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Background: Reports on characteristics of pediatric diabetes in children from Southeast Asian countries are
limited.

Obijectives: To describe the clinical characteristics, prevalence, glycemic control, and current treatment regimens
of diabetes in Thai children.

Materials and Methods: Data from 132 patients seen at our pediatric diabetes clinic at Chulalongkorn University
during 2001-2013 were retrospectively reviewed.

Results: We found an increasing number of patients newly-diagnosed with type 1- (TLDM) or type 2- diabetes
mellitus (T2DM). The overall proportion of TLDM was 69.7%, T2DM 23.4%, and other types 6.9%. Children
with TIDM were younger at diagnosis, had higher initial glucose and glycated hemoglobin A, (HbA, ), a
lower body mass index z-score, lower C-peptide and insulin levels, and were more likely to have classic diabetes
symptoms and ketoacidosis, compared with children with T2DM. Mixed diabetes phenotypes were found in
about 12%—-14% of these children. Glutamic acid decarboxylase and islet antigen-2 autoantibodies were found
in 70% and 54% of T1DM patients, respectively, and not in T2DM patients. HbA, in TIDM was 9.6 +2.2% total
hemoglobin, and in T2DM was 7.9 + 2.6%. There were no differences in HbAlc levels between different insulin
regimens in the TIDM group.

Conclusion: The number of children with TIDM or T2DM has been increasing and there are overlapping
phenotypes in a significant proportion of these children. Correct diagnosis requires clinical evaluation and
monitoring of the clinical course. Further research is needed to determine the risk factors for the poor glycemic

control found in children with TLDM.
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Diabetes mellitus (DM) is a common metabolic
disease in childhood [1]. Recent epidemiological
studies show that the incidence of both type 1 diabetes
mellitus (T1DM) and type 2 diabetes mellitus (T2DM)
has been increasing worldwide [2-4]. A previous
study in 2006 demonstrates that T1DM is still
the most common form of diabetes in Thai children
and adolescents [5], although the incidence of
T1DM in Thailand is relatively low compared
with studies conducted of patients living in Western
countries [6, 7].

The prevalence of obesity in most Asian countries
has increased dramatically [8], with the epidemic
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particularly affecting children and adolescents who
comprise the growing part of the population [9]. A
study in 2006 demonstrated that Thailand had the
highest rate of obesity in Asia at 6.8% of adults [8].
A national survey in 2011 reported a prevalence of
7.6% overweight and 9% obesity among Thai children
[10]. Many reports from various countries show
increasing numbers and proportion of T2DM in the
pediatric population, along with increasing childhood
obesity [4, 11, 12].

Accurate diagnosis of the type of diabetes is
crucial for long-term clinical management. There are
increasing numbers of children who have mixed
phenotypes of both TIDM and T2DM [13, 14].
However, to date there are limited studies describing
the clinical and biochemical phenotypes associated
with TIDM and T2DM in children from Southeast
Asia. There have been no reports on trends and



708 S. Trepatchayakorn, et al.

clinical characteristics of childhood diabetes in
Thailand since 2007 [15]. Therefore, the aims of
this study were to (1) evaluate trends and clinical
characteristics of childhood diabetes in our center;
and (2) evaluate the current treatment regimens and
glycemic control among the presented patients.

Materials and methods
Patients

The study protocol was reviewed and approved
by the Institutional Review Board of the Faculty
of Medicine, Chulalongkorn University. We
retrospectively reviewed the medical records of all
diabetic patients who had been regularly followed-up
at our pediatric diabetes clinic at King Chulalongkorn
Memorial Hospital during 2001-2013. This study
excluded patients with steroid-induced diabetes
mellitus. Atotal of 132 patients (65 boys and 67 girls,
aged from 1 month to 17 years) were included.
Our study is a retrospective chart review and was
conducted under the ethical principles as presented
in the Belmont Report—respect for persons,
beneficence, and justice. All the information was
recorded by the investigator in such manner
that patients cannot be identified, directly, or
through identifiers linked to the patients (unlinked
anonymization). The policies and regulations of the
institutional review board of the Faculty of Medicine,
Chulalongkorn University, do not usually require written
informed consent for a retrospective chart review
study and follow principles set by the Declaration of
Helsinki.

Data collected from the medical charts included
age, sex, onset characteristics, including clinical and
biochemical variables, signs and symptoms,
comorbidities, type of diabetes, and details of diabetes
management. Data regarding glycemic control were
obtained from the most recent visit by the patients.

Body mass index (BMI) was calculated as weight
(Wt) (kg)/height? (m?). Wt-standard deviation scores
(SDS) and BMI-SDS were calculated based on World
Health Organization (WHO) standards.

Terms and definitions
Diagnosis and type of diabetes

The diagnosis of DM and diabetes type was based
on the American Diabetes Association (ADA) 2013
classification [16]. The diabetes type was specified
by the pediatric endocrinologist, and reported as
T1DM, T2DM, maturity-onset diabetes of the young
(MODY), neonatal diabetes, or other types.

Overweight and pubertal status

Overweight was defined as a BMI >85™"
percentile for age and sex based on WHO
growth charts. Pubertal status was stratified into
(1) prepuberty, if the patient was at Tanner stage |
(2) early puberty, if the patient was at Tanner stage
I1-111, and (3) late puberty, if the patient was at Tanner
stage IV-V, at initial diagnosis.

Goals of glycemic control for age

Goals for glycemic control for age in this study
were based on the ADA 2013 guidelines [16]. For
young children aged 0-5 years, the targeted glycated
hemoglobin A, (HbA, ) is <8.5% total hemoglobin
(69.4 mmol/mol); school-aged children 6-12 years,
<8% (63.9 mmol/mol); and adolescents and young
adults aged 13—-19 years <7.5% (58.5 mmol/mol).

Comorbidities

The patients were defined to have comorbidities
by definitions described below.

1. Hypertension: blood pressure (either systolic
or diastolic) >95™ percentile for age, sex, and height.

2. Nephropathy: microalbuminuria (urine albumin/
urine creatinine ratio >30 ug albumin/ mg creatinine).

3. Dyslipidemia: serum low-density lipid-
cholesterol >130 mg/dL or triglyceride levels >150 mg/
dL.

4. Retinopathy: as examined and recorded by
ophthalmological consultation.

5. Neuropathy: by performing physical exami-
nation at routine follow-up visits.

Biochemical analyses

Commercial immunoassays were used to measure
insulin, C-peptide levels (Electrochemiluminescence
Immunoassay (ECLIA); Diagnostic Products
Corporation, Los Angeles, CA, USA), and HbA
levels (Immunoturbidity (nephelometry); Roche
Diagnostics, Indianapolis, IN, USA). Glucose was
measured on a Cobas Integra 400 plus instrument
(Roche Diagnostics) using a hexokinase method. Liver
enzymes, lipids, and uric acid levels were measured
by standard enzymatic methods. Anti-glutamic acid
decarboxylase 65 kDa isoform (GAD65) and anti-islet
antigen-2 (1A-2) autoantibodies were measured using
enzyme-linked immunosorbent assays (ELISAS) (RSR,
Pentwyn, Cardiff, United Kingdom).
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Statistical analyses

Data are expressed as numbers (percentage) or
the mean + standard deviations (SD). Comparisons
between two groups were analyzed by a chi-square
test for nominal data, and a Student t test or analysis
of variance (ANOVA) for continuous data. All
statistical analyses were performed using SPSS
version 18.0 (SPSS, Chicago, IL). P < 0.05 was
considered significant.

Results
Trend and etiology of childhood diabetes

Atotal of 132 patients (65 boys, 67 girls, age range
1 month—17 years) who had been regularly followed-
up at our pediatric diabetes clinic during 2001-2013
were included in this study. Among 132 patients, there
were 102 participants (78 had T1DM and 24 had
T2DM) being newly-diagnosed with diabetes during
this study period. Demographic data, the yearly-trend
of diabetes type, and TLDM/T2DM ratio were shown
in Table 1 and Figure 1. Of 132 patients, 92 were
diagnosed with TIDM (70%), 31 were diagnosed
with T2DM (23%), 3 patients were diagnosed with
MODY (2%), 3 were diagnosed with neonatal
diabetes (2%), and 3 patients were diagnosed with
other types (2%).

Table 1. Baseline demographic and onset characteristics
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Clinical characteristics at onset

The patients with TIDM had lower mean age
at diagnosis than T2DM patients (9.4 + 4 years vs.
12.6 £ 2 years, P <0.001). Children with TIDM had
a lower BMI-SDS compared to children with T2DM
(-0.4+£1.7vs. 2.7+ 1.8, P <0.001). Overweight at
initial diagnosis was found in 27 patients in the T2DM
group (87%), and 13 patients (14%) in the TIDM
group (P < 0.001). Acanthosis nigricans was found in
20 of 30 patients with T2DM (67%), and in 8 (12%)
of 67 patients with TIDM. Onset data of pubertal
staging were available in only 75 patients. Most
patients with T2DM (79%) had already entered
puberty, whereas 44% of patients with TLDM were
pubertal, but the difference was not significant.

Presenting symptoms (Table 2)

Fifty-eight patients (63%) in the TLDM group and
3 patients (10%) in the T2DM group had diabetic
ketoacidosis (DKA) as an initial presentation
(P < 0.001). Four patients with TIDM group (4%)
and 14 patients with T2DM (52%) were mildly
symptomatic or asymptomatic at diagnosis
(P < 0.001). Classic symptoms such as polyphagia,
polydipsia, polyuria, or weight loss were more common
in children with TIDM (76%) than in those with
T2DM (48.4%) (P = 0.001).

T1DM T2DM MODY Neonatal Other P

Total numbers of cases 92 (70%) 31(23%) 3(2%) 3(2%) 3(2%)
Female:male (n) 43:49 18:13 21 12 30 0.305
Mean age at diagnosis (y) 9.4+4 12.6x2 12244 1.0£0.5months 1.4+2 <0.001
Age group (y)

<5 15 (16%) 0 0 3(100%) 3(100%)

5-10 32(35%) 3(10%) 2(67%) 0 0

>10 45 (49%) 28 (90%) 1(33%) 0 0
Mean BMI z-score -04+17 27+18 0.03+2.6 -0.3+0.3 -05+04  <0.001
Overweight at diagnosis 13(14%) 27 (87%) 1(33%) 0 0 <0.001
Acanthosis nigricans* 8/67 (12%) 20/30(67%) O 0 0 <0.001
Pubertal staging™ 0.07

Prepuberty 28/50 (56%) 4/19 (21%) 0 3(100%) 2/2 (100%)

Early puberty 15/50 (30%) 9/19 (47%) 1/1 (100%) 0 0

Late puberty 7/50 (14%) 6/19 (32%) 0 0 0

Data are expressed as mean £+ SD or n (%). *Onset data available for 106 patients (presence of acanthosis nigricans);
and 75 patients (pubertal staging). BMI = body mass index, TLDM = type 1 diabetes mellitus, T2DM = type 2 diabetes
mellitus, MODY = maturity-onset diabetes of the young, Neonatal = neonatal diabetes mellitus, Prepuberty = Tanner
stage I, Early puberty = Tanner stage 11-I11, Late puberty = Tanner stage 1\V-V at initial diagnosis.
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Number of cases

2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013

Figure 1. Trends of childhood diabetes (newly-diagnosed cases) during 2001-2013
T1DM =type 1 diabetes mellitus, T2DM = type 2 diabetes mellitus.

Table 2. Presenting symptoms by diabetes type

Presenting symptoms T1DM T2DM MODY Neonatal Other P
n=92 n=31 n=3 n=3 n=3
Ketoacidosis 58 (63%) 3(10%) 0 3(100%) 0 <0.001
Classic symptoms 70 (76%) 15 (48%) 1(33%) 0 0 0.001
Mildly symptomatic or asymptomatic 4 (4%) 14 (52%) 2(67%) 0 3(100%) <0.001

T1DM = type 1 diabetes mellitus, T2DM = type 2 diabetes mellitus, MODY = maturity-onset diabetes of the young,

Neonatal = neonatal diabetes mellitus

Initial laboratory data (Table 3)

Patients with TLDM had higher mean initial blood
glucose (517 + 228 vs. 292 + 199 mg/dL, P < 0.001),
and higher mean initial HbA, _levels than patients with
T2DM (13.1£2.6% vs. 10.0 = 3.1% total hemoglobin,
P <0.001). Of 57 patients with TLDM, anti-GAD65
and anti-1A-2 autoimmune antibodies were found

in 40 (70%) and 30 (53%) patients, respectively. Of
16 patients with T2DM, none had antibodies to
GADG65 or 1A-2. Insulin levels at diagnosis were
significantly lower in patients with TIDM than in
patients with T2DM (3.9 £5.0 vs. 15.9 £ 10.2 ulU/
mL, P <0.001), and similarly lower C-peptide levels
were found (1.4 +1.6 vs. 3.6+ 2.9 ng/mL, P <0.001).

Table 3. Initial laboratory data of type 1- and type 2-diabetes mellitus patients

Laboratory data T1DM (n=92) T2DM (n=31) P
Initial glucose (mg/dL) 517+228 292+199 <0.001
Initial HbAlc (% total hemoglobin) 131126 100+3.1 <0.001
Pancreatic autoantibodies*

Anti-GADG5 positive 40/57 (70%) 0 <0.001

Anti-1A-2 positive 30/57 (53%) 0 0.002
C-peptide levels (ng/mL) 14(x£1.6) 3.6(x2.9) <0.001
Insulin levels (uIU/mL) 3.9(*5) 15.9(+10.2) <0.001

Data are expressed as mean+ SD or n (%) or % total hemoglobin. *Pancreatic autoantibody data available
for 57 patients with TIDM, and 16 patients with T2DM. HbA = glycated hemoglobin A_ ,
T1DM =type 1diabetes mellitus, T2DM = type 2 diabetes mellitus, GAD65 = glutamic acid decarboxylase

65 kDa isoform, 1A-2 = islet antigen-2 (ICA512).
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Glycemic control and current treatment regimens

Based on the laboratory findings during the most
recent follow-up visits, T2DM patients had lower mean
fasting blood glucose levels than T1DM patients
(132+£63vs. 202+ 72 mg/dL, P < 0.001). Aone-way
ANOVA revealed significant differences in mean
HbA _ levels between the different types of diabetes
(P < 0.001) (Figure 2). Bonferroni post hoc testing
demonstrated that differences in HbA _levels existed
between the groups of patients with TLDM or T2DM
(9.6 £ 2.2% vs. 7.9 + 2.6% total hemoglobin,
P =0.002), but not between the other types. However,
patients with MODY or neonatal diabetes tended to
have more favorable glycemic control (Figure 2).
The percentage of patients who achieved targeted
HbA. . levels according to the ADA statement was
higher in the T2DM group than in the TIDM group
[17 of 31 patients (55%) vs. 22 of 92 patients (24%),
P = 0.001] (Table 4).

Treatment regimens differed between subgroups.
Among patients in TIDM group, 36 patients (39%)
were on basal-bolus insulin regimen with 4 or more
daily injections, 25 patients (27%) were on twice-daily
injections with premixed insulin, 19 patients (21%)
were on twice-daily injections with split-mixed human
insulin (regular insulin/neutral protamine Hagedorn
insulin = RI/NPH), 5 patients (5%) were on three
daily insulin injections (modified conventional regimen),
and 3 patients (3%) used an insulin pump. There were

12 -

10 1

HDbA,_ levels (% total hemoglobin)
(=]

T1DM T2DM

MODY Neonatal
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no significant differences in HbA, _levels or
percentage of patients who achieved targeted HbA
adjusted for age among different insulin regimens
(Table 4). Among children with TLDM, we found that
patients between 0-5 years of age had the best
glycemic control, while patients in the older age groups
had less favorable control. In addition, patients with
diabetes duration >4 years appeared to have better
glycemic control (Table 5).

In the T2DM group, 17 patients were treated with
metformin only, 9 patients were taking insulin and
metformin, 4 patients were on diet control only, and
only one patient was on basal-bolus insulin therapy.
Mean HbA, _levels in T2DM patients who had been
taking insulin were significantly higher than those who
were simply on diet control or taking metformin only
(Table 4).

Comorbidities

Hypertension was found in 11 out of 92 patients
(12%) with TIDM, and 13 out of 31 patients (42%)
with T2DM (P < 0.001). Dyslipidemia was detected
in 18 patients (20%) with T1DM, and 13 patients with
T2DM (31 total) (P = 0.006). Microalbuminuria
seemed to be more common in T2DM than in TIDM,
but it was not significantly different. Retinopathy
or neuropathy was not reported in any patient
(Table 6).

Other

Figure 2. Mean glycated hemoglobin A, levels during recent follow-up visits by diabetes type TIDM = type 1
diabetes mellitus; T2DM = type 2 diabetes mellitus; MODY = maturity-onset diabetes of the young;
Neonatal = neonatal diabetes mellitus; HbA, = glycated hemoglobin A
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Table4. Mean glycated hemoglobin A, (HbA % total hemoglobin) and numbers of patients achieving targeted HbA,
levels by treatment regimen

T1DM (n=92)
Mean HbA _(xSD) % Patients achieved targeted HbA
Basal bolus insulin (n = 36) 94422 un
Conventional RI/NPH (n=19) 109421 2
Conventional premixed (n = 25) 95+22 6
Modified conventional (n = 5) 10.0£3.1 1
Insulin + metformin (n=4) 9.8+3.0 1
Insulin pump (n=3) 8.0+1.1 1
P=0.189 P=0.710
All patients with TLDM 9.6+2.2* 22 (24%)~
T2DM (n=31)
Mean HbA _(xSD) % Patients achieved targeted HbA
Diet control (n=4) 5.9+0.7 4
Metformin (n=17) 6.9+2.0 12
Insulin + metformin (n=9) 10.1+25 1
Basal bolus insulin (n = 1) 10.3 0
P =0.002 P =0.004
All patients with T2DM 7.9+2.6* 17 (54.8%)*

*P =0.002 (post hoc Bonferroni test), *P = 0.001 (chi-square test). TLDM = type 1 diabetes mellitus, T2DM = type 2 diabetes
mellitus, HbA = glycated hemoglobin A, , RI/NPH = split-mixed human insulin (regular insulin/neutral protamine Hagedorn
insulin)

Table 5. Mean glycated hemoglobin A, levels (HbA % total hemoglobin) at recent follow-up
visits by patient characteristics in the type 1 diabetes group (n = 92)

Characteristics n (%) Mean HbA, £SD % P
Sex 0.358
Male 49 (53%) 9.8+2.2
Female 43 (47%) 9.7+24
Age (y) 0.114
0-5 3(3%) 77+16
6-12 29(32%) 9.8+1.9
13-18 38(41%) 102+2.4
>18 22 (24%) 9.1+25
Duration of treatment 0.023
<12 months 27 (29%) 10.3+2.4
1-4y 24 (26%) 104+2.4
>4y 41 (45%) 9.0+2.0

Table 6. Comorbidities in different types of childhood diabetes

T1DM T2DM MODY Neonatal DM Other types

(n=92) (n=31) (n=3) (n=3) (n=3)
Hypertension 11 (12%)* 13 (42%)* 1 0 0
Microalbuminuria 10 (11%) 5(16%) 2 0 0
Dyslipidemia 18 (20%)* 14 (45%)* 0 1 1
Retinopathy 0 0 0 0 0
Neuropathy 0 0 0 0 0

P < 0.05 (T1DM compared with T2DM), T1DM = type 1 diabetes mellitus, T2DM = type 2 diabetes
mellitus, MODY = maturity-onset diabetes of the young.
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Discussion

This study indicated that the number of newly-
diagnosed patients with childhood diabetes in our center
had been increasing for cases of TIDM or T2DM.
The rising trends were similar to previous reports from
various countries worldwide [3, 4, 17-19]. The overall
ratio of TLDM:T2DM in this study was about 70:30,
which was similar to previous findings in Thailand in
2007 [15], indicating that TLDM is still the predominate
type of pediatric diabetes in Thailand.

The prevalence of childhood obesity in most
Asian countries has increased rapidly [8-10]. It is
often difficult to correctly identify diabetes type at
the time of initial diagnosis [13, 14, 20]. Our findings
demonstrated that onset characteristics more
associated with T1DM included a lower age at
diagnosis, the presence of classic DM symptoms or
DKA, lower BMI z-score, higher initial blood glucose
and HbA_, and lower C-peptide and insulin levels
compared with T2DM. Interestingly, there remained
a significant proportion of patients with a mixed
phenotype such that 14% of patients with TLDM were
also overweight, and 12% had acanthosis. Similarly,
Lipton et al. found that 10% of patients had mixed
diabetes phenotype, and no onset feature was
completely reliable for predicting diabetes type.
The authors suggested that careful monitoring
of all children with diabetes is required to correctly
determine eventual diabetes type [14].

We found that positivity for pancreatic
autoantibodies was helpful to diagnose T1DM.
However, of those of TADM patients who received
antibody testing in our study, anti-GAD65 and anti-
1A2 were found in 70% and 53%, respectively, which
is similar to previous findings in Thailand in 2007 [15].
The prevalence of islet-specific autoantibodies in
the Thai population appears to be comparable to
those found in people living in Western countries,
and Japan [21-23]. By contrast, the prevalence of
pancreatic antibody positivity in some Asian countries
especially in Koreans or Chinese was lower than in
Australians of European descent with TLDM [24, 25],
suggesting that there are variations among different
Asian ethnicities.

In this study, we found that the mean HbA, _levels
in patients with TLDM was 9.6%, and only about 24%
of all children with TIDM in our center could achieve
satisfactory glycemic control. The challenge in
achieving targeted glycemic control in children with
T1DM has been observed in many studies from
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different countries [17, 26, 27]. We also found
that there were no differences in HbA, _ levels or
percentage of patients who achieved targeted HbA
between different insulin regimens, as consistent with
findings in previous studies [26, 28]. Interestingly, the
earlier Thai study in 2007 showed that only 8% of
Thai children with TIDM were using basal-bolus
regimens compared with about 39% of pediatric
patients in the present study, but that the mean HbA
levels in our patients appeared to be higher (8.9% vs.
9.6%) [15]. Thus, the number of daily insulin injections
and/or insulin types may not necessarily guarantee
better glycemic control. Future studies to determine
factors associated with glycemic control are crucial
to improve the management of childhood diabetes in
our population. Because this study was retrospective,
some important data are missing, including
the frequency of self-monitoring of blood glucose,
psychosocial factors, and family support. These
factors might contribute to glycemic control.

We found that patients with T2DM had better
glycemic control than patients with TLDM. This finding
is consistent with previous studies [15, 29]. Most
children with T2DM who achieved optimal glycemic
control were treated mainly with lifestyle interventions
or metformin alone. By contrast, those with poorer
glucose control were mostly treated with insulin,
suggesting a greater degree of insulin resistance or
worse B-cell function in this group.

The presence of complications and comorbidities
in children with TLDM or T2DM in this series was
comparable to the presence of complications and
comorbidities found in other studies [17, 30]. Consistent
with previous studies [17, 30, 31], children with T2DM
had higher rates of hypertension and dyslipidemia than
those with TIDM. Additionally, microalbuminuria
appeared to be more prevalent in children with T2DM,
compared with TLDM. Notably, the rate of progression
to microalbuminuria seemed to be faster in children
with T2DM [31], indicating early detection and
intervention for this problem are crucial. Therefore,
other than achieving targeted glucose control,
interventions aimed at these comorbidities are essential
to prevent long-term complications in children with
diabetes.

In summary, we found that the number of children
with TIDM or T2DM has been increasing. Although
the prevalence of T2DM in children is increasing
in Thailand, the overall prevalence remains low
compared with TLDM. The clinical distinction between
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T1DM and T2DM has become more challenging
because of the overlapping clinical pictures in a
significant proportion of children with diabetes. The
correct diagnosis of diabetes type requires thorough
clinical and laboratory evaluation, and careful
monitoring of the clinical course. The overall glycemic
control in children with TIDM in Thailand is
considered poor. Further research is needed to
determine the risk factors for poor glycemic control
and prevention of acute and chronic complications, in
the hope of assigning more appropriate management
in children and adolescent patients with diabetes.

No authors have any conflict of interest to report.
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