the plasma glucose level
without the mediation of insulin when consumed prior to
food,1 due to the ability of alcohol to inhibit
gluconeogenesis.4 Clinical “Alcohol Hypoglycaemia”
characterized by an abnormally low blood glucose and
impairment in ketogenesis was reported in a large number
of patients at least four decades ago.5 The degree of
hypoglycaemia was noted to be variable and significantly
related to the period of food deprivation at the time alcohol
is consumed.6 Thus, suggesting the possibility that alcohol
____________________________________

In fasted individuals a moderate-large amount of alcohol
does not stimulate insulin secretion,10 with a lower rate11
and/or no change12 in the level of fasting insulin being
observed following moderate alcohol intake. However, the
consumption of a small-moderate amount of alcohol after a
high carbohydrate meal can significantly lower the level of
plasma insulin with a non-significant trend for a lowering of
postprandial glucose also being observed.13 Alternatively,
when alcohol ingestion precedes food intake the consumed
alcohol can potentiate the insulin stimulating properties of
glucose and promote a rapid release of insulin. 14 Thus,
consuming alcohol before, after, or with food could be an
important factor that if not controlled for could likely
contribute to variability in the insulin data.
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The consumption of a small-moderate amount of red wine is
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often promoted as being beneficial to cardiac health.15, 16,17
Red wine has been shown to have a positive effect on lipid
production and may protect against the development of
metabolic syndrome and its associated cardio-metabolic
derangements.18 Of concern is that there is an absence of
ecologically valid data relating to the effect of commercially
available red wine on serum insulin and plasma glucose
under variable nutritional conditions. Any dysregulation in
the glucose-insulin feedback mechanism could negatively
alter the availability of energy for cells so it is vital that the
exact effect of consuming commercially available alcohol
on glucose production and utilization is understood before
any amount of alcohol is promoted as being beneficial to
health.

acetoacetic acid). Blood alcohol readings (BAL) were
performed using a Lion alcometer™ (Lion laboratories
Limited, Cardiff. UK). The alcohol used in both alcohol
trials was Penfold‟s Rawson‟s Retreat 2007 cabernet
sauvignon red wine containing 14% alcohol (Penfolds
wines, Magill, South Australia). Edenvale de-alcoholised
red wine containing < .5% alcohol (JMB Beverages Pty Ltd,
Hornsby, New South Wales) was used as a placebo.
Procedure
The alcohol/placebo feeding and alcohol/placebo fasting
trials were held on separate occasions with at least a threeweek interval between trials. Blood alcohol readings taken
prior to the commencement of all trials showed a zero blood
alcohol level (BAL) in all participants. Participation in all
trials was preceded by a six hour fast, which commenced at
1100 h (Eastern Standard Time) and testing for all trials
began at 1700h. In order to minimize discomfort to
participants a catheter was fitted to facilitate repeated blood
sampling.

The aim of this study is to clarify the effects of a smallmoderate amount of commercially available red wine on the
glucose-insulin feedback relationship when red wine is
ingested alone before and after a high carbohydrate meal.
Methods
Participants
A total of 18 non-diabetic adult males aged between 18 to
22 years participated in this investigation. Participants were
excluded if they reported: a history of psychiatric illness;
any neurological conditions; any major physical compliant;
a history of drug use; taken any prescription medication
within the last seven days, or; satisfied the DSM-IV-TR
criteria for alcohol abuse and/ or dependence (American
Psychiatric Association, 2000).

Fasting trial
Upon arrival participants were asked to provide a 50ml
urine sample for urinalysis prior to having 10ml of blood
drawn from the left forearm for assessment of plasma
glucose and serum insulin. Following the blood taking
procedure participants slowly ingested a total of four
standard units of red wine (40g alcohol) or the equivalent
volume of placebo over a 135-min period. Blood sampling
for the assessment of plasma glucose and serum insulin,
measurement of BAL, and urinalysis was performed
regularly at 45-min intervals between 1700h and 1915h.
Food and a non-alcoholic beverage in the form of a large
non-vegetarian pizza and at least 200ml Cola soft drink was
provided at 1915 h and readings for all parameters were
taken once participants had finished eating at 2000 h. Wine
and placebo ingestion was monitored to ensure that the rate
of consumption was the same for all participants during the
study. At the completion of the alcohol trial all participants
reported moderate intoxication. No subject experienced
gastrointestinal or other distress during the course of the
study.

Participants were all white Caucasians of Australian or
European descent, and no participant was obese. All
participants fitted the profile of „social‟ drinkers consuming
an average of 10.3 standard units (SD = 7.21 U) of alcohol
(i.e. each containing 10g/alcohol), on an average of 8.8 days
(SD = 4.9 U) per month.
Subject participation was obtained by informed consent.
Approval for the study was granted by the La Trobe
University Human Ethics Committee, who determined that
the procedures were consistent with the ethical guidelines
for human research set by the National Health and Medical
Research Council of Australia.

Feeding trial
Food and a non-alcoholic beverage in the form of a large
non-vegetarian pizza and at least 200ml Cola soft drink was
consumed by participants between 1700 h and 1745 h.
Participants provided a 50ml urine sample for urinalysis
prior to having 10ml of blood withdrawn from their left
forearm for the assessment of serum insulin and plasma
glucose upon arrival and following food intake. All
participants were then required to slowly ingest four
standard units of red wine (40g alcohol) or the equivalent
volume of placebo over a 135-min period. Wine and
placebo ingestion was monitored to ensure that the rate of
consumption was the same for all participants during the
135-min experimental period. Blood sampling for the
assessment of serum insulin and plasma glucose, and
urinalysis was performed at regular 45-min intervals
between 1700 h and 2000 h. At the completion of the

Measures and Equipment
Serum insulin was assessed utilising Cobas Elecsys 2010®
radioimmunoassay (Roche Diagnostics, Indianapolis, IN,
USA). The analytical sensitivity (lower detection limit) of
this assay is 0.20 U/ml, and the intraassay coefficient of
variation was 4.9% at 6.85 U/ml, 3.7% at 16.7 U/ml, and
3.4% at 55.1 U/ml. Staff at Analytic Reference
Laboratories (St Kilda Road, Melbourne, Australia), who
were blind to the experimental procedure, performed all
biochemical analyses. Plasma glucose was monitored using
a Caresens® (i-SENS Inc, Korea) blood glucose monitoring
system. The functional sensitivity of this assay has a lower
detection limit of 0.50 IU/ml. Semi-quantitative urinalysis
was performed using Labstix™ (Bayer Australia Limited)
to measure ketones (sensitivity was 0.5-1.0 mmol/L
2
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alcohol trial all participants reported mild feelings of
intoxication. No subject experienced gastrointestinal or
other distress during the course of the study.

classed as significant if the calculated probability was less
than .05.
Results
Ketones were detected by urinalysis in all the participants
prior to participation in the fasting and feeding trials, which
confirmed that all participants had complied with the fasting
conditions.

Data Analysis
A 2 x 4 mixed design Analysis of Variance (ANOVA) with
Trial (feeding, fasting) as the „between subjects‟ factor and
Time (Baseline, 45-min, 90-min, 135-min) as the „within
subjects‟ factor was used to compare the effect of red wine
and placebo on plasma glucose and serum insulin
concentration under feeding and fasting conditions. A 2 x 2
mixed design ANOVA with Trial (feeding, fasting) as the
„between subjects‟ factor and Time (135-min, Food) as the
„within subjects‟ factor was used to compare the effect of
consuming red wine and placebo prior to food on plasma
glucose and serum insulin concentration. Results were

Fasting Trial
The consumption of four standard units (40 g alcohol) of
red wine under fasting conditions resulted in ketone
production ceasing in 50% of participants at 90-min and all
but one participant at 135-min. The average effect of
consuming red wine prior to food on the level of plasma
glucose and serum insulin is graphically presented in
Figures 1A and 1B, respectively.
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Figure 1: Mean plasma glucose (A) and mean serum insulin (B) concentration at Baseline and during consumption of red
wine containing 40g alcohol or placebo (45-135min). Data are presented as the mean ± SEM. N = 18.
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Figure 2: Mean insulin-glucose relationship during consumption of red wine containing 40g alcohol (A) or placebo (B) at
Baseline and under fasting conditions (45-135 min). Data are presented as the mean ± SEM. N = 18.
The 2 x 4 mixed design ANOVA analysis revealed a nonsignificant main effect for Time (F (3, 45) = 1.89, P = .145),
non-significant main effect for Trial (F (1, 15) = 2.71, P =
.12), and non-significant Time x Trial interaction (F (3, 45)
= 1.47, P = .236) when plasma glucose was compared in the
two fasting trials. Alternatively, a significant main effect for
Time (F (3, 48) = 4.76, P < .01) and significant Time x Trial
interaction (F (3, 48) = 2.68, P = .05) was noted in serum
insulin concentration. The Trial main effect was not
significant (F (1, 16) = 2.30, P = .15). Post hoc analysis
revealed the level of serum insulin in the alcohol trial was
significantly lower at 45-min. The average effect of

consuming red wine prior to food on the glucose-insulin
feedback relationship is graphically presented in Figures 2A
and 2B, respectively.
Feeding Trial
Food consumption in the feeding trial inhibited ketone
production in all participants confirming that participants
were not fasted prior to alcohol being consumed. However,
ketones were detected in the urine of 50% participants at
90-min in the alcohol trial (only). The mean plasma glucose
and serum insulin level measured in the feeding trials is
graphically presented in Figures 3A and 3B, respectively.
4
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Figure 3: Mean insulin-glucose relationship at Baseline and after Food and during consumption of red wine containing 40g
alcohol (A) placebo (B). Data are presented as the mean ± SEM. N = 18.
The 2 x 4 mixed design ANOVA analysis revealed a
significant main effect for Time (F (3, 48) = 20.69, P <
.001) and non-significant main effect for Trial (F (1, 16) =
2.70, P = .12) for plasma glucose. However, this was
modified by a significant Time x Trial interaction (F (3, 48)
= 26.75, P < .001). Post hoc analysis revealed the level of
plasma glucose in the alcohol trial was significantly lower at
45-min. Alternatively, when serum insulin was compared in
the two feeding trials the main effect for Trial (F (1, 16) =
4.27, P = .06), main effect for Time (F (3, 48) = .91, P =
.44), and Time x Trial interaction (F (3, 48) = .64, P = .59),
were all non-significant. The average effect of consuming

red wine after food on the glucose-insulin relationship is
graphically presented in Figures 4A and 4B, respectively.
Red Wine Prior to Food
The average effect of consuming red wine containing 40g
alcohol prior to food on the level of plasma glucose and
serum insulin is graphically presented in Figures 5A and
5B, respectively.
The 2 x 2 mixed design ANOVA produced a significant
main effect for Time (F (1, 15) = 41.58, P < .001) and
significant Time x Trial interaction (F (1, 15) = 6.20,
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Figure 4: Mean insulin-glucose relationship at Baseline and after Food and during consumption of red wine containing 40g
alcohol (A) placebo (B). Data are presented as the mean ± SEM. N = 18.
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Figure 5: Mean plasma glucose (A) and mean serum insulin (B) concentration after consumption of red wine containing 40g
alcohol or placebo (135min) and after Food. Data are presented as the mean ± SEM. N = 18.
does not stimulate insulin secretion 10 and may even lower
the rate of insulin synthesis.11 Furthermore, the fasting
serum insulin data provides some support, albeit small, for
the suggestion that ingestion of alcohol prior to food may
promote symptoms of frank clinical diabetes due to alcoholinduced impairment in insulin secretion.20 However, while a
significant lowering of serum insulin was noted in the
fasting trial this appeared to be transient with the level of
serum insulin gradually increasing after more than three
standard units of red wine (> 30g alcohol) had been
consumed by fasted participants.

P = .03) for plasma glucose. However, the Trial main effect
was not significant (F (1, 15) = .77, P = .40). Post-hoc
analysis revealed the level of plasma glucose was higher
after food in the alcohol trial. Similarly, a significant main
effect for Time (F (1, 16) = 47.96, P < .001) and nonsignificant main effect for Trial (F (1, 16) = 1.35, P = .26)
was noted for serum insulin. However, the Time x Trial
interaction was not significant (F (1, 16) = 1.95, P = .18),
suggesting the significant food-induced elevation in serum
insulin in the two fasting trials was the same.
Discussion
The results showed that the consumption of red wine prior
to food can result in a significant decrease in the level of
serum insulin despite preprandial glucose concentration
remaining unchanged. However, when food is consumed
after ingestion of four standard units of red wine (i.e. 40g
alcohol) the consumed alcohol can increase postprandial
glucose while the level of serum insulin is similar to that
noted with a placebo. Alternatively, the consumption of
four standard units of red wine after food does not
significantly alter the level of serum insulin despite a
significant alcohol-induced lowering of postprandial
glucose.

Food intake by increasing the level of plasma glucose
concentration,2 usually promotes a gradual increase in
insulin release until the level of postprandial glucose begins
to drop several hours later.3 We have previously reported
that the consumption of white wine alone after a meal can
promote a significant decrease in the level of serum
insulin.13 However, the serum insulin data obtained in the
feeding trail appears to be at odds with this claim despite
both studies being conducted under similar experimental
conditions. Thus, the effect of consuming red and white
wine alone after a meal on serum insulin concentration is
not the same and the data may be highlight that only the
ingestion of red wine after food may impair the glucoseinsulin feedback mechanism.

Early work suggests that alcohol can artificially lower the
plasma glucose level without the mediation of insulin when
consumed prior to food.1 It is well accepted that alcohol can
inhibit gluconeogenesis,4 and promote the development of
clinical Alcohol Hypoglycaemia5 with the degree of
hypoglycaemia significantly related to the nutritional status
of the individual when alcohol is consumed.6,19 However,
we did not observe any significant alcohol-induced
alteration in preprandial glucose concentration following a
six hour fast. Thus, consuming red wine under fasting
conditions does not appear to impair glucose production.
The results of the present study support the suggestion that
in fasted individuals a moderate-large amount of alcohol

The significant alcohol-induced alteration in plasma glucose
noted in the red wine feeding trial may have occurred due to
red wine (unlike white wine) containing resveratrol, a potent
anti-oxidant, with known hypoglycaemic properties.7 As
already mentioned, resveratrol treatment can promote a
significant decrease in blood glucose while at the same time
promoting a significant increase in plasma insulin.8 Animal
data has suggested that red wine may have a positive effect
on lipid production and may protect against the
development of metabolic syndrome and its associated
cardio-metabolic derangements.18
However, further
7
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investigation is required before the exact mechanism
responsible for the significant alcohol-induced decrease in
postprandial glucose that has been reported here can be
identified.

in thiamine absorption.22 A major consequence of thiamine
deficiency is an irregularity in glucose metabolism, 23 which
could impair the biosynthesis of insulin.24 However, more
research is required before this can be determined.

The finding that postprandial glucose is significantly
decreased if red wine is consumed after a high carbohydrate
meal could imply that ingesting red wine may encourage the
development of a hypoglycaemic condition. Moreover, if
we consider these glucose findings together with the
urinalysis data from the red wine trial it would not be
unreasonable to suggest that insulin sensitivity remains
unaltered (or even increases) during red wine consumption.
Urinalysis only detected ketone bodies in the urine of
participants who had consumed red wine with ketones
present in 67% of participants after < 30 g alcohol and in all
but one participant after 40 g alcohol. Therefore, the level of
insulin did not appear to be elevated due to the development
of an insulin-resistant state. Experimental animal research
has suggested that a small-moderate dose of red wine may
improve insulin sensitivity9 and the results of this study are
to some extent consistent with these findings. Thus, this
study could add further support for the suggestion that
small-moderate red wine ingestion may provide some health
benefits to diabetics.

The role of histamine in the brain is to enhance the supply
of glucose to cells when the organism is presented with a
metabolic challenge.25
Activation of hypothalamic
histamine in response to glucoprivation may modulate
homeostatic control of energy supply in the brain by
activating glycogenolysis during energy depletion. Thus,
histamine in response to an energy deficit may play an
essential role in glucose utilization through glycogenolytic
processes in the hypothalamus.26The consumption of red
wine can promote histamine release and the increase in
histamine synthesis is not a general alcohol-induced effect,
but specific to red wine alone.27 The red wine consumed in
this study was relatively immature by red wine standards,
being only bottled in 2007. Wines that have been cellared
for short periods contain a higher histamine concentration28
as the histamine found in red wine is produced at the
beginning of the aging process.29 Therefore, it is could be
that the histamine content in the red wine consumed during
this study was fairly high, which may have promoted
glycogenolysis in the hypothalamus. This could have
resulted in sufficient energy being produced to meet the
needs of the brain leading to a decrease in ketone
production and increase in serum insulin in most (but not
all) participants. Therefore, the consumption of a smallmoderate amount of red wine prior to a meal, unlike white
wine,12 might not create a metabolic challenge for cells
located in the CNS.

Pizza was the food consumed by participants in this study
due to previous work demonstrating that ingestion of pizza
can result in a significant elevation in plasma glucose over
the course of 4-9 h.21 However, inspection of the raw
plasma glucose data in the feeding trial revealed an alcoholinduced trend for a gradual reduction in plasma glucose
concentration after the pizza meal. Moreover, the significant
alcohol-induced decrease in postprandial glucose noted with
red wine in the feeding trial is consistent with the nonsignificant trend for an alcohol-induced lowering of
postprandial glucose reported for white wine under similar
experimental conditions.13 Thus, the results here suggest
that ingesting red wine alone after a meal may alter glucose
production.

The results of this study have demonstrated that the prior
nutritional status of the individual can significantly
influence the effect of red wine on glucose production and
utilization. The consumption of a small-moderate amount of
red wine alone prior to a meal can significantly decrease
serum insulin concentration despite the level of preprandial
glucose remaining unchanged. Alternatively, consuming red
wine following a meal can significantly decrease the level
of postprandial glucose independent of any significant
alteration in serum insulin concentration. These findings
could suggest that red wine may promote an alteration in the
feedback mechanism by which plasma glucose controls the
insulin rate. A lowering of plasma glucose in conjunction
with a sustained increase in serum insulin may have
potential health benefits to some diabetic individuals.
However, any alteration in the glucose-insulin feedback
relationship is likely to have some influence on cellular
energy utilization, which over time could potentially be
detrimental to the health of non-diabetic individuals.

When alcohol ingestion precedes food intake the consumed
alcohol can potentiate the insulin stimulating properties of
glucose and promote a rapid release of insulin.14 However,
while food intake significantly increased the level of serum
insulin in the fasting trial, the ingestion of red wine prior to
food did not appear to potentiate the insulin stimulating
properties of glucose despite a significant alcohol-induced
increase in plasma glucose production when compared to
placebo being recorded.
A significant alcohol-induced decrease in the level of
fasting serum insulin was noted after ingestion of less than
15g alcohol and the data here does not allow for the
identification of the mechanism responsible for the alcoholinduced decrease in serum insulin under fasting conditions.
However, by way of explanation we would like to suggest
that the data could be implying that it is only when red wine
is consumed alone prior to food that a thiamine deficient
state occurs. It is well accepted that when alcohol enters the
body the ability of cells to maintain the store of thiamine is
severely compromised due to alcohol-induced impairment
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