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Purpose: This study aimed to investigate the clinical characteristics, glycemic control, and microvascular complications compared
between young-onset type 1 (T1DM) and type 2 diabetes (T2DM) patients at Siriraj Hospital.
Patients and Methods: We collected demographic, clinical, glycemic control, and microvascular complication data of young-onset
(onset <30 years of age) T1DM and T2DM patients at our center using February 2019-December 2020 data from the Thai Type 1
Diabetes and Diabetes diagnosed Age before 30 years Registry, Care and Network (T1DDAR CN).
Results: Of 396 patients, 76% had T1DM and 24% had T2DM. At diagnosis, T1DM were significantly younger (9.7±5.4 vs 16.9±6.4
years, p<0.001), had a lower body mass index (17.2±4.1 vs 30.8±7.9 kg/m2, p<0.001), higher prevalence of diabetic ketoacidosis
(DKA) (66.1% vs 13.7%, p<0.001), and higher HbA1c level (12.8±2.6% vs 10.9±3.1%, p=0.002) compared to T2DM. Regarding
glycemic control, the mean HbA1c at registry enrollment did not differ between groups (T1DM 8.3±1.8% vs T2DM 8.1±2.2%,
p=0.303), but T1DM achieved HbA1c <7% significantly less than T2DM (19.3% vs 47.8%, p<0.001). T1DM showed deterioration of
glycemic control during 10–20 years of age, and gradually improved during 20–30 years of age, whereas patients with T2DM showed
progressive worsening of glycemic control over time. Concerning microvascular complications, the prevalence of diabetic retinopathy
(10.6% vs 9%, p=0.92) and diabetic neuropathy (3.4% vs 5.5%, p=0.514) between T1DM and T2DM was not significantly different.
However, T2DM had a significantly higher prevalence of diabetic nephropathy (T1DM 10.1% vs T2DM 40.2%, p<0.001) that
developed within a significantly shorter duration of diabetes (T1DM 11.0±6.8 vs T2DM 4.3±5.1 years, p<0.001) compared to T1DM.
Conclusion: T1DM had a significantly high prevalence of DKA at presentation, and most T1DM did not achieve the glycemic target,
especially during adolescence. T2DM had a significantly higher prevalence of diabetic nephropathy that developed within a shorter
duration of diabetes compared to T1DM.
Keywords: clinical characteristics, glycemic control, microvascular complications, young-onset type 1 and type 2 diabetes patients,
Siriraj Hospital, Thailand

Introduction
Diabetes is a major health problem that causes a substantial healthcare burden globally. The Global Burden of Disease
study reported a global prevalence of diabetes and disability-adjusted life-years associated with diabetes of 476.0 million
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and 67.9 million in 2017, and those values are projected to increase to 570.9 million and 79.3 million by 2025 – both
respectively.1 The number of children and young adults with diabetes is also increasing annually. The incidence of type 1
diabetes (T1DM) increases by 2–3% per year, and the greatest increase is observed in children aged younger than 15
years.2 The prevalence of young-onset type 2 diabetes (T2DM), which is usually defined as diabetes onset at an age less
than 40 years, is also increasing in most regions of the world – especially in Southeast Asia and the Western Pacific.3 In
Thailand, the incidence of T1DM among children (age range: 0–15 years) increased from 0.2 per 100,000/year in 1984 to
1.65 per 100,000/year in 1995.4 The 6th Thai National Health Examination Survey reported an increased prevalence of all
types of diabetes among adolescents and young adults (age range: 15–29 years) from 0.6% in 2009 to 1.7% in 2020, as
well as an increased prevalence of obesity (body mass index [BMI] ≥25 kg/m2) from 19.5% in 2009 to 32.7% in 2020.5,6
Despite an overlap age of onset between young-onset T1DM and T2DM, some clinical characteristics can be used to
differentiate between these two types of diabetes. The majority of young people with T2DM are overweight or
obese with the presence of signs of insulin resistance or family history of T2DM. They might be asymptomatic or
have mild hyperglycemic symptoms and infrequently present with ketoacidosis. They usually have comorbidities such as
hypertension, dyslipidemia and polycystic ovarian syndrome.3,7 For glycemic control, International Society for Pediatric
and Adolescent Diabetes (ISPAD) 2018 recommends HbA1c <7% for children and adolescent with T1DM who can
access comprehensive care, HbA1c <7.5% for those who cannot access comprehensive care or have hypoglycemic
unawareness,8 and HbA1c <7% as a treatment goal of youth with T2DM.9 The vast majority of children and adolescent
of both types cannot meet glycemic target.8,10,11 Countries with well-funded and strong health care support system
trended to have better glycemic control.8 Chronic diabetes complications cause significant morbidities and decrease
quality of life of patients with diabetes. Some data suggested that young-onset T2DM had a higher burden of diabetes
complications compared to patient with T1DM.12
The Thai Type 1 Diabetes and Diabetes diagnosed Age before 30 years Registry, Care and Network (T1DDAR CN) was
established in 2014. T1DDAR CN is a collaboration among the Diabetes Association of Thailand, the Thai Society for
Pediatric Endocrinology, and the Endocrine Society of Thailand. The aim of T1DDAR CN is to improve quality of care and
to collect long-term data of patients with T1DM, and of patients diagnosed with any type of diabetes before age 30 years.
A multicenter retrospective study that used T1DDAR CN data to evaluate glycemic control and complications in T1DM
patients was published in 2021.13 In February 2019, a multicenter 5-year prospective study of Type 1 Diabetes and Diabetes
diagnosed Age before 30 years Registry (T1DDAR) was started. The Faculty of Medicine Siriraj Hospital, Mahidol
University is the largest tertiary referral center in the T1DDAR CN, and it is the administrative center for the T1DDAR
study. The aim of this study was to investigate the clinical characteristics, glycemic control, and microvascular complications
compared between young-onset type 1 and type 2 diabetes patients at Siriraj Hospital – a tertiary referral center. Patients with
other specific types of diabetes will be analyzed in further studies.

Materials and Methods
Patients with T1DM in all age groups and patients with diabetes diagnosed at age less than 30 years who attended the
Pediatric Diabetes Clinic or the Medicine Diabetes Clinic at the Faculty of Medicine Siriraj Hospital, Mahidol University
were enrolled in a 5-year prospective T1DDAR study from February 2019. An electronic case record form was
developed using Research Electronic Data Capture (REDCap; Vanderbilt University, Nashville, TN, USA), which is
a web-based program. REDCap is hosted by the Research Institute for Health Sciences of Chiang Mai University, Chiang
Mai, Thailand. Demographic data, socioeconomic data, clinical data at presentation, latest glycemic control and
treatment, and diabetes complications were recorded in the baseline dataset. Glycemic control, diabetes treatment, and
diabetes complications were recorded annually in the follow-up dataset. We abstracted and analyzed data from the
baseline dataset of patients with T1DM or T2DM diagnosed before 30 years of age who were enrolled in the T1DDAR
study during February 2019 to December 2020 at the Faculty of Medicine Siriraj Hospital. The study protocol was
approved by the Central Research Ethics Committee of Thailand (approval no. COA-CREC003/2019) and the Siriraj
Institutional Review Board (SIRB). The study complied with the Declaration of Helsinki. Participants aged ≥18 years
provided written informed consent to participate. Patients aged <18 years gave verbal assent, and a parent or legal
guardian gave written informed consent to participate.
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Diabetes was diagnosed according to American Diabetes Association diagnostic criteria.14 T1DM was diagnosed in
patients having a positive result from pancreatic autoantibody testing. For patients without pancreatic autoantibody
testing or a negative result, type of diabetes was determined based on clinical presentation. T1DM was diagnosed in
patients who were not obese, not having sign of insulin resistance, and/or presenting with diabetic ketoacidosis (DKA).
T2DM was diagnosed in patients who had a negative result from pancreatic autoantibody testing, were obese, or
had signs of insulin resistance. Clinical presentations were stratified by age at onset into 1 of 3 groups, including age
<10 years, age 10 to <20 years, and age 20 to <30 years. Glycemic control was stratified by age at registry into 1 of the
following 3 groups: age <10 years, aged 10 to <20 years, and aged ≥20 years. Glycemic control was classified as good
glycemic control (glycated hemoglobin [HbA1c] <7%), un-optimal control glycemic control (HbA1c 7 to <9%), and poor
glycemic control (HbA1c ≥9%). Obesity was diagnosed in patients aged >18 years if they had a BMI of ≥25 kg/m2.
Obesity was diagnosed in patients aged <18 years if they had weight for height ≥140%. Hypertension was diagnosed if
patients had systolic BP and/or diastolic BP ≥95th percentile for gender, age, and height or were treated with
antihypertensive medication. Hypercholesterolemia was diagnosed if low-density lipoprotein cholesterol was >100 mg/
dL or if patients were receiving lipid lowering medication.13,15
Diabetic retinopathy was defined as the presence of any severity of diabetes retinopathy, macular edema, vitreous
hemorrhage, or tractional retinal detachment. Diabetic nephropathy was diagnosed when the patient had persistent
albuminuria >30 mg/g creatinine. Diabetic neuropathy was diagnosed by monofilament examination, loss of reflex, or
loss of vibratory sensation.

Statistical Analysis
All statistical analyses were performed using SPSS Statistics v. 20 (SPSS, Inc., Chicago, IL, USA). For normally
distributed continuous variables, the data are presented as mean plus or minus standard deviation. For non-normally
distributed continuous variables, the data are presented as median and interquartile range. For categorical data, the data
are presented as number and percentage. For comparisons between young-onset T1DM and T2DM, Student’s t-test and
Mann–Whitney U-test were used for normally distributed and non-normally distributed continuous variables, respectively. Chi-square test or Fisher’s exact test was used to compare categorical variables. Binary logistic regression analysis
was used to adjust factors associated with diabetic retinopathy and diabetic nephropathy. A p-value of <0.05 was
considered statistically significant.

Results
Clinical Characteristics Compared Between Young-Onset T1DM and T2DM
Of the 396 patients that were enrolled, 76% had T1DM and 24% had T2DM (Figure 1). The median (interquartile range,
IQR) duration of disease was 6.7 (3.5, 12.1) years for T1DM, and 5.2 (1.6, 9.4) years for T2DM. Patients with T1DM
had younger age at onset of diabetes (9.7±5.4 vs 16.9±6.4 years, p<0.001) and lower BMI at diagnosis (17.2±4.1 vs 30.8
±7.9 kg/m2, p<0.001). Most of T1DM (66.1%) and 13.7% of T2DM patients had DKA at presentation. In the T1DM
group, the prevalence of DKA at presentation was significantly decreased from 73.9% in the age <10 years group to
31.6% in the age 20–30 years group. Patients with T1DM had higher random plasma glucose (25.3±8.5 vs 14.4±6.0
mmol/L, p=0.001) and higher HbA1c at diagnosis (12.8±2.6 vs 10.9±3.1%, p=0.002) compared to T2DM. Patients with
T1DM had a lower prevalence of family history of diabetes, hypercholesterolemia, and hypertension than patients with
T2DM. The sociodemographic and clinical characteristics of young-onset T1DM and T2DM patients are shown in
Table 1.

Pancreatic Antibodies in Patients with T1DM
Among the 301 patients with T1DM, pancreatic autoantibodies were tested in 238 patients (79.1%). The number of
patients who were tested for one, two, and three antibodies was 17 (5.6%), 192 (63.8%), and 29 (9.6%), respectively.
Anti-GAD, Anti-IA2, and Anti-ZnT8 were tested in 237 (78.7%), 222 (73.8%), and 29 (9.6%) patients, respectively.
Anti-GAD, Anti-IA2, and Anti-ZnT8 were detected in 166, 147, and 13 patients with T1DM, respectively (Figure 2). All
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Figure 1 Type of young-onset diabetes compared between genders among all included patients and stratified by age group.

patients found to be positive for Anti-ZnT8 also had a positive result for Anti-GAD and/or Anti-IA2. Two hundred and
twenty-one patients were tested for both Anti-GAD and Anti-IA2, and 109 (48.9%) patients had a positive result for both
antibodies. Forty-two (18.8%) patients had a positive result for only Anti-GAD, and 37 (16.6%) patients had positive
result for only Anti-IA2. There were 35 (15.7%) patients who had a negative result for both Anti-GAD and Anti-IA2, and
4 of those 35 patients were tested for Anti-ZnT8 and also had a negative result.

Glycemic Control and Diabetes Treatment at Registry
The most recent HbA1c level was not significantly different between T1DM and T2DM patients (8.3±1.8 vs 8.1±2.2,
p=0.303). Good glycemic control (HbA1c <7%) was significantly less often achieved in the T1DM group compared to the
T2DM group (19.3% vs 47.8%, p<0.001). The proportions of patients having good, un-optimal control, and poor
glycemic control are shown in Figure 3A and B. Patients with T1DM and T2DM had different glycemic patterns across
age groups, as shown in Figure 3C. In the T1DM group, the mean HbA1c increased from 7.8±1.1% in the age <10 years
group to 8.7±1.9% in the age 10–20 years group, and then decreased to 7.9±1.6% in the age ≥20 years group. In the
T2DM group, HbA1c gradually increased from 6.7% in the age <10 years group to 7.9±2.4% in the age 10–20 years
group, and to 8.2±2.1% in the age ≥20 years group.
Regarding T1DM treatment, 77.7% of patients used intensive insulin therapy (76.4% used basal bolus insulin
regimen, and 1.3% used continuous subcutaneous insulin infusion), and 22.3% used conventional insulin regimen. For
T2DM treatment, 43.2% of patients used insulin and oral anti-diabetes drugs, and 38.9% used only oral anti-diabetes
drugs. The mean frequency of self-monitoring of blood glucose (SMBG) in T1DM and T2DM patients was 2.9±1.3 and
0.8±1.3 times per day, respectively. In the T1DM group, patients who performed SMBG ≥4 times per day had
a significantly lower HbA1c (7.8±1.4%) than patients who performed SMBG ≤1 times per day (8.6±1.8%, p=0.020),
as shown in Figure 3D. There was no significant difference in HbA1c level among T2DM patients who performed SMBG
a different number of times per day. Glycemic control and management at the time of registration in the T1DDAR CN
compared between young-onset T1DM and T2DM are shown in Table 2.

Microvascular Complications of Diabetes at Registry
Significantly fewer T1DM patients received diabetic retinopathy (DR) screening (81.4% vs 93.7%, p=0.002) and diabetic
neuropathy screening compared to the number of T2DM screened (39.5% vs 57.9%, p=0.002). There was no significant
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Table 1 Sociodemographic and Clinical Characteristics Compared Between Young-Onset Type 1 Diabetes Mellitus
(T1DM) and Type 2 Diabetes Mellitus (T2DM) Patients
T1DM (N=301)

T2DM (N=95)

p-value

9.7±5.4

16.9±6.4

< 0.001*

Age 0 to <10 years

180 (59.8)

9 (9.5)

Age 10 to <20 years

102 (33.9)

56 (58.9)

Age 20 to 30 years

19 (6.3)

30 (31.6)

7 (3.3) (n=210)

53 (82.8) (n=64)

< 0.001*

17.2±4.1 (n=113)

30.8±7.9 (n=62)

< 0.001*
< 0.001*

Clinical characteristic at diagnosis
Age, years
Age, n (%)

Acanthosis nigricans, n (%)
BMI, kg/m2
Diabetes ketoacidosis, n (%)

< 0.001*

199 (66.1)

13 (13.7)

Age 0 to <10 years

133 (73.9)

–

< 0.001*

Age 10 to <20 years

60 (58.8)

12 (21.4)

< 0.001*

Age 20 to 30 years

6 (31.6)

1 (3.3)

0.005*

456±154 (n=32)

260±107 (n=10)

0.001*

25.3±8.5

14.4±6.0

291±70 (n=27)

246±142 (n=41)

16.2±3.9

13.7±7.9

Random plasma glucose (mg/dL)
Random plasma glucose (mmol/L)
Fasting plasma glucose (mg/dL)
Fasting plasma glucose (mmol/L)
HbA1c, %

0.132

12.8±2.6 (n=57)

10.9±3.1 (n=30)

Age 0 to <10 years

12.2±2.2 (n=36)

14.1±3.3 (n=2)

0.002*
0.248

Age 10 to <20 years

14.0±2.9 (n=19)

11.2±3.3 (n=19)

0.008*

Age 20 to 30 years

13.2±4.7 (n=2)

9.4±2.1 (n=9)

0.461

18.6±9.5

23.4±8.5

< 0.001*

6.7 (3.5, 12.1)

5.2 (1.6, 9.4)

0.005*

186 (61.8)

54 (56.8)

0.389

Universal health coverage scheme

212 (70.4)

52 (54.7)

Civil servant medical benefit scheme

43 (14.3)

8 (8.4)

Social security scheme

16 (5.3)

14 (14.7)

Self-payment

27 (9)

21 (22.1)

Others

3 (1)

–

Studying

224 (74.4)

41 (43.2)

Graduate

50 (16.6)

41 (43.2)

Clinical characteristic at registry
Age, years
Duration of DM, years
Female gender, n (%)
Health insurance schemes, n (%)

< 0.001*

Educational status, n (%)

Primary school

< 0.001*

2 (4.1)

7 (17.1)

Secondary school

10 (20.4)

15 (36.6)

Bachelor degree

30 (61.2)

19 (46.3)

Master degree

7 (14.3)

-

131 (44.1)

76 (80.0)

Family history of DM, n (%)

< 0.001*

Comorbidity, n (%)
Obesity

60 (19.9)

79 (83.2)

< 0.001*

Dyslipidemia

50 (16.6)

48 (50.5)

< 0.001*

Hypertension

17 (5.6)

35 (36.8)

< 0.001*

Note: Data were presented as mean ± SD and median (IQR) as appropriate. *Significant at p-value < 0.05.
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Figure 2 Pancreatic antibody results in 238 patients with young-onset type 1 diabetes mellitus. Each patient underwent testing for 1, 2, or 3 different pancreatic antibodies
according to the physician’s discretion.

Figure 3 Glycemic control compared between young-onset type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) patients. (A) Glycemic control among all
T1DM and stratified by age group. (B) Glycemic control among all T2DM and stratified by age group. (C) Mean most recent glycated hemoglobin (HbA1c) level within 6
months compared between T1DM and T2DM and stratified by age group. (D) Mean most recent HbA1c level among T1DM patients stratified by frequency of self monitoring of blood glucose (SMBG).

difference in the rate of diabetic nephropathy (DN) screening between groups. The prevalence of DR (10.6% vs 9%,
p=0.92) and diabetic neuropathy (3.4% vs 5.5%, p=0.514) between T1DM and T2DM was not significantly different.
However, patients with T2DM had a significantly higher prevalence of DN compared to patients with T1DM (10.1% vs
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Table 2 Glycemic Control and Management at the Time of Registration in the Thai Type 1 Diabetes and Diabetes
diagnosed Age before 30 years Registry, Care and Network (T1DDAR CN) Compared Between Young-Onset Type 1
Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM) Patients
T1DM
(n=301)

T2DM
(n=95)

p-value

8.3±1.8

8.1±2.2

0.303

0 to <10 years
10 to <20 years

7.8±1.1
8.7±1.9

6.7
7.9±2.4

0.323
0.019*

≥ 20 years

7.9±1.6

8.2±2.1

0.300

Diabetic ketoacidosis in 12 months, n (%)

21 (6.9)

2 (2.2)

0.079

Severe hypoglycemia in 12 months, n (%)

10 (3.4)

–

Frequency of SMBG (times/day)

3.0±1.1

1.0±1.3

< 0.001*

≤ 1 n (%)

44 (14.6)

68 (71.5)

< 0.001*

2 n (%)
3 n (%)

51 (16.9)
77 (25.6)

12 (12.6)
6 (6.3)

≥ 4 n (%)

121 (40.2)

5 (5.3)

Latest HbA1c within 6 months, %
Latest HbA1c Subgroup by age at registry, %

Anti-hyperglycemic agent (AHA), n (%)
Insulin only

< 0.001*
285 (94.7)

10 (10.5)

16 (5.3)

41 (43.2)

Oral AHA

–

37 (38.9)

Oral AHA and GLP-1RA

–

4 (4.2)

Insulin and GLP-1RA

–

1 (1.1)

Insulin and oral AHA

Insulin regimen, n (%)
Conventional regimen
Basal insulin
Basal bolus insulin
Continuous subcutaneous insulin infusion

< 0.001*
67 (22.3)

29 (55.8)

–

14 (26.9)

230 (76.4)

8 (15.4)

4 (1.3)

–

Oral anti-hyperglycemia agent, n (%)
Metformin

< 0.001*
16 (5.3)

77 (81.1)

Sulfonylurea

–

27 (28.4)

Thiazolidinedione

–

14 (14.7)

DPP4 inhibitor

–

4 (4.2)

Note: Data were presented as mean ± SD and median (IQR) as appropriate. *Significant at p-value < 0.05.
Abbreviations: SMBG, self-monitoring blood glucose. GLP-1RA, glucagon-like peptide-1 receptor agonist.

40.2%, p<0.001). T2DM patients with DN had a significantly shorter duration of diabetes, but a similar most recent
HbA1c level compared to T1DM. The prevalence of diabetes complications is shown in Table 3.
Univariate analysis of factors associated with DR and DN compared between young-onset T1DM and T2DM patients
is shown in Table 4. Binary logistic regression analysis demonstrated that factors associated with DR in T1DM were
older age at diagnosis (odds ratio: 1.13 per year, 95% confidence interval: 1.04–1.22; p=0.003) and longer diabetes
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Table 3 Diabetic Microvascular Complications at the Time of Registration in the Thai Type 1 Diabetes and Diabetes
diagnosed Age before 30 years Registry, Care and Network (T1DDAR CN) Compared Between Young-Onset Type 1
Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM) Patients
Diabetes complication

T1DM
(n=301)

T2DM
(n=95)

p-value

Diabetic retinopathy screening rate, n (%)

245 (81.4)

89 (93.7)

0.004*

Mild to mod DR, n (%)

17 (6.9)

4 (4.5)

0.428

Severe NPDR/ PDR, n (%)

9 (3.7)

4 (4.5)

0.717

Vitreous hemorrhage/ macular edema, n (%)

2 (0.8)

–

19.1 (13.9,24.6)

16.0 (13.1,19.6)

0.270

7.9±1.1

8.9±2.1

0.266

247 (82.1)

83 (87.4)

0.226

25 (10.1)

33 (40.2)

< 0.001*

13.8 (9.2,20.7)

5.7 (4.0,9.4)

< 0.001*

Latest HbA1c, %

8.8±2.3

8.6±1.9

0.689

Diabetic neuropathy, n (%)

119 (39.5)

55 (57.9)

0.002*

4 (3.4)

3 (5.5)

0.514

9.4±3.8

8.2±0.5

0.614

DM duration to DR, years
Latest HbA1c, %
Diabetic nephropathy screening rate, n (%)
Microalbuminuria, n (%)
DM duration to microalbuminuria, years

Diabetes neuropathy, n (%)
Latest HbA1c, %

Note: Data were presented as mean ± SD and median (IQR) as appropriate. *Significant at p-value < 0.05.

duration (odds ratio: 1.19 per year, 95% confidence interval: 1.10–1.28; p<0.001); factor associated with DR in T2DM
was longer diabetes duration (odds ratio: 1.30 per year, 95% confidence interval: 1.10–1.54; p=0.002). Factors associated
with DN in T1DM were higher latest HbA1c level (odds ratio: 1.31 per 1%, 95% confidence interval: 1.03–1.67;
p=0.026) and having hypertension (odds ratio: 5.58, 95% confidence interval: 1.25–24.90; p=0.024); factor associated
with DN in T2DM was having dyslipidemia (odds ratio: 3.31, 95% confidence interval: 1.01–10.94; p=0.049).
Hypertension had a trend of association with DN in T2DM (odds ratio: 2.69, 95% confidence interval: 0.92–7.88;
p=0.071). Factor associated with diabetes neuropathy were not analyzed due to low number of events.

Discussion
The results of this study demonstrate differences in clinical presentation, glycemic control, and microvascular complications between young-onset T1DM and young-onset T2DM. The mean age at diagnosis of patients with T1DM and
T2DM in our study was 9.7±5.4 year and 16.9±6.4 years, respectively, which is close to the peak incidence in youngonset T1DM and T2DM from previous studies.7,16–18 The peak incidence of T1DM diagnosis was observed in children
aged 10–14 years,16,17 and the peak age at presentation of young-onset T2DM was during mid to late puberty.7,18 In the
present study, 66.1% of T1DM patients had DKA as first presentation. Children aged <10 years had the highest
proportion (73.9%) of DKA at first presentation, with a decrease to 58.8% in patients aged 10 to <20 years, and
a further reduction to 31.6% in patients aged 20 to 30 years. A higher incidence of DKA at presentation in younger
children was observed in many countries.19–21 A systematic literature review22 of T1DM in children and
adolescents during April 2011 to May 2016 found a wide range of DKA incidence as first presentation from 14.7%
(Denmark, human development index [HDI]: 0.902) to 79.8% (Saudi Arabia, HDI: 0.826). The authors of that review
reported a higher latitude and higher human development index (HDI) to be significantly associated with a lower DKA
rate at presentation. Those same authors also hypothesized that countries with a high prevalence of T1DM were more
effective at detecting the symptoms of DKA and new-onset T1DM, which resulted in a lower DKA rate at first
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Table 4 Univariate Analysis of Factors Associated with Diabetes Retinopathy and Diabetes Nephropathy Compared Between YoungOnset Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM) Patients
Diabetes retinopathy (DR)
T1DM
No DR

DR

(n= 219)

(n=26)

Age at diagnosis, years

9.5±5.1

14.0±6.7

Duration of DM, years

7.7 (4.5,11.7)

Latest HbA1c, %
BMI, kg/m2

T2DM
p-value

No DR

DR

(n= 80)

(n=8)

p-value

0.002*

16.8±6.4

18.5±7.8

0.469

19.1
(13.9,24.6)

<0.001*

4.8 (1.3,8.3)

16.0
(13.1,19.6)

<0.001*

8.4±1.8

7.9±1.1

0.050

7.9±2.2

8.9±2.1

0.290

22.1±4.1

22.9±4.7

0.350

31.6±

28.3±9.2

0.236

Female gender, n (%)

132 (60.3)

18 (69.2)

0.376

47 (58.8)

6 (75)

0.469

Dyslipidemia, n (%)

36 (16.4)

11 (42.3)

0.003*

39 (48.8)

6 (75)

0.267

Hypertension, n (%)

8 (3.7)

9 (34.6)

<0.001*

28 (35)

5 (62.5)

0.145

Diabetes nephropathy (DN)
T1DM
No DN

DN

(n= 222)

(n=25)

Age at diagnosis, years

10.0±5.1

12.2±6.2

Latest HbA1c, %

8.3±1.6

T2DM
No DN

DN

(n= 49)

(n=33)

0.063

16.4±6.1

17.8±6.4

0.314

8.8±2.3

0.328

7.7±2.4

8.6±1.9

0.087

7.9 (4.6,12.5)

13.8 (9.2,20.7)

<0.001*

4.3 (0.9,8.3)

5.7 (4.0,9.4)

0.143

22.1±4.0

23.7±3.9

0.051

30.2±6.9

31.9±6.9

0.298

Female gender, n (%)

133 (59.9)

18 (72.0)

0.240

23 (46.9)

21 (63.6)

0.137

Dyslipidemia, n (%)

40 (18.0)

9 (36.0)

0.059

20 (40.8)

24 (72.7)

0.004*

Hypertension, n (%)

9 (4.1)

8 (32.0)

<0.001*

14 (28.6)

18 (54.5)

0.018*

Duration of DM, years
BMI, kg/m2

p-value

p-value

Note: Data were presented as mean ± SD and median (IQR) as appropriate. *Significant at p-value < 0.05.

presentation.22 Therefore, the high DKA rate at first presentation in our study might be explained by Thailand’s HDI of
0.777 (United Nations Human Development Report 2020),23 and the fact that Thailand has a comparatively lower
prevalence of T1DM (1.65 per 100,000/year in 1991–1995),4 which resulted in a lower level of awareness of T1DM
symptoms in children and adolescents. The T2DM patients in our study had typical clinical presentation of T2DM in
children and adolescents,7,18 including obesity (mean BMI: 30.8±7.9 kg/m2), sign of insulin resistance (acanthosis
nigricans, 82.8%), family history of DM (80%), and low rate of DKA (13.7%) at presentation. Reinehr18 reported that
5–25% of non-Caucasian children and adolescents presented with DKA at diagnosis of T2DM.
The detection rate of Anti-GAD and Anti-IA2 in our study was comparable with the detection rate in recent-onset
T1DM patients from a study conducted in the United Kingdom.24 Half of the patients in our study had a positive result
for both Anti-GAD and Anti-IA2, whereas some patients (approximately 16–20%) had a single positive result for AntiGAD or Anti-IA2. Therefore, we recommend measuring both Anti-GAD and Anti-IA2 in routine clinical practice.
Approximately 15% of patients had a negative result for both Anti-GAD and Anti-IA2, and this proportion is similar to
the previously reported 10–15% rate of autoantibody negative T1DM.25 Previous study showed that Anti-ZnT8 improves
the sensitivity of T1DM diagnosis because Anti-ZnT8 was found in 26% of T1DM subjects classified as autoantibody-
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negative on the basis of existing markers, including Anti-GAD, Anti-IA2, antibodies to insulin, and islet cytoplasmic
autoantibodies.26 However, the measurement rate of Anti-ZnT8 in our study was low (9.6%) because Anti-ZnT8 testing
was only recently introduced at our center (December 2018). Therefore, the clinical implication of Anti-ZnT8 in our
population requires further study.
There was no significant difference in mean HbA1c between patients with T1DM and patients with T2DM in our
study. However, a significantly larger percentage of T2DM patients achieved good glycemic control compared to patients
with T1DM. The mean HbA1c of T1DM patients in our study (8.3±1.8%) was lower than that in the Thai T1DM national
registry (9.35±2.41%).13 The better glycemic control of T1DM patients at our center compared to national registry data
might be explained by a higher percentage of intensive insulin therapy (77.7% vs 57.0%) and a higher frequency of
SMBG (3.0±1.1 vs 2.06±1.41 times daily). In addition, all T1DM patients at our center were treated by pediatric or adult
endocrinologists, and they received intensive diabetes self-management education (DSME) from a multidisciplinary
team. The ISPAD 201827 and ADA 202128 guidelines both recommend intensive insulin therapy for patients with T1DM
since basal bolus insulin regimen has the best potential for imitating the physiological human insulin profile. The T1DM
Exchange clinic registry in the United States found a higher number of SMBG measurements per day to be strongly
associated with a lower HbA1c level in all age groups.29 The DPV-Wiss database from Germany and Austria revealed that
one additional SMBG per day was significantly associated with better metabolic control with a drop in HbA1c of 0.2%.30
Frequent SMBG improves HbA1c due to an improved ability to quickly correct out-of-target range glucose values by
determining bolus insulin, and by decreasing the risk of overcorrection of hypoglycemia due to early detection of low
glucose value before the onset of symptomatic hypoglycemia.8
The pattern of deterioration of glycemic control in patients with T1DM during adolescence followed by gradual
improvement in adulthood was also observed in previous studies from the United States and Europe.31–33 Reported
factors that may influence this deterioration include increased insulin resistance due to endocrine change, erratic meal and
exercise pattern, missing insulin doses, transition from pediatric to adult diabetes clinic, decreased parental support, and
psychological illness.34,35 In contrast, glycemic control in patients with T2DM in our study worsened as they got older
and had a longer duration of diabetes. One possibility that may explain this worsening of glycemic control is rapid
decline in β cell function.3 In young-onset T2DM, the initial deterioration of β cell function impairs first-phase nutrientinduced insulin secretion, which is the same as in late-onset T2DM. However, young-onset T2DM showed early decline
in second-phase nutrient-induced insulin secretion, and accelerated loss of β cell function compared to late onset T2DM.3
Previous studies reported a significantly higher prevalence of microvascular complications in patients with young-onset
T2DM compared to patients with T1DM.3,12,36–38 However, our study showed a similar prevalence of diabetic retinopathy
(DR) between groups with a slightly shorter duration of diabetes in patients with T2DM compared to patients with T1DM.
Studies comparing the prevalence of DR between patients with young-onset T2DM and T1DM reported mixed results. Data
from India showed a similar prevalence of any DR between groups (T1DM 53.3% vs T2DM 52.7%).39 Data from the United
Kingdom also showed a similar prevalence of significant DR between groups (T1DM 21.6% vs T2DM 20.8%, p>0.05).36
However, after adjusting for diabetes duration, the T2DM cohort had a significantly higher prevalence of significant DR than
T1DM after 10-years duration. Data from the SEARCH study (USA) demonstrated a higher age-adjusted prevalence of DR
in patients with young-onset T2DM (T1DM 5.6% vs T2DM 9.1%, p=0.02).40
Interestingly, the prevalence of diabetic nephropathy (DN) in our study was significantly higher in patients with youngonset T2DM than in patients with T1DM despite T2DM having a shorter duration of diabetes. The SEARCH study showed
a significantly higher age-adjusted prevalence of DN in patients with young-onset T2DM (T1DM 5.8% vs T2DM 19.9%,
p<0.01).40 A study from Australia also found a significantly higher prevalence of microalbuminuria in young-onset T2DM
compared to T1DM (T1DM 6% vs T2DM 28%, p<0.0001).41 The TODAY clinical trial, a cohort of newly diagnosed (onset
<2 years) adolescent T2DM (aged 10–17 years), showed rapid progression of microalbuminuria from 6.3% at baseline to
16.6% at the end of follow-up (3.9 years).42 Data from Manitoba, Canada revealed that young-onset T2DM had a four-fold
increased risk of renal failure compared to young-onset T1DM, and a 23-fold increased risk of renal failure compared to
youth without DM.38 Pubertal growth factors and hormonal changes during puberty might influence nephropathy
progression.43 While longer diabetes duration, older age, puberty, elevated glucose level, elevated blood pressure, dyslipidemia, and obesity were reported to be risk factors for diabetes complications in children and adolescents with diabetes,15 we
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found that longer diabetes duration was associated with DR in both T1DM and T2DM, and older age was associated with DR
only in T1DM. Latest higher HbA1c and hypertension were associated with DN in T1DM, and dyslipidemia was associated
with DN in T2DM. The reasons why glycemic control, which is a significant risk factor of all diabetes complications,44 was
only associated with DN in T1DM might be explained by the cross-sectional data collection of our study. Only HbA1c levels
within the latest year were available, data of previous glycemic control or glycemic pattern were lacking. Furthermore, the
number of microvascular events in our study was low that might limit a power to identify the associated risk factors for
microvascular complications. However, because young-onset T1DM and T2DM both have increased risk of atherosclerotic
cardiovascular disease, modification of cardiovascular risk factors, including glucose level, blood pressure, cholesterol level
and body weight, should be encouraged.

Limitations
Our study has some mentionable limitations. First, data at diagnosis in some patients were not available because some
patients were referred from other hospitals. Second, pancreatic autoantibodies were not tested in all patients because
the decision regarding pancreatic autoantibody testing was made at the discretion of each physician. Third, microvascular complications were not screened in all patients, and diabetic nephropathy was defined by albuminuria only.

Conclusion
Patients with young-onset T1DM had a significantly higher prevalence of DKA at presentation, and most T1DM did not
achieve glycemic target, especially during adolescence. Young-onset T2DM patients had a significantly higher prevalence of diabetic nephropathy that developed within a significantly shorter duration of diabetes compared to young-onset
T1DM. Therefore, strategies to increase awareness of T1DM, to improve glycemic control, and to slow the progression
of diabetes complications in young-onset diabetes should be promoted.
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