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Abstract Objectives: This study, which to the best of our knowledge is the first of its kind, aimed to determine
the acute and long-term effects of the consumption of grape and pomegranate juices on endothelium function
in adolescents with metabolic syndrome, and to compare the effects of these two kinds of juices. Methods: This
randomised controlled clinical trial was conducted in 2008 among 30 adolescents, aged 12–15 years, with
metabolic syndrome. Participants were randomly assigned to two groups of equal number; one group was
asked to drink 18 millilitre per kilogram per day of natural grape juice and the other group was asked to drink
240 millilitre per day of natural pomegranate juice once daily for 1 month. Juices were homemade without
any added sweetener. Basal brachial artery dimension and flow-mediated dilation as an index of endothelial
function and endothelial-dependent dilation after receiving nitoglycerin spray were evaluated by high-
resolution B mode ultrasonography before juice consumption, 4 hours and 30 days after regular daily
consumption. Results: Flow-mediated dilation at 90 seconds and after nitoglycerin significantly improved at
4 hours and at 1 month after drinking both kinds of juices, without significant difference between the two
groups. The change at 1 month versus 4 hours was significant only in the grape juice group. Conclusion: Daily
consumption of diets rich in antioxidants might improve endothelial function in adolescents with metabolic
syndrome. These effects began as soon as 4 hours after juice consumption. Such beneficial effects should be
considered in dietary recommendations for the paediatric age group, notably in obese individuals.
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P
AEDIATRIC METABOLIC SYNDROME IS BECOMING AS

an emerging health problem even in low- and
middle-income countries.1 It is independently

associated with arterial endothelial dysfunction and
wall thickening, key early events in atherogenesis
and markers of arterial damage that precede plaque

formation. Atherosclerosis is a complex multi-
factorial disease, the earliest stages of which are
known to commence in childhood.2

Patients with metabolic syndrome are at con-
siderable risk for developing atherosclerosis-related
diseases, including a two- to fourfold increased risk
of stroke and a three- to fourfold increased risk of
myocardial infarction compared with those without
metabolic syndrome.3

Lifestyle interventions, including healthy diet,
have been shown to affect endothelial function.4,5
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Improvement of endothelial dysfunction is a potential
mechanism by which antioxidants in the diet may
prevent cardiovascular events.6 The evidence suggests
that those individuals with the highest flavonoid
intake have modestly reduced risks for cardiovascular
disease.7–9 Flavonoids are polyphenol derivatives of
2-phenyl-1-benzopyran-4 to 1 and are present in
fruits, nuts, and seeds.3 Pomegranate juice may have
anti-atherosclerotic properties in mice and humans. It
contains antioxidants such as soluble polyphenols,
tannins, and anthocyanins, and may decrease carotid
artery intima-media thickness after 1 year in humans.10

Furthermore, the flavonoids found in grape juice are
shown to be powerful antioxidants that improve
endothelial function.11

Considering the increasing prevalence of metabolic
syndrome in youths and its association with endothe-
lium dysfunction, and the lack of studies on the effect
of dietary antioxidants on endothelium function in
children and adolescents with metabolic syndrome,
the present study aimed to determine the short- and
long-term effects of the consumption of grape and
pomegranate juices on endothelium function in
adolescents with metabolic syndrome, and to compare
the effects of these two kinds of juices.

Methods

Participants
This randomised controlled clinical trial was
conducted in January and February, 2008 among
30 adolescents, aged 12–15 years, with metabolic
syndrome. We used the definition of the Interna-
tional Diabetes Federation for paediatric metabolic
syndrome, which includes the clustering of obesity,
waist circumference equal to or more than age- and
gender-specific 90th percentile; triglycerides equal
to or more than 150 milligrams per deciliter; high-
density lipoprotein-cholesterol less than 40 milli-
grams per deciliter; and systolic blood pressure
equal to or more than 130 millimetre mercury, and
or diastolic blood pressure equal to or more than 85
millimetre mercury, and fasting blood glucose equal
to or more than 100 milligrams per deciliter.12

By considering a 5 0.05 and a power level of 0.8,
the sample size was calculated as 14 in each group,
but considering the attrition of participants during
the follow-up period, 30 adolescents, 15 in each
group, were included in the trial. Participants were
selected through a randomisation procedure from
among those children referred by health-care centres
and schools to the Obesity and Metabolic Syndrome
Research Clinic of the Pediatric Preventive Cardiol-
ogy Department, Isfahan Cardiovascular Research
Center, a collaborating centre of the World Health

Organization. Those participants with syndromal
obesity, endocrine disorders, the presence of any
physical disability, and or history of chronic
medication use were excluded from the survey.

The study was conducted according to the
Declaration of Helsinki, and was approved by ethics
committee of our research centre, National Institute
of Health Code: FWA 0000t8578. After providing
detailed oral information to children and parents,
written informed consent was obtained from the
parents of all eligible participants.

Anthropometric measurement and clinical examination
Age calculated from birth until the interview date was
recorded. Height and weight were measured to the
nearest 0.1 centimetre and 0.1 kilogram, respectively,
by calibrated scale and stadiometer, Seca, Japan, with
participants barefoot and lightly dressed. As a measure
of obesity, body mass index was calculated as weight
in kilograms divided by the square of height in metre.
Waist circumference was measured at a point midway
between the lower border of the rib cage and the iliac
crest at the end of normal expiration.13 Blood pressure
was measured using mercury sphygmomanometers
after 5 minutes of rest in the sitting position. The
participants were seated with the heart, cuff, and zero-
indicator on the manometer at the observer’s eye level.
All reading was taken in duplicate in the right arm.
The readings at the first and fifth Korotkoff phase
were taken as systolic blood pressure and diastolic
blood pressure, respectively. The average of the two
time measurements was recorded and analysed.14

Participants were instructed to fast for 12 hours
before the screening, and compliance with fasting was
determined by interview on the morning of the
examination. One parent accompanied his/her child.
Blood samples were taken from the left antecubital
vein between 8:00 and 9:30 am. The blood samples
were centrifuged for 10 minutes at 3000 revolutions
per minute within 30 minutes of venipuncture.
Fasting blood glucose, total cholesterol, high-density
lipoprotein-cholesterol, low-density lipoprotein-choles-
terol, and triglycerides were measured by an enzymatic
method using an auto analyzer; Hitachi, Japan. High-
density lipoprotein-cholesterol was determined after
dextran sulphate–magnesium chloride precipitation
of non-high-density lipoprotein-cholesterol.

Study of arterial reactivity

The same cardiologist conducted the measurement
of brachial arterial reactivity. Using the method
described previously,15 the diameter of the brachial
artery was measured from high-resolution B-mode
ultrasound images – ALOKA 5000 system, 7.5
megahertz transducer – at rest as basal brachial
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dimension, 90 seconds after cuff deflation in response
to reactive hyperaemia, endothelium-dependent dila-
tion or flow-mediated dilation, again at rest, and 3 to
4 minutes after receiving 400 micrograms sublingual
nitroglycerin producing endothelium-independent
dilation. The percent change of flow-mediated dilation
was calculated as the ratio of the brachial artery
diameter after reactive hyperaemia to the baseline
diameter; similar calculation was carried out for
nitroglycerin-mediated vasodilation.

The experiments were conducted in a quiet
environment, and no significant changes in heart rate or
blood pressure were observed. The cardiologist con-
ducting the sonographic studies was not aware of the
groups to which the participants had been assigned.

Intervention

After baseline testing, the participants were ran-
domly assigned to two groups of equal number, by
computer-generated random numbers using the
children’s record’s numbers in our clinic. One group
was asked to drink 18 millilitres per kilogram per
day of natural grape juice,10 and the other group
was asked to drink 240 millilitres per day of natural
pomegranate juice11 for 1 month. Emphasis was
placed on using homemade juice without added
sweetener, rather than the concentrated juice that
usually has a high-calorie content. Compliance with
regular consumption of the recommended type of
juice was determined by weekly phone calls to the
participants’ homes, and by visiting the participants
every 2 weeks.

The measurement of basal brachial dimension,
flow-mediated dilation, and endothelium-dependent
dilation was carried out before drinking grape and or
pomegranate juices, and was repeated 4 hours and
1 month after regular consumption of these juice, in
order to assess the acute and long-term effects of juice
on endothelium dilation, respectively. The whole
programme was offered free of charge.

Statistical analysis

Descriptive data are expressed as mean plus or
minus standard deviation. Baseline characteristics
and changes after intervention were assessed by
Wilcoxon signed-rank test. The prospectively
defined primary end points of the study were
endothelium-dependent dilation and flow-mediated
dilation and their changes after intervention.
Statistical analyses were performed by Statistical
Package for Social Science for Windows, version
15.0; SPSS Inc., Chicago, IL, USA, by using the
Mann–Whitney U-test. Statistical significance was
inferred at a two-tailed probability value of p less
than 0.05.

Results

The study had no dropouts. The mean, standard
deviation, age of participants was 13.4 (1.1) years.
The mean, standard deviation, body mass index was
27.1 kilogram per square metre, corresponding to
more than the 95th percentile, and there was no
significant change after the trial. Flow-mediated
dilation at 90 seconds and after nitroglycerin
improved significantly within 4 hours of drinking
juice in both groups. There was also significant
improvement after 1 month of regular consumption
of the aforementioned juices in both groups, but
basal brachial dimension only improved significantly
after 1 month of regular consumption of grape juice.
Although flow-mediated dilation at 90 seconds and
after nitroglycerin showed short- and long-term
improvement in both groups, there was no sig-
nificant difference between the two groups (Table 1).

The percent changes in the brachial artery
diameter at 4 hours and 1 month after daily drink-
ing grape and pomegranate juices versus baseline
diameter are presented in Table 2. The table shows
that within each group the percent changes of brachial
artery at 90 seconds and after receiving nitroglycerin
versus the baseline diameter were significant in both
the short- (at 4 hours) and long term (at 1 month).
The percent change at 1 month versus 4 hours was
significant only in the grape juice group. The percent
changes were not significant between the groups.

Discussion

This study, which to the best of our knowledge is
the first of its kind, demonstrates that the daily
consumption of natural grape and/or pomegranate
juice has acute and long-term benefits on endothe-
lium-dependent dilation and or flow-mediated dila-
tion of adolescents with metabolic syndrome.

Our findings are comparable to those of studies
conducted among adults. Sumner et al11 have
demonstrated for the first time that daily consump-
tion of pomegranate juice for 3 months may
decrease myocardial ischaemia and improve myo-
cardial perfusion in patients who have ischaemic
coronary heart diseases. The beneficial effects are
induced via improvement in flow-mediated dilation
or endothelial function. The study by Chou et al10

confirmed the beneficial effects of ingesting grape juice
on endothelial function of patients with coronary heart
disease. Similarly, Stein et al16 suggested that certain
natural antioxidants or flavonoids may exert more
dramatic effects on endothelial function, and that
ingesting moderate amounts of grape juice each day
may improve endothelial function in patients with
atherosclerotic vascular diseases. Folts et al17 suggested
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that moderate amounts of grape juice be included
among the five– to seven daily servings of fruits and
vegetables per day as recommended by the American
Heart Association to help reduce the risk of developing
cardiovascular diseases.

The inflammatory process associated with childhood
obesity appears to play a pivotal role in the develop-
ment of atherosclerosis.18,19 We have previously
documented that serum markers of inflammation and
oxidative stress may be associated with the early
inflammatory processes of atherosclerosis.15,20

The pro-inflammatory state of obese children is
accompanied by changes in the flow-mediated dilation
of the brachial artery, which shows early stages of
endothelial dysfunction, and we previously documen-

ted that obesity-related oxidative status is reversible
with a short-term weight-loss programme in children,
even if ideal body weight has not been attained.15

Several previous studies have documented that anti-
oxidant therapy by supplementation of vitamins can
improve endothelial function in children with hyper-
lipidemia.21–22 Although because of the short duration
of the trial, adolescents with metabolic syndrome had
no significant weight loss, but consumption of natural
anti-oxidants resulted to favorable changes in their
flow-mediated dilation. This finding might provide
new insights into the underlying process of the
development of atherosclerosis; moreover it suggests
that obese children, especially those with metabolic
syndrome, should be encouraged to consume natural

Table 1. Endothelium function at baseline, 4 hours and 1 month after daily consumption of grape and pomegranate
juices.

Grape juice Pomegranate juice
Mean (standard deviation) Mean (standard deviation)

Basal brachial dimension
Base line 3.20 (0.51) 3.32 (0.5)
At 4 hours 3.16 (0.51) 3.32 (0.51)
At 1 month 3.23 (0.42)c,e 3.40 (0.67)

Flow-mediated dilation at 90 seconds
Base line 3.28 (0.34) 3.54 (0.64)
At 4 hours 3.51 (0.31)a 3.68 (0.56)b

At 1 month 3.58 (0.49)c 3.76 (0.50)d

After receiving nitroglycerin
Base line 3.80 (0.37) 3.97 (0.64)
At 4 hours 3.84 (0.35)a 4.03 (0.65)b

At 1 month 3.97 (0.49)c 4.09 (0.73)d

No significant difference was found between the grape juice and pomegranate juice groups
ap , 0.05 at 4 hours versus baseline in the grape juice group
bp , 0.05 at 4 hours versus baseline in the pomegranate juice group
cp , 0.05 at 1 month versus baseline in the grape juice group
dp , 0.05 at 1 month versus baseline in the pomegranate juice group
ep , 0.05 at 1 month versus 4 hours in the grape juice group

Table 2. Percent change in the brachial artery diameter at 4 hours and 1 month after daily consumption of juices
versus baseline diameter.

Grape juice Pomegranate juice
(%) (%)

Brachial artery diameter at 90 seconds/baseline diameter
At 4 hours 1.09a 1.108b

At 1 month 1.10c,e 1.105d

Brachial artery diameter after receiving nitroglycerin/ baseline diameter
At 4 hours 1.20a 1.21b

At 1 month 1.22c 1.20d

No significant difference was found between the grape juice and pomegranate juice groups
ap , 0.05 at 4 hours versus baseline in the grape juice group
bp , 0.05 at 4 hours versus baseline in the pomegranate juice group
cp , 0.05 at 1 month versus baseline in the grape juice group
dp , 0.05 at 1 month versus baseline in the pomegranate juice group
ep , 0.05 at 1 month versus 4 hours in the grape juice group
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anti-oxidants. It is worthy of note that the natural
juices used in this trial were homemade, with no
added sweetener, rather than the concentrated types
with a high-calorie content.

Conclusion

Daily consumption of diets rich in natural antioxidants
can improve endothelial function in adolescents with
metabolic syndrome. Such beneficial effects should be
considered in dietary recommendations for the
paediatric age group, notably those with overweight
and metabolic syndrome.
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