Received: 15 June 2020 | Revised: 29 September 2020

Accepted: 16 October 2020

DOI: 10.1111/pedi.13145

OBESITY/INSULIN RESISTANCE, TYPE 2 DIABETES

Prevalence of different states of glucose intolerance in
Sri Lankan children and adolescents with obesity and its
relation to other comorbidities

Iris Cibal?® |

Peter Bergsten??® |

Elisabet Rytter” |

Loretta S. Warnakulasuriya® |
Marie Dahlbom'? |

Dulani L. Samaranayake® |

Adikaram V. N. Adikaram® |
Manel M. A. Fernando® |
K. D. Renuka Ruchira Silva® |

V. Pujitha Wickramasinghe!® | Anders H. Forslund®?

Department of Women's and Children's
Health, Uppsala University, Uppsala, Sweden

2Uppsala University Children's Hospital,
Uppsala, Sweden

3postgraduate Institute of Medicine,
University of Colombo, Colombo, Sri Lanka

“Health Unit, Bandaranaike International
Airport, Katunayake, Sri Lanka

5Department of Medical Cell Biology, Uppsala
University, Uppsala, Sweden

4Colombo North Teaching Hospital, Ragama,
Sri Lanka

7Clinical Nutrition and Metabolism,
Department of Public Health and Caring
Science, Faculty of Medicine, Uppsala
University, Uppsala, Sweden

8Department of Community Medicine,
University of Colombo, Colombo, Sri Lanka
9Department of Applied Nutrition, Wayamba
University of Sri Lanka, Makandura, Sri Lanka
1%Department of Paediatrics, Faculty of

Medicine, University of Colombo, Colombo,
Sri Lanka

Correspondence
Iris Ciba, Department of Women's and

Children's Health, Uppsala University, Uppsala,

Sweden.
Email: iris.ciba@kbh.uu.se

Funding information
Diabetesférbundet; European Commission,
Grant/Award Number: 279153; Gillbergska

Abstract

Background: South Asian adults have higher prevalence of obesity comorbidities
than other ethnic groups. Whether this also is true for Sri Lankan children with obe-
sity has rarely been investigated.

Objective: To investigate prevalence of glucose intolerance and other comorbidities
in Sri Lankan children with obesity and compare them with Swedish children. To
identify risk factors associated with glucose intolerance.

Subjects: A total of 357 Sri Lankan children (185 boys), aged 7 to 17 years with BMI-
SDS 22.0 from a cross-sectional school screening in Negombo. A total of 167 subjects
from this study population were matched for sex, BMI-SDS and age with 167 Swedish
subjects from the ULSCO cohort for comparison.

Methods: After a 12 hour overnight fast, blood samples were collected and oral glu-
cose tolerance test was performed. Body fat mass was assessed by bioelectrical
impedance assay. Data regarding medical history and socioeconomic status were
obtained from questionnaires.

Results: Based on levels of fasting glucose (FG) and 2 hours-glucose (2 hours-G), Sri
Lankan subjects were divided into five groups: normal glucose tolerance (77.5%,
n = 276), isolated impaired fasting glucose according to ADA criteria (9.0%, n = 32),
isolated impaired glucose tolerance (8.4%, n = 30), combined impaired fasting glucose
(IFG) + impaired glucose tolerance (IGT) (3.1%, n = 11) and type 2 diabetes mellitus
(2.0%, n = 7). FG, 2 hours-insulin and educational status of the father independently
increased the Odds ratio to have elevated 2 hours-G. Sri Lankan subjects had higher

percentage of body fat, but less abdominal fat than Swedish subjects.
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1 | INTRODUCTION

Rising childhood obesity rates worldwide lead to an increase in the
prevalence of obesity-related complications, such as type 2 diabetes
mellitus (T2DM), non-alcoholic fatty liver disease (NAFLD), hyperten-
sion and other non-communicable diseases, and to a decrease in the
age of onset. The World Obesity Federation estimated in a report,
using data from the Global Burden of Disease collaborative, that by
2025 globally some 268 million children aged 5 to 17 years may be
overweight, including 91 million with obesity. They also estimated the
likely numbers of children in 2025 with obesity-related comorbidities
like impaired glucose tolerance (IGT, 12 million) and T2DM
(4 million).

Disturbances of glucose metabolism, such as impaired fasting glu-
cose (IFG) or impaired glucose tolerance (IGT), are common among
children and adolescents with obesity all over the world. High preva-
lence rates of IGT in children and adolescents with obesity between
15% and 25% have been reported from the United States,?
Bangladesh,s'4 Thailand® and Iran.® Prevalence rates of IGT in Europe
are generally lower with rates between 3% and 5%, for example, in
[taly”"1° and the Netherlands,'* but reported prevalence varies signifi-
cantly with higher rates of 15% to 19% observed in some studies from
Spain'? and Montenegro,*® and 11% reported from Austria.'* Some
Scandinavian studies also observed high prevalence of both IGT** and
especially IFG, which seems to be more common in northern
European countries than in other parts of Europe.?>*¢ There are only
sparse data regarding the prevalence of glucose intolerance in South
Asian and especially in Sri Lankan children with obesity, but one
recent study in 202 children with obesity from Colombo reported a
prevalence of 11.4% for IGT and 10.9% for IFG (according to ADA
criteria).t”

Among Sri Lankan adults, the prevalence of T2DM was about
10.3% in a study conducted from 2005 to 2006, and some form of
dysglycemia was present in 21.8% of the participants.*® The same
study claimed a projected diabetes prevalence of 13.9% in Sri Lanka
for the year 2030. Compared with many other ethnic groups, South
Asian populations are, due to their fast economic growth and genetic
predisposition, prone to develop many adverse metabolic conse-
quences at an earlier degree of obesity, including insulin resistance,*’
glucose intolerance, and T2DM.?° A WHO expert consultation
concluded that the proportion of Asian people with a high risk of
developing T2DM and cardiovascular disease is substantial at BMI
values lower than the existing WHO cut-off point for overweight
(> 25 kg/m?).2! Furthermore, people born in the Indian sub-continent
who had migrated to England and Wales were found to have higher

mortality from both ischemic heart disease and cerebrovascular

Conclusion: High prevalence in Sri Lankan children with obesity shows that screening

for glucose intolerance is important even if asymptomatic.
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disease than the national average.?2 Another study compared the rela-
tionship between obesity and prevalent diabetes across ethnic groups
in the UK Biobank cohort and found that for the equivalent preva-
lence of diabetes at 30 kg/m? in white participants, BMI equated to
22.0 kg/m? in South Asians.?3

The overall observation is that South Asian adults have higher
prevalence of comorbidities at the same BMI compared with other
ethnic groups. Whether this also is true for Sri Lankan children with
obesity particularly compared to obese children of other origins has
rarely been investigated. One previous study examined whether
British South Asian children differ in insulin resistance, adiposity, and
cardiovascular risk profile from white children, and found that the ten-
dency to develop insulin resistance observed in British South Asian
adults was also apparent in children.?* Another study in 6 to 11 year
old randomly selected South Indian children with different weight sta-
tus showed an overall prevalence of prediabetes or diabetes of 3.7%,
with the highest prevalence of 12.7% in girls with abdominal obe-
sity.? A recent study in 5 to 15 year old randomly selected Sri Lankan
children from the Colombo district found that insulin resistance
among Sri Lankan children was high in all groups of weight status,
even if many children were able to control glucose levels within nor-
mal limits.2® Even if these studies suggest a relatively high prevalence
of glucose intolerance in South Indian and Sri Lankan children with
obesity, the data has not been compared with data from children with
obesity of other ethnic origins.

The aim of the present study was to investigate the prevalence of
different states of glucose intolerance in Sri Lankan children and ado-
lescents with obesity and its relation to other metabolic and anthro-
pometric parameters. Furthermore, this study compared body
composition and prevalence of obesity comorbidities among Sri
Lankan and Swedish children with the same degree of obesity
expressed as BMI-SDS.

2 | METHODS

21 | Study design and setting

All children identified as having obesity (BMI-SDS 2 +2SD according
to WHO, 2007) in a cross-sectional survey carried out in Sri Lankan
schools?” were invited to the Diabetes Screening and Vocational
Training Centre of the Lions Club of Negombo Host for further exami-
nation and possible treatment. Children with chronic diseases, sec-
ondary causes for obesity or on long term medication were excluded
according to judgment of the clinical examiner. The original school

screening was conducted between July 2013 and March 2014 in eight
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schools in the Negombo educational zone of the Western Province of
Sri Lanka. The assessments of children with obesity at the Diabetes
Screening and Vocational Training Centre of the Lions Club of

Negombo Host were carried out between July and September 2014.

2.2 | Study population

Out of 13 688 children participating in the school screening, 667 were
identified as having obesity at screening, and the 500 that were
7 years or older were invited to the Diabetes Screening Centre. Of
the 500 invited children with obesity, 430 came for assessments at
the centre. Out of these 430 children, 404 completed baseline assess-
ments, whereas 26 of them could not complete them due to difficul-
ties to go through oral glucose tolerance test (OGTT). In the analysis,
357 children with complete OGTT and fulfilling the WHO criteria for
obesity (BMI-SDS > +2SD) were included (Figure 1).

2.3 | Baseline assessments
Baseline assessment at the Diabetes Screening and Vocational Train-
ing Centre of the Lions Club of Negombo Host was done after a

t,28 waist circumference (WC),%’

12 hour overnight fast. Height, weigh
and blood pressure were measured by trained research assistants
using a standardized protocol. To limit the impact of inter-operator

variability, the same six assistants who had undergone the same

l —> Did not complete screening

| 13 688 Completed school screening |

Overweight, underweight

% -
or normal weight

| 667 With obesity at school screening |

l - Age <7 years

‘ 500 Age = 7 years invited to the center ‘

l—) Did not attend assessments

’ 430 Assessments at the center ‘

l - Not able to complete OGTT

| 404 Complete OGTT |

l > BMI-SDS <2,0 at first visit

357 Included

FIGURE 1 Flow chart of subject numbers throughout the
screening procedure

training conducted all the measurements. Height (cm) was assessed
using a standardized, calibrated stadiometer and weight (kg) was
assessed using a standardized, calibrated scale with the patient wear-
ing light clothing and no shoes. WC (cm) was measured with a flexible
tape midway between the superior border of the iliac crest and the
lowest rib on the standing patient. BMI was calculated by weight
(kg) divided by height squared (m?) and BMI-SDS was calculated using
the software Microsoft Excel with the plugin LMSGrowth and the ref-
erence WHO 2007. The same software was used to calculate SDS for
both systolic and diastolic blood pressure. Waist-height-ratio (WHtR)
was calculated by dividing WC (cm)/height (cm). Pubertal staging was
assessed using visual charts,%® and wherever subject and parents were
not certain of the staging, with consent, the examiner assessed the
correct pubertal stage. In boys, testis size was assessed by the exam-

iner using Prader orchidometer.®!

24 | Blood sampling

Blood was drawn, after applying lidocaine/prilocaine (Emla) anesthetic
cream, to assess fasting glucose (FG), fasting insulin (Fl), total choles-
terol (TC), low-density lipoprotein cholesterol (LDL), high-density lipo-
protein cholesterol (HDL), triglycerides (TG), alanine transaminase
(ALT), aspartate transaminase (AST), and highly sensitive C-reactive
protein (hs-CRP). Serum was separated immediately and stored at
—20°C and analysis was conducted in batches at the biochemical labo-

ratory of the same centre.

2.5 | Oralglucose tolerance test
OGTT was performed after administering anhydrous glucose 1.75 g/kg
body weight to a maximum of 75 g and blood was drawn 2 hours later

for glucose (2 hours-G) and insulin (2 hours-I) measurements.

2.6 | Validation of glucose tolerance and metabolic
derangements

IFG was defined by FG 100 to 125 mg/dL according to ADA
(American Diabetes Association) criteria.®? IGT was defined by
2 hours-G between 140 and 199 mg/dL. T2DM was defined by
2 hours-G = 200 mg/dL and/or FG 2126 mg/dL. Based on levels of
FG and 2 hours-G, the subjects were divided into five groups (rep-
resenting states of glucose intolerance from NGT to T2DM) as having
normal glucose tolerance (NGT), isolated impaired fasting glucose (iso-
IFG), isolated impaired glucose tolerance (iso-IGT), combined IFG
+IGT (comb IFG + IGT) or T2DM.

Other metabolic derangements were identified as: FI 212 plU/mL*
TC 2200 mg/dL (25.17 mmol/L), LDL 2130 mg/dL (23.36 mmol/L),
HDL <40 mg/dL (<1.03 mmol/L), TG 2150 mg/dL (21.69 mmol/L)>*
AST >40 IU/L, ALT >40 IU/L%> hs-CRP >1 mg/dL.*® To assess insulin
resistance, HOMA-IR was calculated as (FGxFI)/22.5 (FG in mmol/L,
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Fl in plU/mL),*” and HOMA-IR >2.5 was used as cutoff value. 38’
Elevated blood pressure was defined as = + 2 SD for both systolic and

diastolic blood pressure.*®

2.7 | Body composition

Body fat mass (FM) was assessed by bioelectrical impedance assay
(BIA) using a platform-type, eight electrode In-Body 230 instrument
(InBody Biospace, South Korea), and % FM was expressed as a frac-
tion of total body weight. The device has been validated against
locally developed BIA prediction equations.**

2.8 | Liverultrasound

Ultrasound scan of the abdomen was conducted by an experienced
radiologist using a Siemens Acuson X300, to detect and grade differ-
ent stages of NAFLD. Results were reported as normal echogenicity

or hepatic steatosis categorized from grade 1 to 3.42

2.9 | Questionnaires

During assessments at the Diabetes Screening and Vocational Train-
ing Centre of the Lions Club of Negombo Host, the subjects and their
parents were asked to complete a questionnaire about their medical
history, socioeconomic status and family situation. One of the ques-
tions estimated the parents' educational level using a scale from 1 (did
not attend school) to 8 (post graduate training), where the options
1 to 4 were considered as lower educational level (“did not attend
school” up to “grade 6 to 10”) and the options 5 to 8 as higher educa-
tional level (“O-level=more than 10 years of school” up to “post gradu-
ate training”). Data regarding medical family history, physical activity
and nutritional habits were obtained from another questionnaire that

was completed at the original school screening.

210 | Comparison with Swedish study population

For comparison of amount and distribution of body fat as well as met-
abolic and lifestyle parameters, data from Swedish children and ado-
lescents with obesity included in the ULSCO (Uppsala longitudinal
study of childhood obesity) cohort were used.** The ULSCO cohort
consists of children and adolescents who are referred from schools or
other healthcare units to a pediatric specialist department for further
treatment of obesity. Sri Lankan subjects were matched for sex and
BMI-SDS (to the first decimal) as well as for approximate age
(£ 1 year) with Swedish subjects from the ULSCO cohort. The
matching procedure resulted in a study population of 167 (95 boys)
Sri Lankan and 167 (95 boys) Swedish subjects. Although 45% of the
ULSCO subjects included for comparison had at least one parent born

in another country than Sweden, only 1.75% (n = 7 subjects) had a

parent with South Asian origin, none of them Sri Lankan. In the Sri
Lankan study population, subjects of other than Sri Lankan origin, or
who had not been living in Sri Lanka during the last 5 years, were
excluded. Different ethnic groups within the Sri Lankan population
(Singhalese, Tamils, Burghers/Eurasian, Moors/Muslims) were repre-
sented in the study population. Blood samples and anthropometric
measurements from the Swedish subjects were collected according to
the ULSCO protocol.** For comparison of amount of body fat, body
composition in the ULSCO subjects was calculated according to the
manufacturer's instructions using the bioimpedance devices InBody
S20 (Biospace, Seoul, Korea) or Tanita MC980 (Tanita Corporation,
Japan) on a fasting subject who was instructed to empty the bladder
before the examination.*® The results were then compared with BIA
results from the Sri Lankan subjects derived from a different BIA

device.

2.11 | Ethical clearances

Ethics clearance for the screening of Sri Lankan school children's
nutritional status in Negombo was obtained from the Ethical Review
Committee of the Sri Lanka College of Pediatricians (SLCP). Ethical
approval for the following metabolic screening of children with obe-
sity connected to the screening process for a Metformin trial was
obtained from the Ethics Review Committee of Faculty of Medicine,
University of Colombo (EC-13-143). Only subjects with informed and
written consent were included in the study.*

All protocols and examinations performed on the Swedish sub-
jects within the ULSCO cohort have been approved by the Uppsala
Regional Ethics Committee (registration numbers 2010/036 and
2012/318). Informed and written consent is obtained from legal
guardians, and for subjects 212 years of age, written consent is also
obtained from the subjects themselves. Participation in the cohort is
voluntary, and consent can be withdrawn at any time by subjects and

legal guardians without having to state a reason.*®

212 | Statistical analysis

Statistical analysis was performed using the software IBM SPSS statis-
tics version 25. Continuous variables are presented as mean values
with SD. For comparison of two sample means, Student independent
t test was used when test criteria for parametric testing was fulfilled,
otherwise the non-parametric Independent-Samples Mann-Whitney
U test was performed. For comparison of means between the five
groups representing different states of glucose intolerance, one-way
ANOVA with post-hoc analysis and the non-parametric Kruskal-Wallis
test were performed. Correlations between parameters were calcu-
lated with Pearson bivariate correlation analysis and correlation coef-
ficient along with the P-value is presented. Univariate logistic
regression was used to study relation between the dependent variable
(IGT/DM) and independent variables. A multivariate logistic regression

model was then used to calculate the Odds ratios of different
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covariates regarding to the risk of having IGT/DM or IFG. P values
<.05 were considered statistically significant.

3 | RESULTS
3.1 | Characteristics of the Sri Lankan study
population according to state of glucose intolerance

Of the 357 subjects included, 51.8% (n = 185) were boys and 48.2%
(n = 172) were girls. Mean age was 11.9 years (+2.32 SD) and mean
BMI-SDS was 2.6 (+0.44 SD).

OGTT results showed that 77.5% (n = 276) of the subjects had
normal glucose tolerance (NGT). Isolated impaired fasting glucose
(iso-IFG) was present in 9.0% (n = 32) and isolated impaired glucose
tolerance (iso-IGT) in 8.4% (n = 30) of the subjects. Combined
IFG + IGT was present in 3.1% (n = 11) and T2DM in 2.0% (n = 7) of
the subjects (Figure 2A). One of the subjects fulfilled diabetes criteria
defined only by elevated FG of 127 mg/dL, but did not fulfill diabetes
criteria defined by 2-hours-glucose. Out of the other six subjects with
T2DM, three had IFG and three NFG. Six out of seven diabetic
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subjects had started pubertal development, and even the prevalence
of iso-IFG, iso-IGT and comb IFG + IGT was higher among pubertal
and post-pubertal
(Figure 2B).

Mean values of anthropometric measures and laboratory parame-

subjects than among pre-pubertal subjects

ters in the whole Sri Lankan study population and according to state
of glucose intolerance are shown in Table 1 and illustrated for some
parameters in Figure 3.

3.2 | Correlations between 2-hours-insulin and
2-hours-glucose according to state of glucose
intolerance

There was a significant positive correlation between 2-hours-insulin
and 2-hours-glucose in the whole Sri Lankan study population. When
analyzed only for the groups with normal 2-hours-glucose (NGT and
iso-IFG),
2-hours-glucose was still significant (Figure 4A). In the groups with
elevated 2-hours-glucose (iso-IGT, comb IFG + IGT, T2DM), there was

no significant correlation between 2-hours-insulin and 2-hours-

the positive correlation between 2-hours-insulin  and

Percent of pubertal subjects

NGT

iso IFG iso IGT comb IFG+IGT

State of glucose intolerance - pubertal subjects

Distribution of different states of glucose intolerance within the whole Sri Lankan study population, A; and according to pubertal
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TABLE 1 Anthropometric measures and laboratory parameters (expressed as mean values + SD) in the whole Sri Lankan study population

(total) and according to state of glucose intolerance

Total NGT
(n =357) (n=276)
Age? (years) 11.90 11.76
(+2.32) (+2.33)
BMI-SDS (WHO) 2.61 2.61
(+0.44) (+0.45)
Waist-height-ratio®< (WHtR) 0.58 0.58
(+0.04) (+0.04)
BIA Total body fat (% of 42.80 42.59
body weight) (£5.05) (£5.03)
Fasting glucose®cdefeh 88.60 85.59
(FG, mg/dL) (£10.61) (£6.95)
2 hours-glucose®P-ef&ii 116.77 108.61
(2 hours-G, mg/dL) (£27.69) (£13.61)
Fasting insulin®” (FI, plU/mL) 17.93 16.91
(£30.10) (£27.65)
2 hours-Insulin®® 80.63 73.00
(2 hours-I, plU/mL) (£64.97) (£54.99)
HOMA-IR? 3.93 3.55
(£6.65) (£5.64)
Total cholesterol (TC, mg/dL) 213.08 212.07
(£42.07) (£42.78)
LDL-cholesterol 130.83 129.87
(LDL, mg/dL) (£35.26) (£36.41)
HDL-cholesterol 52.94 53.14
(HDL, mg/dL) (£12.29) (£12.64)
Triglycerides (TG, mg/dL) 146.45 145.14
(£49.14) (£49.39)
hs CRP (mg/dL) 1.14 1.16
(+0.85) (+0.89)
ALT = GPT (U/L) 30.39 30.09
(£24.99) (£26.43)
AST = GOT (U/L) 25.44 25.54
(£12.99) (+13.53)
SBP® 106.75 106.24
(£11.08) (£10.27)
DBP 66.48 66.41
(+8.10) (£7.94)
SDS_SBP -0.62 -0.64
(£1.04) (£1.03)
SDS_DBP 1.12 1.12
(£0.91) (£0.90)
Note: Significant differences between groups.
NGT/iso-IFG.
PNGT/iso-IGT.
°NGT/comb IFG + IGT.
INGT/T2DM.

€lso-IFG/iso-IGT.
flso-IFG/comb IFG + IGT.
Elso-IFG/T2DM.
Mso-IGT/comb IFG + IGT.
iIso-IGT/T2DM.

iComb IFG + IGT/T2DM.

Iso-IFG
(n=32)
11.69
(£2.56)
2.58
(+0.49)
0.57
(+0.03)
43.45
(+5.48)
103.97
(+3.66)
113.38
(+12.50)
26.36
(+56.83)

50.48
(x47.23)

6.62
(x14.03)

218.18
(+33.01)

137.42
(+23.14)
52.25
(x11.15)
142.59
(+41.81)
1.03
(+0.73)
27.30
(+17.16)
23.45
(+8.83)
104.06
(+8.65)
65.94
(x7.87)
-0.86
(+0.80)

1.06
(x0.89)

Iso-IGT
(n =30)
12.87
(£1.87)
2.66
(+0.36)
0.60
(+0.05)
43.98
(+4.70)
86.79
(£6.95)
152.46
(£11.75)
17.49
(£8.21)
153.76
(£81.97)
3.71
(£1.70)
210.28
(£40.66)
126.98
(£31.07)
52.57
(£12.71)
153.67
(£56.93)
1.03
(+0.66)
35.50
(£23.75)
27.11
(£14.22)
109.83
(£9.51)
66.00
(£8.65)
-0.41
(£0.87)

1.03
(+0.93)

Comb IFG + IGT
(n=11)
12.82
(£1.47)
248
(+0.28)
0.58
(+0.03)
41.61
(£5.12)
107.69
(+4.00)
159.35
(£15.44)
20.47
(£22.74)
141.42
(£96.93)
5.39
(£5.71)
218.59
(£58.57)
136.10
(£50.03)
50.09
(£7.38)
162.02
(+47.62)
1.03
(+0.57)
30.98
(£15.38)
24.11
(£9.15)
114.55
(£27.34)
67.73
(£11.26)
-0.14
(£2.12)

1.22
(¥1.27)

T2DM
(n=7)
13.29
(£1.98)
2.74
(£0.40)
0.60
(+0.08)
44.00
(+5.32)
115.83
(£30.14)
234.36
(£77.79)
18.09
(£8.39)
131.05
(+100.93)
5.28
(£2.94)
233.11
(£27.31)
147.14
(£21.66)
53.86
(£9.37)
160.57
(+38.40)
1.63
(£1.13)
33.40
(+10.28)
25.14
(+£5.94)
112.86
(£10.75)
70.00
(£7.64)
-0.23
(£0.86)

1.49
(+0.84)

Overall

P-value

<.05

.70

<.05

46

<.0001

<.0001

.64

49

.94

.61

46

76

.85

<.05

76

.80
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FIGURE 3 A Mean age according to state of glucose intolerance. B, Mean fasting glucose (FG) according to state of glucose intolerance.
C, Mean 2 hours-glucose (2 hours-G) according to state of glucose intolerance. D, Mean fasting insulin (FI) according to state of glucose
intolerance. ° is outliers (cases with values between 1.5 and 3 times the IQ range). * is extremes (cases with values more than three times the IQ
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glucose, and individuals with the highest values of 2-hours-glucose

tended to have lower values of 2-hours-insulin (Figure 4B).

3.3 | Prevalence of other obesity comorbidities in
the Sri Lankan study population according to state of
glucose intolerance

As shown in Table 1, mean values of certain markers of obesity com-
orbidities differed between the five groups representing different
states of glucose intolerance. The most common comorbidity in this
study population was acanthosis nigricans with a prevalence of
85.7% in the whole cohort and quite equal distribution between the
different states of glucose intolerance. Other comorbidities with
high prevalence were insulin resistance defined by elevated HOMA-
IR with a prevalence of 52.9% in the whole cohort (highest preva-
lence in the iso-IGT group with 85.2%) and elevated total cholesterol
with a prevalence of 29.2% in the whole cohort (highest prevalence
in the comb IFG + IGT group with 45.5%). Whereas 34.5% of the
subjects in this study showed increased echogenicity determined by

ultrasound scan of the liver, only 17.7% had elevated values of the

liver enzyme ALT. Figure 5A shows the prevalence of different obe-
sity comorbidities in percent in each group according to cut-off-
values presented in the methods section. Figure 5B illustrates the
cumulative prevalence of all different obesity comorbidities that
seems to increase from NGT over iso-IFG, iso-IGT, comb IFG + IGT
to T2DM.

3.4 | Association of risk factors with different
states of glucose intolerance

Bivariate correlation analysis showed that 2 hours-G correlated posi-
tively with age, puberty, WHtR, fasting glucose and 2-hour-insulin,
but also with family history of diabetes and educational status of the
father. It did not correlate directly with educational status of the
mother, even if educational status of the mother was correlated to
educational status of the father and thereby showed an indirect corre-
lation. 2 hours-G did not correlate with fasting insulin, liver enzymes
or blood lipids, and neither with BMI-SDS, total body fat mass or
waist-hip-ratio. There was no significant correlation between grade of

NAFLD and state of glucose intolerance.
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FIGURE 4 A, Correlation (A)
between 2 hours-1 and 2 hours-G 300.00
in subjects with normal 2 hours-G

(NGT and iso-IFG). Correlation

coefficient R = 0.33, P < .001.

B, Correlation between 2 hours-|

and 2 hours-G in subjects with 200,00
elevated 2 hours-G (iso-IGT,
comb IFG + IGT, T2DM).
Correlation coefficient R = 0.23,
P =.196 for non-diabetic
subjects, correlation coefficient

R = -0.61, P = .149 for diabetic
subjects. Dotted line indicates cut
off for diagnosis of T2DM 50.00
(2 hours-G = 200 mg/dL).
Subjects presented by red dot are
diabetic patients with NFG,
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In a multivariate logistic regression model, three variables
(FG, 2 hours-lI and educational status of the father) independently
increased the Odds ratio to have IGT or diabetes. When corrected for
age, puberty, sex, WHtR and family history of diabetes, FG increased
the Odds ratio to have IGT or diabetes with OR = 1.09 (95% CI:
1.05-1.14, P < .0001), 2 hours-l with OR = 1.01 (95% Cl: 1.01-1.02,
P < .0001) and educational status of the father with OR = 5.60 (95%
Cl: 2.21-14.18, P <.0001). All three variables still significantly
increased the Odds ratio to have IGT or diabetes when diabetic sub-
jects were excluded. Out of the five factors adjusted for (age, puberty,
sex, WHtR and family history of diabetes), age had the strongest
impact on development of IGT or diabetes with OR 1.23 (95% ClI:
1.01-1.50, P < .05). Pubertal stage did not significantly increase the
Odds ratio for IGT or diabetes.

Comparison of means showed that subjects whose father had

higher educational status had significantly higher mean 2 hours-G

(122.7 mg/dL + 34.0 SD) during OGTT compared with subjects whose
father had lower educational status (112.2 mg/dL+21.0 SD,
P = .001). There was no significant difference in mean BMI-SDS
between the two groups. There was no significant difference in mean
2 hours-G or mean BMI-SDS between groups with different family
income or different educational status of the mother.

FG correlated positively with 2 hours-G, age and pubertal stage.

It showed a negative correlation with HDL.

3.5 | Comparison with Swedish study population

For comparison of fat distribution and risk profile at the same degree
of obesity, 167 of the Sri Lankan subjects were matched for sex,
BMI-SDS and approximate age with 167 Swedish subjects from the
ULSCO cohort. At both sites, the study population included for



7 | WILEY_E

CIBA ET AL

(A)
100

90
8

o

7

o

6

o

5

N
o o

3

o

2

o

1

o

iso-IFG

M elevated total cholesterol m elevated LDL
M elevated CRP M elevated ALT

M acanthosis nigricans M systolic hypertension

(B)

NGT iso-IFG iso-IGT

FIGURE 5

comb IFG+IGT

iso-IGT comb IFG+IGT T2DM

m low HDL M elevated TG

M elevated AST H liver steatosis

M diastolic hypertension M elevated HOMA

M elevated HOMA

M diastolic hypertension
m systolic hypertension
M acanthosis nigricans
W liver steatosis

M elevated AST

M elevated ALT

M elevated CRP

M elevated TG

m low HDL

M elevated LDL

M elevated total cholesterol

T2DM

Prevalence of obesity comorbidities in the Sri Lankan study population according to state of glucose intolerance. A, Prevalence of

each condition/comorbidity in percent within each group (state of glucose intolerance). B, Cumulative prevalence for all conditions/comorbidities

in addition for each of the five groups

comparison consisted of 95 boys and 72 girls. There was no signifi-
cant difference in mean BMI-SDS or mean age between the Sri
Lankan and the Swedish subjects included for comparison. The group
of 167 Sri Lankan subjects had significantly higher amount of body fat
in %, but lower WHtR compared with 167 Swedish subjects with simi-
lar BMI-SDS, age and sex distribution. The Sri Lankan subjects also

had higher total cholesterol, LDL, HDL and triglycerides, but there
was no significant difference in TC/HDL-ratio or LDL/HDL-ratio
between the two groups. Sri Lankan subjects had lower glucose and
insulin levels both fasting and 2 hours after glucose load during OGTT,
and lower HOMA-IR. Acanthosis nigricans was much more common

in Sri Lankan subjects than in Swedish subjects (Table 2).
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TABLE 2 Differences in anthropometric, metabolic, and lifestyle parameters between the Sri Lankan and the Swedish study population

Center N Mean SD P-value
Age (years) Negombo 167 11.68 2.34 .08
Uppsala 167 12.20 2.54
BMI-SDS Negombo 167 2.85 0.41 .82
Uppsala 167 2.86 0.40
Waist-height-ratio (WHtR, cm/cm) Negombo 167 0.60 0.04 <.0001
Uppsala 124 0.63 0.05
BIA Total body fat (%) Negombo 167 441 4.7 <.0001
Uppsala 98 40.1 6.8
Fasting glucose (FG, mg/dL) Negombo 167 89.26 9.79 <.0001
Uppsala 164 102.78 9.59
2 hours-glucose (2 hours-G, mg/dL) Negombo 166 119.38 27.71 <.0001
Uppsala 147 137.47 29.13
Fasting insulin (FI, plU/mL) Negombo 155 18.23 29.28 <.0001
Uppsala 159 23.35 26.58
2 hours-insulin (2 hours-I, plU/mL) Negombo 146 84.55 70.87 <.0001
Uppsala 147 130.80 95.93
HOMA-IR Negombo 155 4.05 6.49 <.0001
Uppsala 157 6.25 10.37
Total cholesterol (TC, mg/dL) Negombo 166 216.36 44.04 <.0001
Uppsala 162 163.77 31.56
LDL (mg/dL) Negombo 166 133.09 37.00 <.0001
Uppsala 162 103.81 27.39
HDL (mg/dL) Negombo 166 53.19 12.39 <.0001
Uppsala 162 42.19 9.15
TC/HDL-ratio Negombo 166 417 0.84 22
Uppsala 162 4.04 1.13
LDL/HDL-ratio Negombo 166 2.58 0.76 .95
Uppsala 162 2.57 0.89
Triglycerides (TG, mg/dL) Negombo 166 150.17 49.26 <.0001
Uppsala 161 109.40 57.78
ALT (U/L) Negombo 166 33.62 27.88 37
Uppsala 160 35.88 36.03
AST (U/L) Negombo 166 26.65 14.54 <.0001
Uppsala 161 33.46 18.90
hs CRP (mg/dL) Negombo 166 1.25 0.92 <.0001
Uppsala 141 0.34 0.37
Birth weight (kg) Negombo 158 3.231 0.601 <.0001
Uppsala 116 3.668 0.655
Acanthosis nigricans Negombo 167 92.2% <.0001
Uppsala 87 18.4%
3.6 | Discussion and adolescents with obesity.!” The prevalence of IFG in the present
study population was 12.1% according to ADA criteria and the preva-
The present study shows that Sri Lankan children with obesity have lence of IGT was 11.5%. These numbers are comparable with preva-
relatively high prevalence of glucose intolerance, and thereby con- lence numbers reported from European and other industrialized

firms the findings from another recent study in Sri Lankan children countries, but also with findings from previous studies in South Asian
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children and adolescents.?*?> At the same time, the prevalence of
childhood overweight and obesity is still lower in Sri Lanka compared
to most industrialized countries.*> A possible explanation for the find-
ing that Sri Lankan children with obesity have a comparable preva-
lence of comorbidities at a lower mean degree of obesity could be
that they have a higher vulnerability to obesity related complications
compared with other ethnic groups.

To be able to distinguish different forms of glucose intolerance
and analyze characteristics of subjects presenting the different forms,
subjects in this study were divided into five groups, representing five
different states of glucose intolerance from normal glucose tolerance
(NGT) over isolated impaired fasting glucose (iso-IFG), isolated
impaired glucose tolerance (iso-IGT) and combined IFG + IGT (comb
IFG + IGT) to type 2 diabetes mellitus (T2DM). All states of glucose
intolerance (besides NGT) were more common in pubertal and post-
pubertal subjects than in prepubertal subjects (Figure 2B). Further-
more, there was an increase in mean age between the five groups in
the mentioned order (Figure 3A) indicating a possible progression dur-
ing childhood and adolescence from NGT over the isolated and then
combined forms of IFG and IGT to T2DM. Even if age showed a posi-
tive correlation with more advanced states of glucose intolerance, and
significantly increased the Odds ratio to have IGT or diabetes, the pre-
sent study was not able to statistically define a cut-off age for screen-
ing for glucose intolerance, which might depend on the low number of
subjects in the younger age groups. Nevertheless, there were no cases
of IGT under the age of 9 years, and the first cases of combined
IFG + IGT and diabetes occurred at the age of 10 years in this sample.
This might lead to the suggestion to recommend screening for glucose
intolerance from the age of approximately 10 years, which then
should be validated in a larger sample also including more subjects in
the younger age groups. The fact that other variables (eg, family his-
tory of diabetes and educational level of the father) had greater
impact on the risk of developing IGT or diabetes than age in this study
illustrates the multifactorial genesis of obesity itself and its com-
orbidities, leading to difficulties in defining simple and easy accessible
fasting parameters for the selection of subjects that should undergo
the more elaborate OGTT to screen for glucose intolerance. Whereas
there was a positive correlation between 2 hours-G and 2 hours-| in
the groups with normal 2 hours-G (NGT and iso-IFG, Figure 4A), this
correlation could no longer be found in the groups with elevated
2 hours-G (iso-IGT, comb IFG + IGT and T2DM, Figure 4B). Further-
more, in subjects with the highest values of 2 hours-G, levels of
2 hours-l showed a trend to decrease with increasing levels of
2 hours-G. One possible explanation for this finding might be that it
reflects the capacity of the beta-cell to respond to increasing glucose
levels with increased insulin production, showing that the beta-cell
has efficient capacity to compensate for increasing levels of 2 hours-G
in the lower states of glucose intolerance, whereas the capacity starts
to decline in the more advanced states of glucose intolerance (mainly
comb IFG + IGT and T2DM). The finding that the cumulative preva-
lence of different obesity comorbidities seems to increase from NGT
over iso-IFG, iso-IGT, comb IFG + IGT to T2DM (Figure 5) is another

indicator that these five states of glucose intolerance in the men-
tioned order might reflect progression of disease.

In the present study, the risk to have come further in the progress
of disease and to present a more advanced state of glucose intoler-
ance was not only determined by age, but also by educational status
of the father. Previous studies have found that overweight and obe-
sity are more prevalent among lower socioeconomic groups in indus-
trialized countries, whereas the prevalence of overweight and obesity
is higher in higher socioeconomic groups in developing countries.* In
the present study, there was no significant difference in the preva-
lence of obesity itself between different socioeconomic groups, but
the level of education of the father correlated positively with glucose
levels at 2 hours of OGTT. Furthermore, the risk of having IGT or dia-
betes was higher for children to parents with higher educational level
compared with those with lower educational level. These findings
indicate that the risk for certain metabolic complications of obesity is
higher for individuals belonging to higher socioeconomic groups in Sri
Lanka, as well as in other developing countries.

The prevalence of hypercholesterolemia was high with 62.7% in
this study population of Sri Lankan children with obesity, and has
been described to be relatively high even in normal weight Sri Lankan
school children*” Whereas 34.5% of the subjects in this study
showed increased echogenicity determined by ultrasound scan of the
liver, only 17.7% had elevated values of the liver enzyme ALT
(Figure 5). This indicates a discrepancy in the estimation of liver
steatosis depending on the method chosen. However, prevalence
numbers of different comorbidities should be interpreted with cau-
tion, taking into account that different reference values are used in
different countries and that reference values often are generated
from studies in adults.

The present study confirmed findings from previous studies
claiming that Sri Lankan children with obesity have higher amount of
body fat compared with children of other origin with the same degree
of obesity.*® The fact that Sri Lankan children in the present study not
only had higher percentage of total body fat than Swedish children
with the same degree of obesity, but lower WHtR at the same time
indicates that they have a different fat distribution with lower amount
of abdominal fat. Compared with Swedish children, Sri Lankan chil-
dren with obesity had higher levels of total cholesterol, LDL and tri-
glycerides, but even HDL cholesterol. They also had lower HOMA,
which indicates a lower degree of insulin resistance in Sri Lankan chil-
dren compared with Swedish children. Caution should be exerted in
interpreting these results, as Swedish subjects included in the ULSCO
cohort are referred from other caregivers and thereby likely to have
received previous treatment for obesity, whereas subjects at the Sri
Lankan study site were included from a school screening without any
previous treatment for obesity. Furthermore, it should be taken into
account that blood samples were taken at two different centres and
analyzed under different conditions. Also, the use of different BIA
devices for measuring body composition is a potential limitation of
the study, as it might lead to inaccuracy in the comparison of subjects

from the two different sites.
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Further studies under more standardized conditions are needed
to explain which of the factors testing conditions, referral routines,
different lifestyle parameters or biological factors that have the stron-
gest impact on the observed differences in body composition and
prevalence of comorbidities between South Asian and European chil-
dren and adolescents with obesity.

Nevertheless, differences in blood indicators of comorbidities
between South Asian and European children have been described in
other studies. One previous study compared British children of South
Asian origin with white children and found that mean waist circumfer-
ence and waist-hip-ratio were similar, but South Asian children had
higher triglycerides and insulin levels (both fasting and after glucose
load), though glucose concentrations were similar. Total cholesterol,
LDL and HDL levels were similar in the two groups in the same
study.?* The results of the present study only partly confirm these
findings and other findings from previous literature comparing South
Asian children with children of other ethnic origin, as Sri Lankan chil-
dren in this study showed higher amount of total body fat and higher
levels of blood lipids, but lower degree of abdominal obesity and insu-
lin resistance compared with Swedish children. Discrepancies in
results from studies comparing prevalence of different comorbidities
in children with obesity and different ethnic backgrounds indicate a
need of future multicentre studies with well harmonized study
settings.

Besides potential differences in laboratory methods between the
Sri Lankan and the Swedish study site, another weakness of the pre-
sent study is that only subjects with BMI-SDS >2 were considered
having obesity, as recent data shows that lower cut-offs might be rec-
ommended in Sri Lankan children.** Furthermore, there was a time
gap of up to 14 months between the school screening and the bio-
chemical assessments at the centre. Even if anthropometric measure-
ments were conducted at both events, lifestyle patterns such as
physical activity and nutritional habits were only evaluated at screen-
ing and might have changed until the assessments at the centre, possi-
bly even due to the knowledge of the child having obesity.

Nevertheless, the present study is one of the first to present data
on glucose intolerance in a bigger sample of Sri Lankan children and
adolescents with obesity, and it provides detailed information not only
on metabolic and anthropometric, but also on socioeconomic and life-
style parameters. Furthermore, it adds knowledge about the metabolic
risk profile of Sri Lankan children and adolescents in comparison with
Swedish children and adolescents with the same degree of obesity.
The fact that glucose intolerance was common in Sri Lankan children
and adolescents with obesity in this study, and that other risk factors
besides age increased the risk of having more advanced states of glu-
cose intolerance, indicates that screening for glucose intolerance is
important even in asymptomatic subjects to avoid progression
to T2DM.
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