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Abstract

Objectives: To determine the prevalence of type 2 diabetes
among 6- to 18-year-old Kuwaiti children. Subjects and
Methods: Children with type 2 diabetes were identified at
182 schools (50 primary, 63 intermediate, and 69 secondary)
randomly selected using the 2000/2001 educational dis-
tricts’ registers as a sampling frame. Prevalence rates were
adjusted to the 2002 Kuwaiti population. Diagnosis of type
2 diabetes was based on the World Health Organization and
the American Diabetes Association criteria. Results: Type 2
diabetes was identified in 45 of the 128,918 children sur-
veyed, thereby giving an overall prevalence of 34.9 per
100,000 [95% confidence interval (Cl) 24.7-45.1]. There was a
significant difference in prevalence between males (47.3,
95% Cl 28.7-65.8) and females (26.3,95% Cl 14.8-37.8) at p =
0.05 and a significant trend for an increase in prevalence of
type 2 diabetes with age (p = 0.026). The overall age-adjust-
ed prevalence rate in the 2002 Kuwaiti population was 33.2
(95% Cl 26.6-39.9), 41.6 (95% Cl 31.2-52.0) in male and 24.6
(95% Cl 16.4-32.7) in female children; the difference was sig-

nificant at p = 0.013. There was no significant difference in
prevalence between regions. Children with type 2 diabetes
had a significantly higher frequency (51.1%) of a positive
family history of diabetes than children of a similar age with-
out type 2 diabetes (22.2%) (p = 0.004). Conclusion: The
prevalence of type 2 diabetes in adult Kuwaitis is spreading
to children and adolescents, making it an emergency public
health problem. Efforts need to be initiated to address pre-
vention strategies of type 2 diabetes in youth.

Copyright © 2008 S. Karger AG, Basel

Introduction

Type 2 diabetes has been considered a disease of adult
and older individuals and not a pediatric condition. Type
1 diabetes was the only type of diabetes believed to be
prevalent in youth. However, over the last 2 decades, type
2 diabetes has been emerging as a public health problem
in children and adolescents [1-4].

Type 2 diabetes is a polygenic condition in which in-
sulin is not essential for survival of the patient, although
it may be required for adequate metabolic control. It has
a strong hereditary component and results from a com-
bination of insulin resistance, increased hepatic glucose
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output and progressive decline of glucose-stimulated in-
sulin secretion. Unlike type 1 diabetes, where there is an
absolute deficiency of insulin secretion, patients with
type 2 diabetes have insulin secretory capacity but insu-
lin levels are inadequate to overcome the concomitant pe-
ripheral insulin resistance, causing the development of
hyperglycemia [5].

Because there are geographical and ethnic variations
in the prevalence of type 2 diabetes, it is important to
study the disease in various populations. Epidemiologi-
cal studies have shown a high prevalence of type 2 diabe-
tes among the adult Arab population of the Gulf coun-
tries [6, 7]. In the United Arab Emirates, type 2 diabetes
is estimated to be about 20% of the adult population [8].
In a study on childhood and adolescent diabetes mellitus
in Al-Ain, United Arab Emirates, the authors observed
an emergence of type 2 diabetes in their pediatric popula-
tion. Of 96 children newly diagnosed with diabetes mel-
litus between January 1990 to December 2001, 11 were
identified as type 2 diabetes [9].

In Kuwait, a high prevalence of type 2 diabetes among
adults has been reported [10]; however, the prevalence of
type 2 diabetes in the pediatric population is unknown.
Therefore, the aim of the present study was to determine
the prevalence of type 2 diabetes among 6- to 18-year-old
Kuwaiti children.

Subjects and Methods

Study Population and Sampling Plan

Children aged 6-18 years with type 2 diabetes were identified
at 182 schools (50 primary, 63 intermediate, and 69 secondary) in
Kuwait during the study period October 2000 to September 2002.
In each governorate (Capital, Hawally, Farwaniya and Ahmadi)
there is an educational district which includes male and female
schools for the three levels of education: primary, intermediate
and secondary. The 2000/2001 educational districts’ registers
were used as sampling frames. The number of schools was ran-
domly selected from these sampling frames proportional to the
number of schools in each district according to gender and level
of education. The number of schools included represented 48.4%
of the total number of schools at each study level. The total num-
ber of children surveyed was 128,918, i.e. 52,864 males and 76,054
females.

Children start primary, intermediate and secondary educa-
tion atage 6, 10, and 14 years, respectively. Each level lasts 4 years.
There are separate schools for male and female children. The pri-
mary data source was the medical records maintained by school
nurses for all children with type 2 diabetes for use in emergencies.
These medical records are created and updated annually by the
schools’ physicians, who undertake medical checkups for all
school children at the beginning of each year. Diagnosis of type 2
diabetes was made according to the World Health Organization
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[11] and the American Diabetes Association [12, 13] criteria which
stipulate that for epidemiological studies, estimates of diabetes
prevalence are based on fasting plasma glucose of =7.0 mmol/L
Type 2 diabetes was further confirmed by fasting plasma glucose
of =7.0 mmol/l. The secondary data source was independent of
the primary data source and was obtained by asking all children
and parents about the presence of type 2 diabetes. In order to com-
pare the frequency of a family history of diabetes in the affected
children, a group of healthy classmates without type 2 diabetes
was selected. The two groups of children, with and without dia-
betes, were similar in age, gender, and ethnic background.

Statistical Methods

Age- and sex-specific prevalence rates (per 100,000) for type 2
diabetes were computed by relating the number of accumulated
previous and newly diagnosed diabetic children up to the study
year 2002 to the number of children at the schools from which
children with diabetes were identified. Prevalence rates were ad-
justed to the 2002 Kuwaiti population to estimate the number of
children with diabetes at the ages that were studied in the popula-
tion. The population data were obtained from the 2002 report of
the Public Authority for Civil Information, Kuwait. The 95% con-
fidence intervals (CIs) were estimated and prevalence rates were
compared assuming a Poisson distribution [14]. The x? test was
used to assess the significance of the difference between the pro-
portion of a positive family history of diabetes in children with
and without diabetes. The x? test for linear trend was used to as-
certain the increase in the type 2 diabetes prevalence rate as age
increases.

Results

The age- and sex-specific prevalence rates of type 2
diabetes in Kuwaiti children and adolescents aged 6-18
years as of 2002 are presented in table 1. There were 45
children with type 2 diabetes identified from the sur-
veyed number of 128,918 school children aged 6-18 years,
giving an overall prevalence of 34.9 per 100,000 (95% CI
24.7-45.1). Of the 45 type 2 diabetic children, 25 were
male and 20 were female; the male/female ratio was
1.25:1. The prevalence among males was 47.3/100,000
(95% CI 28.7-65.8), which is higher than that in females
(26.3, 95% CI 14.8-37.8) and the difference was signifi-
cant (p = 0.05). The male/female ratio in prevalence was
1.8:1. There was a significant trend of an increase in prev-
alence of type 2 diabetes with age overall and in males (x?
for linear trend, p = 0.026 and 0.05 overall and in males,
respectively). The prevalence rates for the age groups 6-9
(primary), 10-13 (intermediate), and 14-18 (secondary)
in males were 17.3 (95% CI 0-41.4), 45.3 (95% CI 15.7-
74.8), and 65.2 (95% CI 31.0-99.3) per 100,000, respec-
tively. The corresponding prevalence rates for females
were 17.2 (95% CI 0-36.6), 20.4 (95% CI 2.5-38.4), and
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Table 1. Age- and sex-specific prevalence rates (per 100,000) of type 2 diabetes in Kuwaiti children and adoles-

cents aged 6-18 years

Age group, years Males Females Total

n prevalence rate n prevalence rate n prevalence rate
6-9 (primary) 2 17.3 (0-41.4) 3 17.2 (0-36.6) 5 17.2 (2.1-32.3)
10-13 (intermediate) 9 45.3 (15.7-74.8) 5 20.4 (2.5-38.4) 14 31.6 (15.0-48.1)
14-18 (secondary) 14 65.2 (31.0-99.3) 12 35.2 (15.3-55.1) 26  46.8 (28.8-64.8)
6-18 (all) 25 47.3 (28.7-65.8) 20 26.3 (14.8-37.8) 45 34.9 (24.7-45.1)

n = Identified number of children with type 2 diabetes. Figures in parentheses indicate 95% Cls.

Table 2. Age- and sex-adjusted prevalence rates (per 100,000) of type 2 diabetes in the Kuwaiti 2002 population

Age group, years Males Females Total
n adjusted prevalencerate  n adjusted prevalencerate  n adjusted prevalence rate
6-18 (all) 61  41.6(31.2-52.0) 35 24.6(16.4-32.7) 96  33.2(26.6-39.9)

n = Estimated number of children with type 2 diabetes in the Kuwaiti 2002 population. Figures in paren-

theses indicate 95% Cls.

35.2(95% CI 15.3-55.1) per 100,000, respectively. In com-
bined male and female prevalence rates, the highest prev-
alence was for age 14-18 (46.8), while the lowest was for
age 6-9 (17.2) per 100,000; the difference was significant
(p = 0.04).

Prevalence rates of type 2 diabetes were adjusted by
age and sex to the 2002 Kuwaiti population. The number
of 6- to 18-year-old children with type 2 diabetes in the
2002 population was estimated to be 96 in a population
of 289,044, resulting in an overall age-adjusted preva-
lence rate of 33.2 (95% CI 26.6-39.9) per 100,000 popula-
tion. The age-adjusted prevalence rate was 41.6 (95% CI
31.2-52.0) in males and 24.6 (95% CI 16.4-32.7) in fe-
males in the 2002 Kuwaiti population; the difference was
significant (p = 0.013; table 2).

There was no significant difference in prevalence be-
tween regions. Children with type 2 diabetes had a sig-
nificantly higher frequency (51.1%) of a positive family
history of diabetes than children of a similar age (22.2%)
without type 2 diabetes (p = 0.004). Similarly, children
with type 2 diabetes had a significantly higher frequency
(42.2%) of a positive family history of type 1 diabetes than
children without type 2 diabetes (8.9%) (p = 0.001; ta-
ble 3).
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The mean age *+ standard deviation of children with
type 2 diabetes was 14.2 * 3.0 years in the whole group;
14.3 * 2.8 and 14.1 £ 3.4 years in males and females,
respectively. In both sexes, the onset of type 2 diabetes
occurred in 5 (11.1%) of children at the age of 6-9 years,
in 14 (31.1%) at the age of 10-13, and in 26 (57.8%) at the
age of 14-18 years.

Discussion

The present study focused on determining the preva-
lence of type 2 diabetes among Kuwaiti children and ad-
olescents while previously emphasis has been placed on
the study of type 2 diabetes in adulthood [10]. Type 2
diabetes in children was considered as a rarity until re-
cently as there are no population-based prevalence data
for type 2 diabetes in children except for North American
Indians [15].

The prevalence of type 2 diabetes varies among differ-
ent populations. Type 2 diabetes in children and adoles-
cents, which is emerging as a global epidemic, was first
described in Pima Indian adolescents of Arizona (USA)
in 1979 [16] and subsequently reported among various
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Table 3. Family history of diabetes mellitus in Kuwaiti children with type 2 diabetes and in children without

type 2 diabetes
Family history of type 1 Family history of type 1 or 2
diabetes diabetes
n % n %
Father only
Children with type 2 diabetes 12 26.7 16 35.6
Children without type 2 diabetes 2 4.4 7 15.6
p value 0.007 0.030
Mother only
Children with type 2 diabetes 8 17.8 9 20.0
Children without type 2 diabetes 2 4.4 4 8.9
p value 0.09 0.134
Father or mother
Children with type 2 diabetes 19 422 23 51.1
Children without type 2 diabetes 4 8.9 10 222
p value 0.001 0.004

p values are based on the x? test.

minority non-Caucasian ethnic groups in the USA, Can-
ada, Australia, New Zealand and among children from
Japan, Hong Kong, Libya and Bangladesh [17] as well as
in Asian and Arab children from the UK [1]. Among Jap-
anese school children, the prevalence of type 2 diabetes
has increased in 20 years, from 2 to 76 per 100,000 indi-
viduals [18]. A study in Libya [19] revealed an incidence
of type 2 diabetes (0-34 years at onset) of 19.6 and 35.3
per 100,000 individuals for males and females, respec-
tively. In the present study, the prevalence rate for type 2
diabetes was 34.9 per 100,000 children aged 6-18 years
and accounts for 11.5% of all school children presenting
with diabetes. The prevalence of type 2 diabetes in Native
Indian children in Manitoba was 53 per 100,000 children
1-14 years of age. In general, type 2 diabetes seems to ac-
count for 8-45% of all youth presenting with diabetes
mellitus, depending on geographical location and racial
composition [5]. It seems that in populations with a high
prevalence of type 2 diabetes in adults, there may be a
spread of the disease to its pediatric population as report-
ed in Japan [20].

A feature of the pattern of prevalence of type 2 diabe-
tes in this study was the high percentage of children in
the age group 14-18 years (57.8%), as the prevalence rate
in this group was the highest (46.8 per 100,000) as previ-
ously reported for children during mid-puberty [5]. This
is most likely due to the temporary evolution of insulin
resistance during pubertal maturation. This insulin re-
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sistance of puberty is manifested by a reduction of ap-
proximately 30% of in vivo insulin action in adolescents
compared with prepubertal children or adults [21, 22].
Puberty is associated with transient insulin resistance
and hyperinsulinemia compared with prepuberty and
young adulthood. Pubertal insulin resistance is attrib-
uted to increased growth hormone secretion during pu-
berty and not to sex hormone secretion [23].

Our data showed that the prevalence of type 2 diabetes
was higher in males than females, overall or at any age
group. This result is inconsistent with other studies [18,
19] which concluded that female children and adoles-
cents were more susceptible to the risk of developing type
2 diabetes. However, in a Libyan study, children younger
than 15 years of age of both sexes were shown to have a
similar level of type 2 diabetes prevalence [19]. Our result
may be explained by the fact that none of the 20 females
with type 2 diabetes had conditions associated with insu-
lin resistance, such as polycystic ovary syndrome, which
is considered as a risk factor for type 2 diabetes in adoles-
cent females [24]. In the meantime, the present study did
not show a difference in prevalence between regions,
most probably because Kuwait is a small country with no
climatic, geographical or environmental variations be-
tween the governorates.

The present study showed a remarkably high frequen-
cy of a positive family history of type 1 diabetes among
the parents of children with type 2 diabetes as well as in
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the background population. That 42.2% of children with
type 2 diabetes had a family history of type 1 diabetes is
consistent with the notion that diabetes etiology involves
exposure to environmental factors in genetically suscep-
tible individuals. Children with parents having diabetes
are at increased risk of developing the disease. The famil-
ial disposition to diabetes in children could be related to
either impaired insulin action or impaired insulin secre-
tion as a risk factor. Prepubertal healthy children with a
family history of type 2 diabetes have nearly 25% lower
in vivo insulin sensitivity than age- and body composi-
tion-matched children without a family history of type 2
diabetes [25]. Thus, this familial risk of lower insulin sen-
sitivity when compounded with adverse environmental
conditions of high energy intake and low energy expen-
diture may ultimately express itself in type 2 diabetes.

The frequency of a positive family history of diabetes
among parents in the population without type 2 diabetes
is different from other populations in being almost one
half (22.2%) of the frequency of a positive family history
in affected children with type 2 diabetes (51.1%). The
high frequency of a family history of type 1 diabetes
(42.2%) in parents of children with type 2 diabetes sup-
ports the proposition that a family history of type 1 dia-
betes is associated with a greater frequency of type 2 dia-
betes and vice versa. The relationship between type 1 and
type 2 diabetes may suggest a genetic association between
the two diseases. In addition, similar environmental risk
determinants for type 1 and type 2 diabetes may also ex-
plain the association.

The age of onset of type 2 diabetes is steadily decreas-
ing as a consequence of rapid modernization with major
lifestyle changes resulting in childhood obesity, insulin
resistance inducing glucose intolerance and premature
atherosclerosis. This has an impact on clinical and eco-
nomic aspects of diabetic care in childhood and adoles-
cence.

In Kuwait, the overall prevalence rate of type 2 diabe-
tes among adults was reported as 7.6% in 1995 [26]. In
another study [10], the overall prevalence rate of type 2
diabetes among Kuwaiti adults aged =20 years was 14.8%
and presented at a relatively young age. This indicates
that changes in environmental factors may be causing a
rapid rise in the prevalence of type 2 diabetes. Obesity is
now the most common nutritional disease of children
[27], and its prevalence continues to escalate. Of Kuwaiti
children, 26.5% are obese, which is higher than the prev-
alence reported in other populations [27]. Despite a strong
genetic component in obesity, its increasing prevalence is
widely ascribed to environmental factors that promote
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the expression of obesity. The negative impacts of obesity
on insulin sensitivity and disturbances in the pathogen-
esis of glucose metabolism are evident early in childhood.
Moreover, the amount of visceral fat is directly correlated
with insulinemia and negatively with insulin sensitivity
[15]. Accordingly, obesity in children appears to be a ma-
jor risk factor for type 2 diabetes [15]. The high preva-
lence of obesity among Kuwaiti children has a role in ac-
counting for the high prevalence of type 2 diabetes. In a
population like Kuwait with a high prevalence of type 2
diabetes in adults, there may be a spread of the disease to
its pediatric population. Kuwaitis constitute a young
population (52.5% of the 2001 population is younger than
20 years) and have a high crude birthrate (30.9/1,000 pop-
ulation) [28]. Consequently, if the prevalence of type 2
diabetes continues to increase, the number of children
and adolescents with the disease will multiply rapidly.

Conclusion

Kuwait is among the populations with the highest
prevalence of type 2 diabetes in adults, which is spreading
to children and adolescents. Type 2 diabetes is no longer
a disease of adults only. Over the last decade, there has
been an increase in the number of children and adoles-
cents with type 2 diabetes, making it an emerging and
serious public health problem. Efforts need to be initiated
to address treatment and prevention strategies of type 2
diabetes in youth.
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