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ABSTRACT
Obesity and Type 2 diabetes are worldwide concerns, and the incidence of both is
alarmingly high in Kuwait. Carbohydrate-containing foods variably elevate blood
glucose, hence the Glycemic index (GI) of carbohydrate foods varies. Re®ned
carbohydrate foods are the main source of energy in Kuwait. The present study was
designed to investigate 1) glucose intolerance to carbohydrate foods in the Arab
population, and 2) whether low GI foods would suppress hunger and food intake in
healthy young females. Mashed potatoes, oats and chickpeas were compared to white
bread. Twelve normal-weight female volunteers consumed the test foods containing 50g
available carbohydrate after an overnight fast, once a week, in a random order. Both
®nger prick blood glucose and visual analogue questionnaires to measure appetite were
taken at 0, 15, 30, 45, 60, 90 and 120 min. An ad-libitum pizza meal was consumed at 120
min to assess food intake. Blood glucose peaked at 30 min and dropped back to baseline
within 2 hours after each food was tested, indicative of normal glucose tolerance. GIs
calculated were 46 for oats, 50 for chickpeas and 80 for mashed potatoes. Both blood
glucose and appetite responses were lower after oats and chickpeas when compared to
mashed potatoes or white bread (p<0.001). Food intake (mean calories  SD) was
lower after chickpeas (533112) and oats (607 128) than after mashed potatoes
(745 35) and white bread (742 176) (p<0.0001). Food intake had a positive
(p<0.0001) correlation with appetite, yet no correlation (p=0.9) with glycemic
response. We conclude that low glycemic index foods 1) blunt the glycemic response
spike; 2) suppress both appetite and food intake at a subsequent meal; and 3) there was
no glucose intolerance found in a healthy young Kuwaiti female population.
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INTRODUCTION
The prevalence of obesity and type 2 diabetes has increased dramatically in
recent years and is a worldwide concern. According to a WHO (World Health
Organization) report, one billion people around the world are overweight or
obese (WHO, 2005). In Kuwait, both obesity and diabetes are on the rise at an
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alarming rate. About 80% of Kuwait adults are overweight and/or obese
(Ulijaszek & Lo®nk, 2006), which is the highest percentage in the Arab
peninsula (Ulijaszek & Lo®nk, 2006; KNSS, 2005). The prevalence of diabetes
in the Kuwaiti population is 26.5% according to the 2006 Nutrition Surveillance
Report (KNSS, 2006), which can be compared to a WHO report suggesting a
worldwide increase in diabetes from 2.8% in 2002 to 4.4% in 2030 for all age
groups (Wild et al., 2004).
With the rapid economic and social development in Kuwait since the discovery
of oil in 1960, the lifestyle has changed from traditional to Westernized, including
dietary shifts from whole grain food consumption to highly re®ned grain products
with more energy intake from fat and sugars, coupled with decreased physical
activity (Abdella et al., 1995). The present study was designed to investigate
whether the high prevalence of type 2 diabetes is partially a result of altered
glucose tolerance in Kuwaiti people or if it more likely re¯ects dietary practices.
Previously, an Indian population exhibited a clear insulin resistance when the
glycemic response to the same foods was tested simultaneously in India and
United Kingdom, despite consistency in the glycemic index (GI) of the foods
between both ethnic groups (Henry et al., 2008).
The glycemic response to a carbohydrate food is the increase in blood glucose
over a given time after its consumption. The Glycemic Index (GI) is the ratio of
the response to a ®xed amount of the available carbohydrate in a test food
against the same amount of carbohydrate from a standard food, such as glucose
or white bread (Jenkins et al., 1981). Carbohydrates are the main source of
energy in the human diet, but all carbohydrate foods are not similarly digested
or absorbed, thus raising blood glucose dierently. Therefore, carbohydrate-rich
foods are often classi®ed as having low, medium and high GI (Foster-Powell &
Miller, 1995).
Low GI foods are believed to be digested and absorbed slowly, thus raising
blood glucose gradually and leading to increased satiety or decreased food
intake (Robert, 2000; Ludwig, 2007). This may bene®t weight control by
promoting both satiety and fat oxidation at the expense of carbohydrate
oxidation (Ludwig, 2007). In contrast to low GI foods, high GI foods are
believed to be digested and absorbed rapidly and to stimulate insulin secretion,
resulting in an overcorrection in blood glucose which causes blood glucose to
drop below the baseline. This reduced blood glucose stimulates hunger, leading
to increased food intake (Robert, 2000; Ludwig, 2007; Foster-Powell & Miller,
1995; Holt et al., 1997, 1996; Ludwig, 2000). However, con¯icting evidence for
this hypothesis is found in the literature (Barkeling et al., 1995; Kaplan &
Greenwood, 2002; Anderson et al., 2002).
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No study has been conducted in Kuwait to assess the glycemic eect of foods on
the feeling of hunger or the amount of food consumed at a subsequent meal. The
second purpose of the present research thus was to determine the eect in
apparently healthy Kuwaiti females of ingesting both low GI (oats and chickpeas)
or high GI (mashed potatoes and white bread) foods on blood glucose response
and the feeling of hunger and subsequent food intake two hours later.

MATERIALS AND METHODS
Subjects
Healthy female students (n=12) aged 17-25 years with a body mass index (BMI
in kg/m2) of 20 - 25 (normal BMI) were recruited through ¯yers and by word of
mouth among the students at the College for Women, Adaliya Campus, Kuwait
University. Diabetics, those taking any medication, or breakfast-skippers were
excluded from the study. Those who scored  11 on the Eating Habits
Questionnaire were identi®ed as restrained eaters and were also excluded from
the study (Herman, 1978). All subjects signed a consent form before the
commencement of the study. The study was carried out in the Department of
Family Sciences, Human Nutrition laboratories. A separate room was used for
measurements of subjective appetite and blood glucose from that for eating test
foods and a lunch meal. The eating room was divided into individual booths for
the food consumption. This study was conducted according to the guidelines in
the Declaration of Helsinki and all procedures were approved by the Human
Subjects Review Committee, Ethics Review Oce, Kuwait University, Kuwait.
Test Foods
The test foods were commercially made white bread (Kuwait Flour Mills, Kuwait),
mashed potatoes (Homestyle Mashed Potatoes by Hy-Top; Packed for Federated
Group, Inc., Arlington Heights, IL, USA), canned chickpeas (Giant Chickpeas with
chillies, Al-Daniah, a product of Kuwait) and oats (Quaker White Oats by Quaker
Trading Ltd., In Cupar-United Kingdom). Weighed amounts corresponding to 50 g
available carbohydrate (total carbohydrate - dietary ®ber) were used. White bread
was toasted for 30 seconds and served immediately. Instant mashed potatoes and
oats were prepared according to the manufacturers instructions, replacing milk with
water. White oats were cooked with water in the microwave oven for 90 seconds.
Canned chickpeas were heated in a microwave oven for 90 seconds before serving.
Five grams of butter was added to all food for taste.
All treatment foods were served with a cup (250 ml) of water to ease
swallowing and digestion. To minimize the eect of temperature variation on
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satiety, the instant potatoes, oats and chickpeas were served hot and the bread
was toasted.

Experimental Procedures
A within-subject repeated-measures design was used such that each subject
served as her own control and participated in all four study sessions. The
treatments were administered in a randomized fashion for each subject. Blood
was collected by ®nger prick for glucose analysis, and recorded. Subjective
measures of appetite (motivation to eat) were made by a Visual Analogue Scale
(VAS) questionnaire (Akhavan & Anderson, 2007; Samra & Anderson, 2007).
Both blood and subjective appetite measurements (VAS) were made at baseline
(fasting) and at 15, 30, 45, 60, 90, and 120 min after the test food. At the end of
two hours, a second meal was served with a bottle of water and the subjects
were asked to eat and drink until comfortably full.
Subjects chose a time for the study sessions (between 8.00 to 10.00 am, or two
hours after waking up) and were required to arrive at that time for all the test
sessions. They came after an overnight (10-12 h) fast. Water was permitted up to
1h before the scheduled start time. All subjects were instructed to maintain a
regular pattern of food intake and physical activity throughout the study and to
be particularly consistent in their eating, sleeping and exercise habits for the day
before and morning of each session. Upon arrival, subjects completed a Sleep
Habits and Stress Factors Questionnaire inquiring about any unusual events or
illness through a series of Visual Analogue Scale (VAS) questions.
All blood samples were taken by ®nger-prick, using Monojector Lancet
Device and a portable blood glucose monitoring system (One Touch Ultra, Life
Scan Inc. and Johnson & Johnson Company, USA). Blood glucose
concentration was measured by placing one drop of blood on a preloaded,
automatic release test strip and recorded.
Food Intake
At the completion of two hours of blood glucose testing and subjective satiety
measurements, subjects were oered a pizza lunch meal with a bottle of water (1.0
litre). The pizzas were small and round (5-inch, 200 kcal) and were available in
two varieties (Four Cheeses and Deep N Delicious Veggie Pizza; McCain Foods
Ltd). Two trays containing two pizzas cut into four pieces were served within 6-7
minutes of each other. An advantage to using these pizzas was the uniformity of
crust and energy content, eliminating the possibility that the subjects would eat
the energy-denser ®lling and leave the outside crust of the pizza. At the end of the
test meal, subjects rated the palatability of the pizza by VAS.
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Food intake was determined by weighing each variety of cooked pizza before
and after serving. The net weight of the pizza was converted to calories with
information provided by the manufacturer.

Data Analysis
Incremental area under the blood glucose response curves (iAUC), ignoring any
area below fasting glucose level, was determined for each food for each subject.
To calculate GIs of the test foods, the iAUCs for the test foods were divided by
the iAUCs for white bread (reference food) and multiplied by a conversion
factor of 0.70 (the GI of white bread is 70) as follows:
GI = AUC treatment/AUC reference x 0.70
The overall GI for each treatment was calculated as the average of all 12
individual values. For analysis of VAS appetite responses, an average appetite
score was calculated for each time point using the formula:
Average Appetite = [Question 1 + Question 2 + (100-Question 3) +
Question 4]/4.
Statistical analyses were conducted using SAS (Statistical Analysis Systems,
SAS Institute Inc., Carey NC). One-way repeated measures analysis of variance
(ANOVA) was conducted to test for the eect of treatment on outcome variables,
including blood glucose concentrations, incremental area under the curve (AUC)
for blood glucose, glycemic index (GI) values, average appetite and average
change from baseline appetite values at each time point, and food intake values.
Two-way repeated measure ANOVA was conducted on appetite and blood
glucose concentration scores to test for time and treatment eects and for a time
by treatment interaction. Tukey's posthoc tests were performed when treatment
eects were statistically signi®cant (p<0.05). All results presented are mean 
standard deviation (SD) or standard error (SE) of the mean. Correlation analyses
were conducted using the Pearson Correlation coecient.
RESULTS
Blood Glucose: Baseline blood glucose did not dier among the treatments
(p=0.72). Subsequent blood glucose concentrations were aected by treatment
(p< 0.001) and time after carbohydrate ingestion (p<0.001) with a time by
treatment interaction (p<0.001) (Fig. 1). Peak blood glucose occurred at 30 min
for each food. Both chickpea and oat treatments resulted in overall lower blood
glucose concentrations than white bread and mashed potatoes.Oats produced a
signi®cantly lower value at 15 min than for mashed potatoes which caused a rapid
increase in blood glucose concentration with signi®cantly higher levels at 45 min,
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but no dierence among the treatments at 90 min. At 120 min, blood glucose after
mashed potatoes and white bread fell signi®cantly below the baseline, whereas
chickpeas and oats maintained the blood glucose concentrations above the
baseline two hours after consumption. Incremental area under the curve (iAUC)
for blood glucose was lower after both chickpeas and oats treatments (p<0.001)
than after mashed potatoes and white bread treatment (Fig. 2).
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Fig. 1. Eect of treatment on blood glucose (mmol/L) over 120 min. Values with dierent letters
within the same time point are signi®cantly dierent (p<0.05).

Fig. 2. Eect of treatment on blood glucose incremental area under the curve (iAUC) (mmol min/
L) over 120 min. Values with dierent letters are signi®cantly dierent (p< 0.5).
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Average Appetite: Baseline average appetite scores were not dierent among
the treatments (p=0.63). Average appetite scores were aected by both
treatment (p<0.001) and time after ingestion (p<0.001), but no time by
treatment interaction was observed (p=0.78). The eect of time was
explained by the large reduction in appetite occurring at 15 min with a
gradual return to baseline at 120 min (Fig. 3). Due to a large standard error
around mean, the dierences among the treatments become signi®cant only at
45 and 60 min between chickpeas and white bread. Incremental area under
the curve (iAUC) for appetite was not dierent among the treatments (data
not shown).
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Fig. 3. Eect of treatment on subjective appetite change from the baseline (mm) over 120 min.
Values with dierent letters within the same time points are signi®cantly dierent (p<0.05).

Food Intake: Energy intake (mean calories  SD) from pizza lunch served at
120 min was signi®cantly lower after chickpeas (533112) or oats (607 128),
than that after mashed potatoes (745 135) or white bread (742 176)
(p<0.0001) (Fig. 4).
Relations Among Dependent Measures: The average appetite iAUC had a
positive correlation with food intake (r = 0.42, p<0.001). However, blood
glucose iAUC was not correlated with food intake (r =0.005, p=0.9) or with
average appetite iAUC (r = 0.25, p=0.09).
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Fig. 4. Eect of treatment on Food intake (Kcal) at 120min. Values with dierent letters
are signi®cantly dierent (p<0.05).

DISCUSSION
This is the ®rst study conducted in healthy Kuwaiti female subjects that measures
the glycemic response to foods and its eect on satiety and the amount of food
consumed at a subsequent meal. Regardless of their glycemic index, all foods
peaked in blood glucose concentration at 30 min then gradually declined to the
baseline within 120 min, indicating no physiologic impairment of glucose
tolerance in this healthy young Kuwaiti female population. Since this study
suggests that food choice is an important factor in¯uencing glucose metabolism
and appetite in this population, non-diabetic Kuwaiti women should strongly
consider diet and other lifestyle factors to help prevent development of obesity
and diabetes. Increasing purchasing power and the ready availability of fast,
semi-fast and other energy-dense foods combined with less physical activity is
manifested in increased rates of overweight and obesity (Musaiger, 2002; Jackson
et al., 2002; El Bayoumy et al., 2009). Increased obesity is a major risk factor for
diabetes and other chronic diseases such as cardiovascular diseases (Esfahani et
al., 2009). It has been calculated that for every one kilogram increase in weight
gain, the risk for diabetes increases by 4.5% (Mokdad et al., 2003).
The spike in blood glucose concentration at 30 min in the present study was
highest after mashed potatoes followed by white bread (high glycemic foods),
both of which remained high for a longer period of time than for oats and
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chickpeas, and then dropped below the baseline at 120 minutes. In contrast, the
increase in blood glucose after oats and chickpeas (low glycemic foods) was
steady, resulting in a lower spike at 30 min, and remained above the baseline at
120 minutes (Fig. 1). Compared to white bread as a reference, the GIs thus
calculated were 80 for mashed potatoes, 46 for white oats and 50 for chickpeas.
Oats are classi®ed as low GI although oat products, depending on the dierence
in commercial processing, are reported to have a range of GI from 42 to 80
(Foster-Powell & Miller, 2002; Jenkins et al., 1981). The presence of soluble glucan in oats is believed to be responsible for this blunting of both plasma
glucose and insulin concentrations.Increased viscosity delays its starch digestion
and glucose absorption rates (Tuomasjukka et al., 2007; Panahi et al., 2007;
Battilana et al., 2001). An oatmeal intervention of only two days, in patients
with metabolic syndromes adapted to a diabetic diet, surprisingly achieved
approximately 40% reduction in insulin dosage requirement. This eect was
conserved in a 4-week outpatient phase on a normal diet (Lammert et al., 2008).
Chickpeas are also considered low GI foods as reported in the literature
(Foster-Powell & Miller, 2002). Their attenuation of blood glucose was similar
to oats and much lower than that of mashed potatoes and bread in the present
study (Figs. 1 and 2). The GI of beans, as for any other carbohydrate food,
could vary depending on the bean variety and processing. In our earlier study,
glycemic response to chickpeas was not dierent from white bread in young
male subjects (Wong et al., 2009).
Although no association between food intake and glycemic response was
observed in the present study, low GI foods are independently bene®cial for
both blunting the glucose response and for suppressing hunger and food
intake. According to the American Dietetic Association (ADA), regulation of
blood glucose concentration is an established objective in the management of
diabetes (Geil, 2004). Studies demonstrate that reduction in postprandial
glycemia has a protective eect against the risk of developing type 2 diabetes
(Barclay et al., 2008). Protein markers of diabetes such as serum fructosamine
(Livesey et al., 2008) or glycosylated hemoglobin (HbA 1c) were reduced with
consumption of low glycemic index foods compared to high glycemic diets
(Thomas & Elliot, 2009).
Appetite iAUC in the present study was positively associated with food
intake, meaning reduced appetite likely resulted in less food consumed. There
were 27% and 21% fewer calories consumed after chickpeas and oats,
respectively, compared to white bread at a subsequent meal two hours later
(Fig. 4). The possible explanation for this reduced food intake might be, at least
in part, the satiating eect of these foods on food intake. Whether or not this
increased satiety or decreased food intake accompanies weight loss in the long

120 Tasleem A. Zafar, Yearul Kabir and Carol Ghazaii
term is not detectable from this study. A habitual diet of rice and beans has been
associated with 13 to 14% reduction in risk of overweight or obesity in both
men and women (Sichieri, 2002). Similarly, bean consumption was associated
with lower body weight and reduced waist circumference in American adults
(Papanikolaou & Fulgoni, 2008) and in children ages 12-19 years (Fulgoni et al.,
2006). A meta-analysis of six studies by Thomas et al. (2007) concluded that low
GI foods and low glycemic load diets reduced body weight and total fat mass
each by approximately one kilo gram, resulting in reduction of 1.3 units in body
mass index compared with those on high glycemic diets.
On the other hand, no signi®cant long-term changes were seen between high
glycemic and low glycemic index diets in Brazilian women consuming test diets
in an 18 month randomized trial (Sichieri et al., 2007). No weight reduction was
observed with a low GI diet in another 5-week trial (Bouche et al., 2002).
Instead, a signi®cant increase in lean muscle mass occurred at the expense of
decreased fat mass. These authors believe that this change in body composition
might have re¯ected a negative energy balance due to reduced energy absorption
from the low GI foods despite a comparable intake of carbohydrate.
In conclusion, the current study demonstrated no glucose intolerance in a
normal weight non-diabetic Kuwaiti young female population; all
carbohydrate-rich foods produced a normal glycemic response. Low GI foods
(oats and beans) prevented an excessive spike in blood glucose concentration
and decreased both hunger and excessive energy intake at the second meal.
These bene®ts from low GI, minimally processed whole grain foods may
translate into increased lean body tissue or decreased fat mass and thus improve
insulin sensitivity and prevent diabetes if incorporated into a long-term diet
regimen. Future research should address that possibility, as well as the potential
for a decrease in fat mass and improved lipid pro®le which may also reduce
other related disorders, including cardiovascular diseases and certain cancers.
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