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Abstract

Background: The prevalence of childhood obesity is increasingly worldwide. Abnormal glucose metabolism (AGM)
including impaired fasting glucose (IFG), impaired glucose tolerance (IGT) and type 2 diabetes (T2DM) is a common
endocrine complication among overweight and obese children and adolescents. Few studies of AGM are available in
Thailand.

Objectives: The study aimed to establish the prevalence of AGM and identity associated complications among
overweight and obese children and adolescents.

Methods: Data of overweight and obese children and adolescents, aged 6 to 18 years, undergoing oral glucose
tolerance test (OGTT) at Phramongkutklao Hospital were reviewed retrospectively. Fasting blood sugar, Hemoglobin
Alc (HbAlc), fasting insulin, triglyceride, high-density lipoprotein, low-density lipoprotein, aspartate transaminase
and alanine aminotransferase were derived from fasting measurement. Homeostatic model assessment was calculated
to represent the insulin resistance.

Result: A total of 204 children and adolescents (122 males) were included. Mean age was 12.1 + 2.6 years and percent
weight for height was 168.8 £25.4%. The overall prevalence of AGM was 20.6%, 1% had T2DM, 0.5% had IFG, 36%
had IGT and 1.5% had combined IFG/IGT. Among the AGM, IGT was the most frequent subtype representing 92.8%
(39/42 cases) but only 2 cases of T2DM were diagnosed in our study. The AGM group had significantly higher FPG
(»=0.034), HbAlc (p=0.006) and cholesterol levels (p=0.043) than those of the nonabnormal glucose metabolism
(NGM) group.

Conclusion: Prevalences of AGM among overweight and obese children and adolescents were high. IGT was the most
frequent subtype of AGM.
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Introduction

The prevalence of obesity among children and
adolescents is increasingly worldwide."” One recent study
showed the prevalence of overweight and obesity among
children and adolescents aged 5 to 19 years has risen
dramatically from 4% in 1975 to over 18% in 2016.” Being
obese is a major risk factor leading children to have many
chronic diseases such as type 2 diabetes (T2DM),
nonalcoholic fatty liver disease (NAFLD), coronary artery
disease, stroke, obstructive sleep apnea, chronic kidney
disease and psychiatric disorders.”” Abnormal glucose
metabolism (AGM) is a group of abnormal high blood
glucose conditions including impaired fasting glucose
(IFG), impaired glucose tolerance (IGT) and T2DM. This
condition is the most common endocrine complication
among overweight and obese children and adolescents. The
mechanism of AGM results from increased prointflammatory
cytokines production from excessive adiposity leading to
impaired insulin signaling and insulin resistance (IR)
secondary to pancreatic beta cell dysfunction.” At the
initial stage of IR, the plasma glucose level will be higher
than normal but lower than the diagnostic criteria of
diabetes resulting in IFG and IGT, also called, “prediabetic

a9 (6)

phase™.” When the IR progresses further, obese children
will develop T2DM. Thus, identitying this critical phase in
obese youth is important to prevent diabetes in the future.”
To diagnose AGM, the American Diabetic Association
(ADA) suggests that fasting plasma glucose (FPG), 2-h
plasma glucose (PG) during a 75-g oral glucose tolerance
test (OGTT) and A1C can be used to test for prediabetes or
diabetes among children and adolescents who have
specific risk factors *” but related studies have shown that
2-h PG during a 75-g OGTT 1s superior to FPG in
predicting AGM because the most frequent type of AGM is
IGT."™"™  Few of AGM are available in
Thailand. The aims of our study were to determine the

studies

prevalence of AGM and identity associated complications
among overweight and obese children and adolescents in
our population.

Methods
Subjects
All overweight and obese children aged 6 to 18 years

visiting the outpatient department (OPD) or admitted in
Phramongkutklao Hospital and undergoing OGTT between
January 2002 and December 2016 were included in our
study and the details of medical history were reviewed.
Subjects who had underlying diseases including syndromic
obesity, endocrine disorders (growth hormone deficiency,
hypothyroidism, Cushing syndrome), abnormal CNS (brain
tumor, surgery), steroid use and incomplete data were
excluded. All procedures were in accordance with the
ethics standards of the Institutional Review Board, Royal
Thai Army Medical Department.

Study design

The data of all subjects were retrospectively reviewed
from medical records including weight, height, blood
pressure and results of blood tests on the day of OGTT.
Body mass index (BMI) was calculated as weight in
kilograms divided by height in meters squared and BMI
z-scores were calculated to compare values across different
ages and sex."” Percent weight for height (PWH) was
calculated by weight in kilograms divided by median age
for height for children15 then multiplied by 100. Children
with PWH from 120 to 140, >140 to 200 and >200% were
classified as overweight, obese and morbidly obese,
respectively."” Hypertension was classified according to
age using systolic blood pressure or diastolic blood
pressure. Elevated BP, stage 1 hypertension and stage 2
hypertension were classified as BP 290th to <95th
percentile or 120/80 mm Hg to <95th percentile (whichever
is lower), 295th to <95th percentile +12 mmHg or 130/80
to 139/89 mm Hg (whichever is lower) and =95th
percentile +12 mm Hg or 2140/90 mm Hg (whichever is
lower), respectively, in children aged 1 to <13 years. among
children aged >13 years, elevated BP, stage 1 and stage 2
hypertension were classified as BP 120/<80 to 129/<80 mm
Hg, 130/80 to 139/89 mm Hg and =140/90 mm Hg,
respectively."” The standard OGTT was performed in the
early morning after 12-hr overnight fasting using 1.75
gm/kg of glucose up to a maximum of 75 gm. Blood
samples of plasma glucose and insulin were obtained at
baseline and every 30 min for 120 min after an oral glucose
insulin, AIC, total cholesterol (TC),
triglyceride (TG), high-density lipoprotein (HDL),

load. Serum
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low-density lipoprotein (LDL), aspartate transaminase
(AST) and alanine transaminase (ALT) were obtained
once at baseline. Prediabetes was defined by two
parameters, IFG and IGT. IFG was diagnosed when
tasting glucose level was 100 to 126 mg/dL while IGT
was diagnosed when 2-h PG during a 75-g OGTT was
140 to 200 mg/dL. T2DM was diagnosed when FPG was
>126 mg/dL."” High TG, high LDL and low HDL were
defined at the level of 2150, 2100 to 130 (depending on
age group) and <40 mg/dL."™™ Dyslipidemia was
diagnosed when one case of high TG, high LDL or low
HDL was evidenced. NAFLD was diagnosed by the
presence of persistently elevated levels of ALT more than
2 fold from the age and sex specific cutoff values."” IR
was calculated by the homeostatic model assessment
(HOMA score) for which a score =3 was considered
IR.(]O)

Statistical analysis

Continuous variables are shown as means and SD.
Categorical variables are reported as number (percentage)
of participants with the characteristics of interest.
Between-group comparisons were performed by ANOVA

for continuous variables. All statistical analyses were
performed using the SPSS, Version 24.

Results

Between January 2002 and December 2016, OGTT
was performed among 265 overweight or obese children
and adolescents. Sixty-one were excluded because 7 had
syndromic obesity, 12 had endocrine disorders, 8 had
abnormal CNS, 5 had steroid use and 29 had incomplete
data. Thus, a total of 204 subjects were included in our
study and 122 (59.8%) were male. Mean age, BMI
Z-score and PWH were 12.1 + 2.6 years, 2.2 + (0.3 and
168.8 + 25.4%, respectively. Of them, 25 (12.2%) were
classified as “overweight”, 158 (77.5%) were “obese”
and 21 (10.3%) were “morbidly obese”. Health-related
complications including hypertension, dyslipidemia and
NAFLD were found in 41.2, 47.8 and 10.5% of cases,
respectively, Sixty-one subjects (29.9%) had stage 1
hypertension and 23 (11.3%) had stage 2 hypertension.
Baseline biochemical data of overweight and obese
children and adolescents are shown in Table 1. A total of
114/200 patients (57%) had IR defined as HOMA-IR

score >3,

Table 1. Biochemical studies of overweight and obese children and adolescents.

Characteristics Mean = SD
FPG (mg/dL) 802495
2-h PG during 75-g OGTT (mg/dL) 122.6 £26.2
ALC (%) 55+04
Fasting insulin (pU/ml) 217153
HOMA-IR 43+x3.1
Triglycerides (mg/dL) 115.8+74.4
Total cholesterol (mg/dL) 178.6 +£33.5
LDL (mg/dL) 115.1+314
HDL (mg/dL) 474+11.1
AST (TU/1) 26.9+20.2
ALT (IU/D) 346=41.3

FPG; Fasting plasma glucose, LDL; low-density lipoprotein (LDL), HDL: high-density lipoprotein, AST: aspatate

transaminase, ALT: alanine transaminase
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The prevalence of AGM was 20.6% (42/204 cases). The
prevalence of IFG, IGT, combined IFG/IGT and T2DM
was 0.5, 17.6, 1.5 and 1%, respectively (Fig. 1). IGT was
the most frequent subtype of AGM, representing 92.8%
(39/42 cases) in the AGM group; 36 with IGT and 3 with
combined IFG/IGT. IFG was found in 9.5% (4/42 cases),
1 had TFG alone and 3 had combined IFG/IGT. T2DM
was diagnosed in 2 cases; | was diagnosed by FPG >126
mg/dL with IGT and 1 was diagnosed by 2-h PG during
75-g OGTT =200 mg/dL but normal FPG. One case was
diagnosed with IFG without IGT.

Comparing between the NGM and AGM groups (Table 2),

degrees of obesity defined by BMI Z-score and PWH did
not significantly differ between groups. According to the
possible influence of pubertal status on glucose metabolism,
overweight/obese children and adolescents with AGM
had older age compared with the NGM group (13.0 2.5
vs. 11.8 £ 2.6, p=0.01). Subjects in the AGM group also
had significantly higher FPG (85.2 £ 15.4 vs. 79.8 + 7.0,
p =0.034), A1C (5.7 = 0.4 vs. 5.5 = 0.4, p=0.006) and
cholesterol (188.1 +36.9 vs. 176.2 + 32.2, p=0.043) than
the NGM group. Other biochemistries including TG,
LDL, HDL, AST, ALT, fasting insulin and HOMA-IR
did not significantly ditfer in both groups.

Table 2. Characteristics and biochemical studies between normal and abnormal glucose metabolism

NGM AGM
Parameters p-value
(N=162) (N=42)
M/F 99/64 23/18
(61/39%) (56/44%)
Age (years) 11.8+2.6 13.0+2.5 0.01
BMI z-score 23+03 22104 0.14
PWH (%) 169.2+23.2 167:1 4332 0.72
Hypertension
Stage 1 50 (30.7%) 11 (26.8%)
Stage 2 19 (11.7%) 4(9.8%)
FPG (mg/dL) 79.8+7.0 85.2+15.4 0.03
A1C (%) 55+04 5.7+04 0.01
Fasting insulin (pU/mL) 21.2+154 23.6+15.3 0.37
HOMA-IR 4.0+29 5035 0.07
Triglyceride (mg/dL) 108.7 = 56.0 143.6 1133 0.06
Cholesterol (mg/dL) 176.2 +£32.2 188.1 +36.9 0.04
LDL (mg/dL) 113.8 £29.1 1204 +39.1 0.23
HDL (mg/dL) 48.0 £ 11.1 44.7 +10.9 0.09
AST (U/L) 259+17.1 30.8 +£29.2 0.16
ALT (U/L) 31.6+34.7 46.2 +59.9 0.15
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Figure 1. OGTT in 204 subjects and prevalence of abnor-

mal glucose metabolism

Discussion

In our study, the overall prevalence of abnormal
glucose metabolism (IFG, IGT, combined IFG/IGT and
T2DM) among overweight and obese children and
adolescents was 20.6%, comparable to related studies in

. 20) - - 21-2 .
Thailand “*” and Asian countries.” ™" IGT is the most

frequent subtype of AGM similar to reports from other
studies worldwide “**"*” (Table 3). The prevalence of
IGT was 17.6%, similar to the related report in 2016 by
Jaruratanasirikul S who showed the prevalence of IGT in

southern Thailand was 15.3% "

and also comparable
with others countries in the Middle East and Asia such as
Israel ©", Turkey m’, Bangladesh @ and India ® for
which the prevalence of IGT ranged from 13 to 18% but
lower than that in the United States (25%) “” (Table 3).
Interestingly, the IGT prevalence in our study was twice
as high whereas the prevalence of IFG was significantly
lower than that reported from European cohort studies
such as in Ttaly “**” and Sweden “ (Table 3). The
severity of obesity, average BMI and BMI z-score of the
subjects included in those studies did not differ trom our
study, so this observation could be explained by
differences in ethnicity but the exact reason remains

unclear,

Table 3. Prevalence of abnormal glucose metabolism in overweight and obese children and adolescents

Prevalence of AGM
Age
Authosy ¥ear N IFG  IGT  T2DM Combine
(vears)
(%) (%) (%) IFG/IGT(%)

Sinha R " 2002 167 4-18 - 25 4 -
Shalitin S " 2005 192 5-22 - 13.5 0.5 -
Atabek ME 2007 196 7-18 6.6 18 - -
Cambuli VM " 2009 535 7-14 7.66 ;. 0.2 .
Maffeis C * 2010 536 4-17 5 6.9 0.1 2
Brufani C'" 2010 510 3-18 0.8 10 0.4 1.2
Panamonta O " 2010 186 10-15 1.1 . 635, -
Mohsin F % 2012 161 6-18 3 16.9 2.1 =

Ek AE®Y 2015 134 11-17 35.8 6 0 14.2
Bonito PD " 2017 3088 7-15 33 38 0 0.3
Jaruratanasirikul S " 2016 177 9-14 5 15.3 2.3 %
Choudhary K ** 2017 180 10-18 - 13.9 0.5 E
This study 2019 204 6-18 0.5 17.6 1.0 1.5
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Silent T2DM was rarely diagnosed among asymptomatic

overweight and obese children and adolescents. "> *"

#* n our study, T2DM was diagnosed in 1 case by 2-h
PG during 75-g OGTT with normal FPG and another case
by FPG criteria. All of our results emphasized that 2-h PG
during 75-g OGTT is a sensitive method to detect AGM
compared with FPG and FPG alone is not a good
parameter to detect silent T2DM.”

Concerning obesity complications, excessive adipocyte
in obesity leads to several metabolic and physiological
effects. In our study, we found a high prevalence of
dyslipidemia and the most prevalence involved high LDL
level. Dyslipidemia was explained by increased hydrolysis
of triglycerides from excessive fat tissue.”""™*" In the
liver, liposomes in hepatocytes increase in size (steatosis)
then form large vacuoles that are accompanied by a series
of pathological stages including nonalcoholic fatty liver
disease, steatohepatitis and cirrhosis.” In our study,
10.5% of our population had steatohepatitis due to elevated
ALT level but we were unable to perform liver ultrasound
to confirm this condition. We also found hypertension
(stage 1 or 2) in 41.2% of subjects. This could be explained
by chronic overactivity of the sympathetic nervous
system in some patients with obesity by mechanical stress
of fat tissue that caused renal compression and resulted in
systemic hypertension.”™***"

Between groups, AGM has significantly older age,
higher FPG, A1C and cholesterol compared with NGM.
Age is one of the most important factors associated with
AGM, and a similar result was noted by Brufani et al.,
who showed the frequency of IGT appeared to increase
gradually from Tanner stage I to IIT to IV (4.1 vs. 19.9%
in Tanner stage I vs. I1I to IV).""” This phenomenon was
explained by the transient increase of IR observed

throughout puberty”"™”

and this result was consistent
with the recommendation from the ADA in which prediabetes
or diabetes should be screened among asymptomatic
overweight and obese children who are older than 10
years or have entered puberty.®” FPG and A1C were sig-
nificantly higher in the AGM group. For FPG, this finding
was expected because subjects with IFG were classified in
the AGM group and this finding was similar to many studies
from European and the United States cohorts. " *

Subjects in the AGM group had higher TG, TC, LDL and
lower HDL level but only TC significantly differed
between groups. Many studies have reported that TG was
significantly associated with IGT "> but the study
from Groot et al. showed TG, TC, LHL and HDL were
unassociated with IGT.®” Because controversy exists
among studies, more sample size should be included to
identify these factors. Our study limitation is that the data
was derived from subjects attending an outpatient clinic or
admission thus not fully representative of a population-based
sample and small sample size.

In summary, we found the high prevalence of AGM
in overweight and obese children and adolescents. Of
them, IGT showed highest prevalence but only 2 T2DM
cases were detected. Subjects with AGM had significantly
older age, higher FPG, HbAlc and TC. Moreover, the
prevalences of obesity complications such as dyslipidemia,
nonalcoholic fatty liver disease and hypertension were
high in our study. This could activate our awareness on
metabolic syndrome among overweight and obese

children in our population.
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