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(" ABSTRACT

Objective: This study aimed to determine the prevalence of pre-diabetes and diabetes among over-
weight and obese children in urban schools and factors associated with them, in Batticaloa District, Sri
Lanka.

Methods: A school based cross-sectional descriptive study was conducted to collect data on socio-
demographic information, eating habits and physical activities, using a validated, pre-tested question-
naire. In addition, anthropometric measurements and glycosylated haemoglobin (HbA1c) test were per-
formed. Multivariate logistic regression analyze was performed to identify the factors associated with
glycemic status by using SPSS v23.

Results: Out of the 269 children recruited, 59% were obese. Prevalence of pre-diabetes (HbAlc 5.7%-
6.4%) and diabetes (HbAlc = 6.5%) were 20.1% (95% CI 15.5%-25.4%) and 3.3% (95% CI 1.5%-6.3%)
respectively. Multivariate regression shows that having a BMI of = 27.5Kg/m? (AOR=2.69), male gender
(AOR=2.71) and ethnicity (AOR = 2.58) were found to be significant factors for higher HbAlc (25.7%).

Conclusions: Prevalence of prediabetes and diabetes among overweight and obese school children was
high and mainly associated with body weight which is a modifiable risk factor. Lifestyle modifications fo-
cusing on weight reduction among overweight and obese school children especially boys, need to be car-
ried out.

\_ Keywords: Overweight, Obesity, Child, Prediabetic State, Glycated Hemoglobin A, Ethnic Groups Y.

INTRODUCTION over 650 million were obese. In 2020, 39 million
children under the age of 5 were found to be over-
weight or obese3. At present, the increase in child-
hood obesity is an evolving concern in the devel-
oping nations and, it is expected that these na-
tions would face heavy socio-economic and in
public health burden in the near future.

The proportion of overweight and obesity among
children and adolescents is increasing rapidly in de-
veloping countries specially in Sri Lanka.l2 The
World Health Organization (WHO) report on obesity
and overweight in 2021 showed that the global
prevalence of obesity has nearly tripled since 1975.
It further showed that in 2016, more than 1.9 billion It is reported that childhood obesity is a common
adults (218 years) were overweight and of these problem in Sri Lanka.5 A Sri Lankan study con-
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ducted among urban children between 5-18 years
showed a prevalence of obesity and overweight as
10.3% and 11.3% respectively.¢ Childhood obesity
is the precursor of insulin resistance and dyslipidem-
ia which are the key elements of metabolic syndrome
among children that is rapidly increasing in Sri
Lanka.” Behavioral changes seen over the recent
past, such as consumption of diets with high fat and
refined carbohydrates, increase in physical inactivity
and sedentary behavior and target oriented educa-
tion are factors contributing to the development of
childhood obesity.8 Obesity in turn affects children
physically and psychologically and leads to the
development of non-communicable diseases
(NCDs) such as Type -2 diabetes mellitus (T2DM),
hypertension, heart diseases, stroke, liver diseas-
es, breathing problems and cancer.® Moreover, it
has been reported that T2DM was observed
among 80% of overweight and 60-90% of obese
children.10

Overweight and obesity are defined by the Body
Mass Index (BMI) and BMI remains the best
method to measure adiposity.!! In addition, use of
Glycosylated hemoglobin (HbA1c) levels was rec-
ommended by the American Diabetes Association
(ADA) for the screening of pre-diabetes in both
children and adolescents.12 HbAlc is a reliable bi-
omarker which is utilized for estimating the glu-
cose levels over the past three months.13

Overweight and obesity in children leads to the
early development of T2DM. Thus, recognition of
impaired glucose tolerance in these children is vi-
tal for interventional programmes. We could not find
any reported studies on the prevalence of pre-
diabetes and diabetes and its associated factors
among overweight and obese school children in
Sri Lanka, especially in Batticaloa district. There-
fore, we aimed to determine the prevalence of
pre-diabetes and diabetes among overweight and
obese children and their related factors in urban
schools in Batticaloa District, Sri Lanka.

METHODS

A quantitative cross-sectional descriptive study
was conducted in advanced level students (grades
12 and 13) of thirteen 1AB category schools. Only 1
AB category school was selected in order to include
all streams (Science, Mathematics, Commerce, Arts,
Agriculture and Technology). All male and female
overweight and obese students who were willing
to participate in the study were included. Over-
weight and obesity were defined as a BMI of 23.0-
27.4 kg/m? and 2 27.5 kg/m? respectively!*. A total
of 269 students were recruited in this study based
on their BMI.

A validated, pre-tested questionnaire was used to
collect the data on participants’ socio-demographic
information, dietary habits, and exercise details. The
questionnaire was developed in English by the inves-

tigators and was validated through judgmental valid-
ity and content validity by a group of field experts.
Back translation method was used to translate the
questionnaire. The validated questionnaire was pre-
tested among school children (1C school) who
matched the inclusion criteria. A few modifications
were made as needed. The translated Tamil version
of the questionnaire was used to collect data.

In addition to socio-demographic information of par-
ticipants, measurement of weight, height and waist
and hip circumference were documented. Weight
was measured using Seca beam scale, kilogram (Kg)
up to the nearest 100 g with the participant wearing
no shoes. Height was recorded in centimeter (cm).
The participant was standing barefoot, with feet to-
gether, with head, shoulders, buttocks and heels
touching the back of the stadiometer with the head
facing straight parallel to the floor. At this point, the
lower orbital margin and tragus kept in a single hor-
izontal line. Measurement for height was taken to
nearest 1cm. The participant’ waist and hip circum-
ferences were measured with a measuring tape
while they were standing. Waist circumference was
measured as the horizontal level at the midpoint be-
tween lower margin of costal margin and upper
margin of iliac crest in the mid axillary line in stand-
ing position at the end of normal expiration with the
tape parallel to the floor. Hip circumference was
measured around the broadest part of the buttocks.

HbA1c was estimated from a venous sample of blood
which was collected by a trained registered nurse.
Fasting status was not considered as it was not indi-
cated for estimation of HbAlc. HbAlc was measured
by a NGSP certified method of high-performance lig-
uid chromatography. Glycemic status was catego-
rized based on HbAlc value as follows; HbAlc
<5.7%- no diabetes (normal); 5.7%-6.4% - pre-
diabetes and = 6.5% - diabetes.12 Further, any chron-
ic disease status of the participant was identified and
confirmed based on the diagnosis card issued by the
hospital. In addition, regular sport activity was de-
fied as ‘student who regularly involved in any sport
activity for 150 minutes or more per week’.

Data collection was conducted by trained data collec-
tors under the supervision of researchers. Ethical
approval for the study was obtained from the Ethic
Review Committee, Faculty of Health-Care Sciences,
Eastern University of Sri Lanka. An assent was ob-
tained from who were <18 years and the written in-
formed consent obtained from study participant who
were 219 years prior to the data collection.

Data were analyzed using SPSS v 23. Percentage and
mean of the variables were obtained using descrip-
tive statistics. One-way ANOVA was used to assess
the mean differences between three or more cate-
gorical variables after checking the normality distri-
bution?s. Statistically significant association was de-
termined between glycemic status and other
sociodemographic details using chi - square test.
Chi-square and unadjusted odds ratio with their
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95% confidence interval (95% CI) were used to
check the significance of the differences observed.
Univariate and multivariate analyzes were used to
identify the factors associated with glycemic status.
A p value of <0.05 was set as statistical significance.

RESULTS

The prevalence of pre-diabetes and diabetes were
20.1% (95% CI 15.5-25.4%) and 3.3% (95% CI 1.5-
6.3%) respectively. Among the nine children (n=9)
who had HbAlc levels in the diabetes range, two
were already diagnosed with diabetes (Table 1).

Among all participants who had abnormal glycemic
status (HbAlc 25.7%), about 65.1% of them were
boys and they were nearly 3.7 times more likely to
have abnormal glycemic status compared to the girls
(OR 3.70,95% CI= 2.04- 6.70). Similarly, participants
with Muslim ethnicity were nearly 5.5 times more
likely to have abnormal glycemic status compared to
other ethnic groups (OR 5.49, 95% CI=2.99-10.09).
In addition, participants who had BMI of =27.5
Kg/m? (OR 3.12, 95% CI= 1.62- 6.00) ate yam at

more than one meal per day (OR 2.32,95% CI=1.24 -
4.37) and took sweets for dessert regularly after a
main meal (OR 2.04, 95% CI= 1.00 - 4.13); and they
were nearly three times, two times and two times
more likely to have abnormal glycemic status com-
pared to their counterparts respectively (Table 2).

Multivariate logistic regression was applied to con-
trol the confounding factors and to predict the varia-
bles associated with glycemic status of HbAlc 25.7%.
Having had BMI of = 27.5Kg/m? (AOR=2.69), being a
boy (male gender) (AOR=2.71) and belong to Muslim
ethnicity (AOR=2.58) were found to be statistically
significant factors for having high HbAlc levels
(25.7%). (Table 3)

Table 1: The prevalence of pre-diabetes and dia-
betes (n=269)

Glycemic status Total n (%)
<5.7% (No Diabetes) 206 (76.6)
5.7 %-6.4 % (Pre- diabetes) 54 (20.1)
26.5 % (Diabetes) 9(3.3)

Table 2: Factors associated with abnormal glycemic status of the study participants (n=269)

Factors Abnormal glycemic status  No Diabetes Unadjusted OR p value
(HbA1c 2 5.7%) (n=63) (HbA1c <5.7%) (n=206)  (95% CI)

Gender
Boys 41 (65.1) 69 (33.5) 3.70 (2.04-6.70) <0.005
Girls 22 (34.9) 137 (66.5)

Ethnic Background
Muslim 42 (66.7) 55 (26.7) 5.49 (2.99-10.09)  <0.005
Other 21 (33.3) 151 (73.3)

BMI category (Kg/m?2)
227.5 49 (77.8) 109 (52.9) 3.12 (1.62 -6.00) <0.005
<275 14 (22.2) 97 (47.1)

Present Chronic disease
Yes 11 (17.5) 32 (15.5) 1.15 (0.54-2.44) 0.72
No 52 (82.5) 174 (84.5)

Permanent residence
Urban 41 (65.1) 137 (66.5) 0.99 (0.52 -1.70) 0.83
Rural 22 (34.9) 69 (33.5)

Living with
Parents 59 (93.7) 200 (97.1) 0.44 (0.12-1.62) 0.21
Children home 4(6.3) 6(2.9)

Family history of DM
Yes 33(52.4) 89 (43.2) 1.45 (0.82-2.55) 0.20
No 30 (47.6) 117 (56.8)

Outside food
No food 11 (17.5) 52 (25.2) 0.63 (0.30-1.30) 0.20
Main meal/Snacks 52 (82.5) 154 (74.8)

Usage of wheat flour foods
> 2 meals per day 12 (19.0) 27 (13.1) 1.56 (0.74-3.30) 0.24
1 meal per day 51 (81.0) 179 (86.9)

Regular sport activities
No 40 (63.5) 156 (75.7) 0.56 (0.31-1.02) 0.06
Yes 23 (36.5) 50 (24.3)

Use of any Yams
>1 meal per day 47 (74.6) 115 (55.6) 2.32 (1.24-4.37) 0.00
Never 16 (25.4) 91 (44.2)

Use of dessert after main meal (n=219)
Sweets 33 (71.7) 96 (55.5) 2.04 (1.00-4.13)  0.04
Fruits 13 (28.3) 77 (44.5)
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Table 3: Binary logistic regression analysis model

Predictor variables Coefficient (B) Wald statistics df pvalue AOR 95%CI

Age (years) 0.22 0.84 1 0.35 1.24 0.78-1.97
Sweets as a dessert after meal 0.6 2.25 1 0.13 0.55 0.25-1.20
Living in an urban residence 0.24 0.35 1 0.55 1.27 0.57-2.82
Having yams 21 meal per day 0.33 0.67 1 0.41 0.72 0.36 -1.58
BMI of = 27.5Kg/m? 1 495 1 0.02 2.69 1.13-6.45
Being a boy (male gender) 1 4.14 1 0.04 2.71 1.04 -7.00
Muslim ethnicity 1.05 5.34 1 0.02 285 1.17-6.94

AOR - Adjusted odd ratio

DISCUSSION

This was the first survey conducted to determine the
prevalence of pre-diabetes and diabetes among
overweight and obese children in urban schools in
Batticaloa District, Sri Lanka. In this study, the preva-
lence of diabetes and pre-diabetes in children with
BMI of 23 kg/m? and over was 3.3% and 20% re-
spectively, which shows that the risk of becoming di-
abetic from a pre-diabetic state is more in this group
of children. Similarly, a cohort study conducted in the
Emirati reported that 21.9% of children were found
to have pre-diabetes.!® Another study on screening
obese children and adolescents for glucose intoler-
ance and T2DM conducted in Portugal found that ac-
cording to HbAlc, 32 obese children had pre-
diabetes status and one had diabetes.1”

However, in contrast, a prevalence of T2DM (HbAlc
> 6.5%) among obese school children was 0.5%18
and was similar to values reported in few studies
conducted in European countries.?20 [n addition, a
few studies conducted among children also have re-
ported a low the prevalence of T2DM few decades
ago.2122 It is clear that the prevalence of pre-diabetes
and diabetes among children has been increased
during the time. This rate of increasing prevalence of
diabetes and pre-diabetes among children is influ-
enced by various factors such increased prevalence
of overweight/obesity, hypercholesterolemia, in-
creased positive family history and sedentary life-
style. Elevated insulin resistance in endothelial cells
has been linked to the onset of T2DM, which is fol-
lowed by compensated hyperinsulinemia.23

Pre-diabetes/diabetes status (HbAlc = 5.7%) were
identified particularly among boys, who had BMI of 2
27.5Kg/m?2 and who were Muslim ethnic group in the
present study. Similarly, a study reported that boys
have a higher prevalence of prediabetes than girls.24
However, a study conducted by Kleber et al (2010)
reported that there is no gender difference.2> This
difference could be explained that higher percentage
of boys live in urban residents and had a more family
history of diabetes than girls. Although the number
of girls with overweight and obesity was more, the
boys had a significantly higher number of abnormal
HbA1C values. This is in contrast to the findings in
the adult population where the incidence of diabetes
is higher in women. This may indicate that females
are at less risk during their adolescent period and

the risk increases with age. However, further studies
are required to identify the reason for increased risk
in later life.

Further, study indicated that BMI of = 27.5Kg/m? is
associated with pre-diabetes/diabetes. Similarly, a
few studies reported a positive relationship between
body weight and the glycemic status.z627 Qbesity has
been linked to lower glucose tolerance, changes in
glucose-insulin balance, insulin metabolic clearance,
and insulin-stimulated glucose disposal.28 Hence,
lifestyle changes such as physical activity and healthy
eating must be promoted among young schoolchil-
dren in order to maintain a normal body weight,
which lowers the risk of cardiovascular disease and
metabolic problems later in life.2°

In addition, children from the Muslim community
had significantly higher abnormal HbA1C values and
which was significantly associated with pre-
diabetes/diabetes status. According to the American
Diabetes Association, Hispanic ethnic groups have a
twofold higher chance of acquiring T2DM than other
demographics.39 Further, it was noted in a another
study that ethnic disparities among the HbAlc
groups are significant.3! However, Lee et al. (2011)
found no statistically significant difference between
glycemic status and ethnic groupings in a study of
overweight or obese children.32 Since all children in
this study are from the same geographical region,
further studies in dietary habits and genetic muta-
tion in this population need to be conducted.

CONCLUSIONS

Prevalence of prediabetes and diabetes among
overweight and obese school children was high and
mainly associated with modifiable risk factor of body
weight. Thus, lifestyle interventions focusing on
weight reduction through sport activities and
healthy eating should be carried out among over-
weight and obese school children in order to prevent
premature development of T2DM.
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