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Abstract
Background: Obesity is increasingly seen in children and youth. It is linked to major 
health concerns including glucose intolerance and type II diabetes. This study aims to 
assess the prevalence of impaired glucose tolerance, impaired fasting, and insulin resis-
tance and type 2 DM in overweight and obese children and adolescents presenting to our 
pediatric endocrinology clinic in Abu Dhabi, UAE.
Methods: Overweight and obese children and adolescents are enrolled in an observa-
tional, cross-sectional study. Patients had detailed demographic and family history taken. 
Standardized weight, height, BMI and waist circumference were recorded. Laboratory 
tests included fasting glucose, insulin and HbA1c were done. Patients who had high 
fasting glucose or HbA1c had standard oral glucose tolerance test. Insulin sensitivity was 
assessed by applying HOMA-index.
Results: A total of 216 patients (121 males) were enrolled; mean age was 10.58 ± 2.9 
years. 93% were obese, 7% overweight; and173 had a waist circumference ≥ 90th centile. 
147 patients (74.2%) were insulin resistant; 7 patients were diagnosed with diabetes (6 
had HbA1c above 6.5, 1 had 2 consecutive glucose measurements above 7 mmol/L), and 
87 (43.5%) had an indication for OGTT: 26 elevated fasting, 50 elevated HbA1c, and 11 
had both. 15 patients (8.2%) had impaired glucose tolerance and 37 (18.1) had impaired 
fasting. 5 patients of 11 with impaired fasting and elevated Hba1c (45.5%) and 8 patients 
of 50 elevated HbA1c (17.4%) had glucose intolerance. 
Conclusions: Insulin resistance is common in overweight and obese children and is 
more commonly seen in older children with high weight, height and waist circumference. 
Higher yield of glucose intolerance is obtained when screening utilized combination of 
high fasting glucose and HbA1c.
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Introduction

 Obesity is an increasing health concern worldwide. It is 
strongly linked to morbidity and mortality through its associated 
health risks. Major associations of obesity are glucose intoler-
ance and Type II diabetes mellitus which are linked to a number 
of nutritional and environmental factors. It has been reported 
that death attributable to diabetes accounted for 2%-3% of all 
deaths in the UAE in the last ten years[1]. Sedentary life style 
has led to the emergence of obesity and metabolic syndrome at a 
much younger age compared to the past. This has been the case 
around the world and the Arab countries, particularly the Gulf 
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area[1]. 
 Childhood obesity in the Gulf and some other regions 
around the world has dramatically increased to reach an epidem-
ic proportion[2]. In the USA, the number of overweight children 
has more than doubled and childhood obesity has shown a rapid 
increase in countries like the UK[3]. 
 Data from the Health Authority of Abu Dhabi showed 
a prevalence of childhood obesity reaching up to 30% in school 
children[4]. 
 With the increasing prevalence of obesity, various 
forms of co-morbidities are seen in children including glucose 
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intolerance, insulin resistance, dyslipidaemia and fatty liver dis-
ease[5,6]. 
 Epidemiological studies have shown a high prevalence 
of Type II diabetes among the Arab population of various Gulf 
countries; Oman[7], Saudi Arabia[8] and Kuwait[9]. The ministry 
of Health in Dubai, UAE and the World Health Organization 
(WHO) conducted a national diabetes survey on the population 
of the UAE in 2000. The study revealed that almost a quarter of 
the population in the UAE had diabetes[10].
 In the past, type 2 diabetes has not been a problem of 
young people, however, over the last two decades; type 2 dia-
betes has been emerging as a global public health problem in 
children and adolescents[11-14]. The disease is emerging among 
children all around the world including the Gulf region. 
 The SEARCH study for diabetes among children and 
adolescents below 20 years of age revealed that both type 1 and 
type 2 diabetes mellitus are frequent and on the rise among U.S 
youth in a majority of racial and ethnic populations, sex and age 
groups. 15.9% of the children diabetes population was of type 2 
diabetes. A proportion within type 1 diabetes patients had asso-
ciated insulin resistance due to obesity[15]. At the local level in 
the UAE, 10% of children diagnosed with diabetes were found 
to have had type 2 DM in the city of Al Ain[16]. Similarly, 9% 
of children diagnosed with diabetes in Dubai are found to have 
type II diabetes. This was out of 304 school age children (4 - 19 
years) diagnosed with diabetes by specialist clinics in Depart-
ment of Health and Medical Services[17]. 
 The trend of the growing incidence of type 2 diabetes 
in children follows in other parts of the Gulf region. In a study 
of 6 - 18 years old Kuwaiti school children, type 2 diabetes was 
identified in 45 of the 128,918 children studied for an overall 
prevalence of 34.9 per 100,000 population[18]. Another study per-
ceived childhood obesity and type 2 diabetes as a growing public 
health challenge in UAE, given the sharp rise in obesity-induced 
type 2 diabetes among UAE youth. The study speculated that 
diabetes is set to affect half the UAE population in the next two 
decades if the present lifestyle trends continue[19].
 In 2012, a retrospective cross-sectional study on 387 
overweight and obese pediatric patients between the ages of 2 
and 18 years recruited between the years 2006 and 2010 in a 
center in Saudi Arabia, showed that 44% of this population had 
hyperinsulinism, and 9 percent had type II diabetes[20].
 Increasing incidence of type II diabetes in children is 
multifactorial but it is directly linked to the increased incidence 
of obesity, which in turn is driven by a general decline in physi-
cal activity and increased reliance on fast and processed food. In 
2013, a cross-sectional study conducted in Kuwait showed that 
20 to 58% of male and female adolescents were overweight or 
obese[21].
 A single important factor is that most overweight chil-
dren have diminished exercise tolerance which is a compound-
ing factor to failure of weight control and a start of a vicious cy-
cle of increased weight and development of glucose intolerance 
and even overt diabetes mellitus.
 In the UAE in particular, an additional factor is the 
wide use of television, hand-held electronic game devices and 
computers[22].
 There are various geographical and ethnic variations in 
the prevalence of type II diabetes worldwide. Considering the 
high rate of obesity in children and the high prevalence of type II 

in our region, it is important to study the disease and its co-mor-
bidities in the region. Assessing the extent and the impact of the 
problem is of paramount importance in planning of prevention 
strategies in youths.
 This study aims to assess the prevalence of impaired 
glucose tolerance, impaired fasting, insulin resistance and type 2 
DM in overweight and obese children and adolescents present-
ing to our pediatric endocrinology clinic in Abu Dhabi, UAE.

Methods

Participants and setting
 This study is observational, descriptive cross-section-
al, intending to investigate the prevalence of multi-variables in 
an obese population. All patients meeting the inclusion criteria 
and none of the exclusion criteria and attending the Paediatric 
Endocrinology department, Mafraq hospital, Abu Dhabi during 
the period between October 2013 and October 2015 were ap-
proached to take part in the study; a total of 216 approved.
 Inclusion criteria for enrollment were school children 
between the ages of 4 and 19 years who were referred to the en-
docrine clinic for obesity assessment and management. Children 
recruited were either overweight or obese with a BMI centile 
above the 85th or 95th respectively.
 Children with the above criteria were approached to 
participate in the study.  The aim and the procedure of the study 
were explained to the children and parents and they were given 
a study information leaflet to read. Those who agreed to partici-
pate gave assents and parents/guardians signed a consent form.
 Children diagnosed with hormonal disorders; diabetes, 
hypothyroidism or polycystic ovarian syndromes were excluded 
from the study. Moreover, patients on long term use of cortico-
steroids or anti-epileptic medication were also excluded.
 The research study was approved by the Research Eth-
ics Committee at Mafraq hospital, Abu Dhabi, UAE.

Measures
 All patients participating in the study were interviewed 
by one of 2 pediatric endocrinologists. Case report forms includ-
ed information on demographics, and family history, namely 
history on diabetes, obesity, dyslipidemia, and cardiovascular 
diseases in a first degree relative. Physical exams of patients in-
cluded height, weight, waist circumference and assessment of 
acanthosis nigricans. Blood pressure was taken twice and the 
average was calculated for systolic and diastolic pressure. BMI 
was calculated as weight/height2 and plotted on BMI chart to 
determine the centile.
 Standardized BMI, BP, height and weight for age 
z-scores were calculated based on the CDC growth charts[23] 
while standardized waist circumference scores were generated 
based on the Jackson RT et al study for waist circumference per-
centile in Kuwaiti children and adolescents[24].
 Blood tests performed were fasting blood glucose 
(FBG), fasting insulin, and HbA1c. Children with elevated 
HbA1c assessed as 5.7% ≤ HbA1c < 6.5% or high fasting blood 
glucose assessed as 5.6 mmol/L ≤ FBG < 7 mmol/L had a stan-
dard oral glucose tolerance test. Impaired glucose tolerance was 
diagnosed if 2 hours blood glucose was ≥ 7.8 mmol/L. Insulin 
resistance was measured by applying the HOMA-IR formula uti-
lizing fasting insulin and fasting glucose[25]. All patients having 
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HOMA-IR score ≥ 3 were considered having insulin resistance. 
Patients having HbA1c > 6.5% or two consecutive measures of 
BG >7 mmol/L were considered diabetic[26].  

Power calculation
 The power for the study is calculated to estimate prev-
alence of impaired glucose tolerance, impaired fasting, insulin 
resistance and type 2 DM with 95% confidence level and 0.1 
absolute precision. To obtain the maximum value for minimum 
sample size, the proportion of outcomes was set at 50% in the 
target population. According to the above criteria, the minimum 
sample size was found to be 97.

Statistical analysis
 Descriptive statistics means and standard deviations 
were used to analyze continuous parameters. Frequencies and 
percentages were used to analyze categorical parameters. Bivar-
iate logistic regressions were performed to determine the rela-
tionship between impaired glucose tolerance, insulin resistance, 
type II DM and impaired fasting with age, gender, BMI, height, 
weight, waist conference and blood pressure. A two-tailed p-val-
ue was computed and significance was set at p-value less than 
0.05.
Statistical analysis was performed using IBM SPSS software 
version 23.

Results

 216 patients were enrolled in the study; 121 (56.0%) 
were males and 95 (44.0%) females. The overall age of the sam-
ple ranged between 4 and 19 years. Mean ± SD age was 10.58 
± 2.996 years. Standardized mean ± SD for height was 0.44 ± 
1.195 while that for weight was 2.30 ± 0.704. 15 (7.0%) of chil-
dren were overweight, 201 (93.0%) were obese with a BMI ≥ 
95th percentile.
 A total of 138 (63.9%) of patients had acanthosis nigri-
cans. The standardized mean ± SD for waist circumference was 
2.31 ± 1.058 cms. 173 patients (89.6%) had a WC ≥ 90th percen-
tile. The standardized mean ± SD for systolic blood pressure was 
1.10 ± 1.014 mmHg while that for diastolic blood pressure was 
0.55 ± 0.812 mmHg.
 80% of the patients had a family history of obesity and 
79.4% had a family history of diabetes. 55.5% had a family his-
tory of hyperlipaedemia and a total of 40.7% had a family his-
tory of cardiovascular diseases (table 1). 147 patients (74.2%) 
were insulin resistant and 62 patients (31.0%) had elevated 
HbA1c (5.7% ≤ HbA1c < 6.5%). 87 (43.5%) had an indica-
tion for OGTT of either elevated fasting glucose (26), elevated 
HbA1c (50) or both (11). Out of the 87, 78 (89.7%) had OGTT. 
 A total of 7 (3.5%) patients were diagnosed with diabe-
tes; 6 (85.7%) had HbA1c at or above 6.5%, 3 (42.9%) had fast-
ing blood glucose at or above 7 mmol/L of which 1 patient had 
2 consecutive measures of fasting blood glucose above diabetes 
range. Among all non-diabetics (n = 209), 37 patients (18.1%) 
had impaired fasting while 15 (8.2%) had impaired glucose tol-
erance (table 2).
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Table 1: Sample Characteristics.  
  Frequency 

(%)
Mean (SD)

Demographics
Gender (Males) 121 (56.0)
Age (Mean ± SD) 10.58 (2.996)

Physical 
Exam

Height-for-age 
(Mean ± SD) 0.44 ± 1.195

Weight-for-age 
(Mean ± SD) 2.30 ± 0.704

WC-for-age 
(Mean ± SD) 2.31 ± 1.058

WC ≥ 90th

percentile 173 (89.6)

Overweight1 15 (7.0)
Obese2 200 (93.0)
SBP-for-age 
(Mean ± SD) 1.10 ± 1.014

DBP-for-age 
(Mean ± SD) 0.55 ± 0.812

Acanthosis 
Nigricans 138 (63.9)

Family 
History

Obesity 172 (80.0)
Hyperlipidaemia 117 (55.5)
Heart Disease 88 (40.7)
Diabetes 170 (79.4)

Table 2: Summary of abnormal results.  
  Frequency 

(N)
Percentage 
(%)

Elevated HbA1c1 62 31.0
Impaired Glucose 
Tolerance2 15 8.2

Insulin Resistance 147 74.2
Type 2 DM 7 3.5
Impaired Fasting2 37 18.1

15.7 ≤ HbA1c < 6.5
2Among non-diabetics

 Results of OGTT were analysed based on the indication 
of the test (figure 1). Out of the 26 patients who had impaired 
fasting (5.6 mmol/L ≤ FBG < 7 mmol/L), 21 had OGTT and 
2(9.5%) showed impaired tolerance. 46 patients, of the 50 who 
had HbA1c between 5.7% and 6.5%, had OGTT, and 8 (17.4%) 
had impaired glucose tolerance. The group who had both high 
fasting and elevated HbA1c consisted of 11 patients and all had 
OGTT. Of that group, 5(45.5%) had impaired glucose tolerance. 
No patients were diagnosed with diabetes based on OGTT.
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Figure 1: Frequency of diabetes and impaired glucose tolerance.

Results Analysis of Study Parameters

Insulin resistance
 74.2% of the patients had insulin resistance. Relationship of insulin resistance was studied on a bivariate level with age, 
gender, and standardized height, weight, waist circumference, systolic and diastolic blood pressure. Results showed that an increase 
in age (years), height-for-age (SD), weight-for-age (SD), and WC-for-age (SD) were all shown to be significantly associated with 
an increase in insulin resistance (table 4).

Table 3: Bivariate Logistic Regressions of impaired fasting and impaired glucose tolerance with other factors.
Impaired Fasting Impaired Glucose Tolerance

N = 209
Variables OR 95% CI p-value OR 95% CI p-value
Age 1.03 0.913 - 1.163 0.625 0.98 0.824 - 1.171 0.842
Gender (M) 1.97 0.916 - 4.255 0.083 2.25 0.688 - 7.342 0.180
Height-for-age 1.39 1.002 - 1.920  0.049* 1.50 0.934 - 2.411 0.093
Weight-for-age 1.50 0.895 - 2.515 0.123 2.50 1.176 - 5.312  0.017*
WC-for-age 0.94 0.645 - 1.374 0.755 1.34 0.782 - 2.282 0.289
SBP-for-age 1.14 0.788 - 1.653 0.485 1.37 0.790 - 2.364 0.264
DBP-for-age 1.09 0.695 - 1.700 0.714 0.90 0.474 - 1.717 0.754

*p-value < 0.05      
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Table 4: Bivariate Logistic Regressions of insulin resistance and type 2 DM with other factors.
Type 2 DM Insulin Resistance

N=216
Variables OR 95% CI p-value OR 95% CI p-value
Age 1.15 0.890 - 1.478 0.291 1.20 1.068 - 1.354 0.002*
Gender (M) 0.12 0.015 - 1.052 0.056 0.67 0.349 - 1.290 0.232
Height-for-age 1.33 0.677 - 2.609 0.409 1.49 1.123 - 1.969 0.006*
Weight-for-age 2.67 0.918 - 7.769 0.071 2.22 1.339 - 3.683 0.002*
WC-for-age 1.96 1.017 - 3.792 0.044* 2.13 1.359 - 3.335 0.001*
SBP-for-age 1.37 0.619 - 3.011 0.441 1.08 0.778 - 1.496 0.648
DBP-for-age 1.42 0.543 - 3.697 0.477 0.83 0.558 - 1.247 0.376

*p-value < 0.05      

Impaired fasting
 Impaired fasting was analyzed on the sample of non-di-
abetics (n = 209). 37 (18.1%) of patients had impaired fasting 
out of which 11 (30.6%) had abnormal HbA1c defined as HbA1c 
≥ 5.7%. Relationship of impaired fasting was studied on a bi-
variate level with age, gender, and standardized height, weight, 
waist circumference, systolic and diastolic blood pressure. Re-
sults showed that a 1SD increase in height is significantly asso-
ciated with an increase in impaired fasting (OR = 1.39, p-value 
= 0.049) (table 3). 

Impaired glucose tolerance
 Impaired glucose tolerance was analyzed on the sam-
ple of non-diabetics (n = 209). 15 (8.2%) were diagnosed with 
impaired glucose tolerance with a 2hr BG ≥ 7.8 mmol/L. Bivar-
iate logistic regression was conducted to study the association 
of impaired glucose tolerance based on OGTT results with age, 
gender, and standardized height, weight, waist circumference, 
systolic and diastolic blood pressure. Results showed that a 1SD 
increase in weight is significantly associated with almost three-
fold increase in impaired glucose tolerance (OR = 2.50, p-value 
= 0.017) (table 3; figure 1).

Elevated HbA1c (HbA1c ≥ 5.7 and < 6.5)
 62 (31.0%) patients had HbA1c levels at or above 5.7% 
and below 6.5%. 11 (17.7%) of those had impaired fasting and 
one (1.6%) had fasting glucose at diabetic level too. Of the 50 
(80.6%) with high HbA1c and normal fasting, 46 (92.0%) had 
OGTT. 8 (17.4%) patients had results indicating impaired glu-
cose tolerance. Of the remaining 12, 11 patients had elevated 
HbA1c and impaired fasting and one had elevated HbA1c and 
2 consecutive measures of fasting blood glucose indicative of 
diabetes. All 11 patients had OGTT and 5 (45.5%) had impaired 
glucose tolerance and none had 2 hours glucose of 11.1 mmol/L.

Diabetes
 7 (3.5%) patients were diabetics. 6 (3.0%) had HbA1c 
levels at or above 6.5% and 1 (1.6%) had 2 consecutive FBG 
measures above 7mmol/L. Out of those 6 patients, 3 (50.0%) 
also had a fasting blood glucose indicative of diabetes (≥7 
mmol/L). 
 The relationship between diabetes and the parameters 
of age, gender, standardized height, weight, waist circumfer-
ence, systolic and diastolic blood pressure were studied at a bi-
variate level. Results showed that a 1 SD increase in WC-for-age 
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is significantly associated with the diagnosis of diabetes (OR = 
1.96, p-value = 0.044) (table 4).

Discussion

 Research has witnessed a sudden increase in studies 
aiming to assess the prevalence of type 2 DM among children 
and adolescents in the past two decades. However, differences in 
methodologies adapted and targeted populations make it hard to 
benchmark results to other studies in the country and worldwide. 
Several studies have aimed to assess the prevalence of T2DM 
among patients with diabetes. In the US, 15.9% of children and 
adolescent diabetics under the age of 20 recruited between the 
year 2000 and 2009 were diagnosed with T2DM[15]. In 2005 in 
the UAE, one study showed that 10% of patients presenting 
with diabetes had T2DM[16] and the statistical news reported an 
overall 9% prevalence in the emirate of Dubai that same year[17]. 
Another study of children and adolescents from 6 to 18 years of 
age reported a prevalence of 0.035% of T2DM among school 
children in Kuwait[18]. Our study targeted overweight and obese 
children and showed that 3.5% of patients presenting to an endo-
crinology clinic in Abu Dhabi were diagnosed with type 2 DM. 
This percentage is comparable to a study conducted in Sudan in 
2013 which showed a T2DM prevalence of 3.86% in children 
11 to 18 years of age attending a pediatric and adolescent dia-
betic clinic in Khartoum[27].  Although highly significant, T2DM 
prevalence in our study is three-fold lower than a similar study 
targeting ages of 2 to 18 year olds presenting to a center in Sau-
di Arabia in 2012[20]. SEARCH study for diabetes conducted 
among children and adolescents below 20 years of age showed 
prevalence of type 2 diabetes to be 15.9% of all types of diabe-
tes[15]. 
 Our study relied on HbA1c and FBG measures to di-
agnose diabetes which showed 7 patients had an HbA1c and 1 
patient had a fasting glucose at the diabetes range. Relying on 
different proxies for diabetes yielded differing results among 
various studies. Using FBG as an indicator for diabetes, this 
study shows that a total of 4 patients (1.9%) had 1 measure of 
FBG indicative of diabetes. 3 of the 4 patients were also diabetic 
as per HbA1c, the remaining 1 patient had a consecutive FBG 
test done and was shown to be a diabetic based on 2 consecutive 
measures of FBG. However, using 2 hours glucose reading on 
OGTT as an indicator for diabetes did not detect any patient with 
diabetes. These results, in combination with the varying meth-
odologies might explain the discrepancies in diabetes prevalence 
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brought about in the literature.
 There is a wealth of data in the literature about over-
weight and obesity with metabolic syndrome in the pediatric 
population with prevalence rates ranging between 13.9% in It-
aly[28] and 48.8% in the US[29]. Our study showed a relatively 
high prevalence of insulin resistance among the targeted patients 
at 74.2%. This is in agreement with several recent studies con-
ducted in Hong-Kong[30] reporting a prevalence of 77%, France 
71.8%[31], and Lebanon 70%[32] and much higher than Iran re-
porting a prevalence of 31.8% among obese adolescents and 
23.8% among obese children[33].
 In our study, 8.2% of non-diabetics had impaired glu-
cose tolerance and 18.1% had impaired fasting. These figures 
are higher than those reported by Al Amiri et al. who concluded 
a lower figure of 5.4%[34]. This could be due to the difference 
between the patient phenotype at the hospital setting from where 
our sample was drawn in comparison to the school setting. Our 
cohort contained a higher weight SDS than those picked from 
the school setting. Another study conducted on obese children 
and adolescents aged 4 – 18 at a referral hospital in Iran reported 
even higher prevalence of pre-diabetes at 14.7%[33]. Another one-
year observational study targeting 736 children in an outpatient 
clinic in Italy showed that 7.7 % had impaired fasting glucose, 
and 3.18% had impaired glucose tolerance[35]. A cross-sectional 
survey from China done on 3173 participants showed that the 
prevalence of prediabetes was 3.3% in that population[36].
 Our study also revealed a significant two-fold in-
creased risk of type II DM with increased waist circumference. 
This result is in line with a study conducted in Iraq in 2007, 
which showed through multivariate logistic regression analysis 
waist circumference to be the most sensitive predictor for T2DM 
among other anthropometric variables[37].  Moreover, our results 
show that a 1SD increase in height is significantly associated 
with an increase in impaired fasting and that increases in age 
(years), height-for-age (SD), weight-for-age (SD), and WC-for-
age (SD) were all shown to be significantly associated with an 
increased risks of insulin resistance. It is noteworthy to mention 
that this study did not account for confounders and possible in-
teractions; results of this crude analysis should be further inves-
tigated in similar future studies.
 This study has also revealed that there are a substantial 
number of positive family histories in our cohort. Almost 80% 
of the patients had a family history of diabetes and/or obesity, 
55.5% of hyperlipidemia and 40.7% of heart disease. This is 
majorly interconnected primarily and secondarily to behavior-
al, nutritional and environmental factors that have emerged in 
recent years and contributed to the leading cause of illness, dis-
ability and death from obesity and type II diabetes in the Arab 
countries[22]. UAE citizens have slowly shifted towards adopt-
ing a sedentary lifestyle that is characterized by unhealthy diets 
accompanied with a reduction in physical activity. The wide-
spread use of traditional clothing branded by baggy outfits has 
largely subsidized for children feeling comfortable in their skin 
with weight gain and parents not being able to clearly notice the 
weight gain at all. Other factors predisposing Arabs to diabetes 
in the region is the relatively high percentage of consanguineous 
marriages and the elevated genetic risk for diabetes[19]. 
 Extensive studies have been tailored towards the genet-
ic predisposition of the Arab population to the development of 
T2DM. Results from one large study in Jordan, showed a signif-

icant correlation between the presence of adenopectin SNP gene 
and predisposition to type II diabetes in Jordanian population[38]. 
Another genome wide associative study in Lebanon, identified 
23 variants on two loci CDKAL1 and TCF7L2, with no relation 
to sex, age or BMI, that predisposed this population to the de-
velopment of T2DM[39]. A genotype study in Tunisia, identified 
ADIPOQ gene polymorphism as a significant predisposing fac-
tor for the development of T2DM in its population[40]. Moreover, 
a study combining both the Lebanese and Tunisian populations 
also showed that the TCF7L2 gene significantly played a role in 
the predisposition to type 2 DM in both populations. However, 
IGF2BP2, KCNJ11, PPARγ and SLC30A8 gene associations 
with T2DM varied: IGF2BP2and PPARγ association was sig-
nificant in the Lebanese, but not the Tunisian population, while 
KCNJ11and SLC30A8 gene associations with T2DM were sig-
nificant in the Tunisian, but not the Lebanese population. The 
above highlights the difference in ethnicity predisposition be-
tween the Arab populations[41]. Considering the significant num-
ber of pre diabetes and diabetes patients seen in our study and 
others and based on the above, it might be worth planning future 
studies to look at genetic markers for type II diabetes in obese 
adolescents from the UAE.
 Screening for T2DM in obese children has been widely 
debated for years. The appropriate timing, frequency and tools 
for screening have not been well defined either.
 According to The Yale Pathophysiology of Type 2 
Diabetes in Obese Youth Study[42], screening obese children 
for T2DM is not yielding, particularly when solely relying on 
A1C as an indicator. As previously mentioned, use of different 
proxies for diabetes have yielded different results. The Canadian 
guideline consensus for screening of obese children for T2DM 
suggests screening high risk children through the use of FBS 
alone every 2 years and reserving OGTT for those who have 
numerous risk factors or a standardized BMI at or above 99th 
percentile[43]. Various recent studies are focusing on the use of 
a combination of A1C and FBS as a screening tool to identify 
those children eligible for OGTT. This again, explains the dis-
crepancy in the prevalence of diabetes in the literature and the 
limited capacity to compare research outcomes and benchmark 
results. 
 Our study shows that among non-diabetics, 8.2% had 
impaired glucose tolerance and 18.1% had impaired fasting. 
Moreover, 1 patient (1.6%) was shown to be diabetic relying on 
FBG and 0% relying on OGTT as a proxy for diabetes. Addition-
ally, 50.0% of those who had Hba1c ≥ 6.5 had fasting blood glu-
cose ≥ 7mmol/L. These were not assessed for impaired glucose 
tolerance. It appears that increase of HbA1c from non-diabetic 
to diabetic level is correlated with more than a two-fold increase 
in impaired fasting. These results might suggest a clearer screen-
ing tool using all of the above. 
 As mentioned in our results, obesity related complica-
tions are more frequent than thought in the literature; hence, we 
need to develop more precise screening tools to accurately detect 
complications at an early stage. We suggest combining HbA1C 
and FBG as a screening tool for type II diabetes in overweight/
obese children who have clinical features of insulin resistance 
and a family history of metabolic syndrome in a first degree rel-
ative. More studies are needed to test the feasibility and cost 
effectiveness of this screening protocol.
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