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Summary
Background There is a lack of published studies on incidence of type 1 diabetes (T1D) and diabetic ketoacidosis
(DKA) in Thailand. We aimed to estimate the national prevalence and incidence of T1D and DKA.

Methods Using Thailand’s nationwide population-based longitudinal data covering 69 million individuals, we
included the entire children and adolescents recorded in the database. Diseases were identified using ICD-10 codes.
We investigated the prevalence of T1D and cumulative incidence of T1D, T1D referral, DKA, and mortality risk of
DKA in five years from 2015 to 2020. T1D and DKA annual incidence were also estimated. We present findings for
the total population and by sex, age, and urban-rural residencies.

Findings A total of 19,784,781 individuals aged less than 20 years were identified in 2015. The crude T1D prevalence
in 2015 was 17¢6 per 100,000 and crude T1D incidence rate was 5¢0 per 100,000. T1D prevalence and cumulative
incidence were significantly higher in older children (p < 0¢001) and females (p < 0¢001) than their counterparts.
Among those with T1D, cumulative incidence of T1D referral was 42¢4%. It was highest amongst children aged 5
−14 years and was significantly higher among females (all p < 0¢05). The crude DKA incidence rate at any point
after diagnosis was 10¢8%. The cumulative incidence of DKA was significantly higher in females and peaked in indi-
viduals aged 5−14 years (all p < 0¢001). The DKA mortality risk was 258¢2 per 100,000.

Interpretation Older children and females had higher T1D prevalence. The DKA cumulative incidence and mortal-
ity risk were relatively low, and such incidence was peak in individuals aged 5−14 years.
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Introduction require lifelong exogenous insulin supplementation,
Type 1 Diabetes (T1D) is a chronic disease characterised
by minimal insulin production due to autoimmune-
mediated destruction of pancreatic beta cells,1 leading to
elevated blood glucose levels. Individuals with T1D
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regular health care, and behavioral lifestyle changes to
control their blood glucose.2 Failure to access treatment
and care can lead to the development of life-threatening
complications.3 Providing such care is fundamental to
promoting healthy growth of children and adolescents,
a key driver of the United Nations Sustainable Develop-
ment Goals (SDGs) and human capital development.4

Several studies have suggested that T1D incidence
is underestimated globally, particularly in low-
income and middle-income countries,5−7 leading to
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Research in context

Evidence before this study

There is a lack of published studies on national inci-
dence of type 1 diabetes (T1D) and diabetic ketoacido-
sis (DKA) in Thailand. We searched MEDLINE via
PubMed and Embase from inception to December 19,
2020, using Medical Subject Headings and keywords
related to “diabetes mellitus”, “type 1 diabetes”, and
“diabetic ketoacidosis”, in combination with the term
“Thailand”. We did not apply any language restriction.
We found that all published studies investigating inci-
dence of T1D in Thailand were conducted in 1990s, and
they revealed only some localised incidence patterns in
some regions of the country. Likewise, a study investi-
gating incidence of DKA in Thailand were conducted
only in a tertiary care setting. Therefore, it is not known
to what extent the incidence of T1D and DKA in Thai-
land compare with current international trends, and
whether their epidemiological characteristics differ.
Such a lack of evidence creates challenges in health sys-
tem planning to provide an appropriate and equitable
level of screening, diagnosis, treatment and effective
care of children and adolescents with T1D.

Added value of this study

To our knowledge, this is the first nationwide popula-
tion-based investigation to examine prevalence and
incidence trends and patterns of T1D and DKA amongst
children and adolescents in Thailand. Using population-
based longitudinal data covering 69 million individuals,
we captured most, if not all, patients seen at all hospital
levels and in all provinces in Thailand. Our results show
that the T1D prevalence and annual incidence rate in
Thailand were relatively low as compared to the levels
observed globally, possibly due to differences in genetic
susceptibility, and the trend showed an increase over
time. We found that older children and females had
higher level of T1D. Females and children aged 5 to
14 years were more likely to be referred to other hospi-
tals for T1D management. Among children and adoles-
cents with T1D, the annual incidence rate of DKA was
relatively low and its trend over time declined. The five-
year cumulative incidence of DKA was higher in females
and older children with a peak amongst children aged 5
to 14 years. The mortality risk of DKA was low. The evi-
dence of low DKA incidence and mortality risk of DKA
suggests benefits of Thailand’s Universal Health Cover-
age (UHC) that improve access to care both in aspects
of affordability and timeliness.

Implication of all the available evidence

Incidence of T1D amongst children and adolescent is
increasing globally, even in countries with low T1D inci-
dence, such as Thailand. In addition, policy makers
should give careful consideration to allocating low-cost
affordable or free T1D care interventions, such as self-
management support, community involvement, and
decision support systems, to target children aged 5 to

14 years as they have a higher risk of DKA and are more
vulnerable to poor compliance with medical and self-
care as compared to other age groups. Finally, our find-
ings inform important implications of UHC’s benefits to
enhanced T1D care in terms of improving access to
care, especially in low- and middle-income countries.
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potentially inefficient health system planning to pro-
vide an appropriate and equitable level of screening,
diagnosis, treatment and effective care of children
and adolescents with T1D.

T1D has varying incidence worldwide,8 and global
trends suggest an increasing incidence for the past three
decades.9 When inadequately managed, T1D can lead to
several serious complications, such as diabetic ketoacidosis
(DKA).10 DKA, in particular, which is characterised by
excess ketone production, is one of the most common
causes of mortality, morbidity, and hospitalization in T1D
children and adolescents.11 It is therefore critically impor-
tant to measure true levels of the incidence and prevalence
of T1D and its complications in order to provide an appro-
priate level of care to reduce avertable disability and mor-
tality from the disease.

It is not known to what extent the incidence of T1D and
DKA in Thailand compare with international trends, and
whether their epidemiological characteristics differ. A
study conducted from 1991 to 1995 suggested that north-
eastern Thailand had one of the lowest incidence rates in
the world.12 Other studies have assessed disease patterns
in Thailand, showing that the average age of onset was
11 years with a higher incidence occurring in females.13−17

A further study reported on the social determinants found
a higher incidence of T1D in families with lower socioeco-
nomic levels.14 There is sparse evidence on the incidence
of DKA amongst children and adolescents with T1D in
Thailand, possibly due to challenge of obtaining reliable
data. A study conducted in a tertiary care center in
Thailand found that the DKA incidence in the
study’s setting increased to 6¢2% in 2010.18 While
these studies reveal localised incidence patterns to
help inform T1D care in some regions of the coun-
try, there is a need for national population-level
research to inform national policies and healthcare
delivery for enhanced T1D care.

This study utilised a nationwide population-based
database, which covers the whole Thai population
(69 million) sourced from individual-level longitudi-
nal data reported by public health care facilities
across Thailand from December 1, 2015 to December
1, 2020.19 Focusing on approximately 19 million
individuals aged less than 20 years, this study com-
prised three main study objectives: (1) to determine
national estimates of the incidence and prevalence of
T1D among children and adolescents in Thailand; (2)
to establish the incidence of DKA; and (3) to better
understand their epidemiological patterns in terms
of sex, age, and geographic setting.
www.thelancet.com Vol 21 Month April, 2022
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Methods

Data source
We used a nationally representative population-based
database that provides de-identified individual-level lon-
gitudinal data, called “43 Folders”.19 The database cap-
tures data from registrations and health records of all
patients seen at all public hospital levels in all provinces.
It is owned by the Ministry of Public Health and was
launched in 2013. All patient registrations and health
information reported by public health facilities across
Thailand are recorded monthly in the database. General
patient information is annually updated to the main
database system. The data quality is reviewed at the hos-
pital and provincial levels to ensure the accuracy of data.
As 70% of health facilities are public and are accessible
by all due to Thailand’s universal health coverage
(UHC), this database captures the vast majority, if not
all, of the Thai population.

For this study, we retrieved data for all children
and adolescents available in the database, which
were approximately 19 million unique patients’ data
in 2015 and 17 million in 2020. The data used for
this study contain registration and health data,
including personal information, service and medical
records of both out-patient visits and in-patient
admissions, drug prescription, and death records.
Disease diagnoses are classified using the Interna-
tional Classification of Disease, Tenth Edition, Clini-
cal Modification (ICD-10-CM) according to the World
Health Organization Guidelines. Since data are de-
identified, personal consents were not needed.

To assess the completeness of ascertainment, we
used a two-sample capture-recapture method.20 The pri-
mary source of ascertainment was hospital records of
T1D, and the secondary source of ascertainment was
prescription data of insulin. The database had the com-
pleteness of ascertainment of 100%.
Study population
The study used a nationwide population-based database,
covering all 13 regional health service areas across Thai-
land and captured data on patients seen at all hospital
levels, including primary health centers, district hospi-
tals, general hospitals, and regional hospitals.

Our population of interest was children and adoles-
cents in Thailand, which was defined as all individuals
aged less than 20 years whose data were available in the
database. As we focused on outcomes measured in
2015, 2020 and from 2015 to 2020, individuals were
included in our study if they were born from December
2, 1995, to December 1, 2015 (for outcomes measured
in 2015), from December 2, 2000, to December 1, 2020
(for outcomes measured in 2020), or from December 2,
1995 to December 1, 2020 (for outcomes measure from
2015 to 2020). According to the National Statistical
www.thelancet.com Vol 21 Month April, 2022
Office, Thailand is an aging society and thus the popula-
tion aged 0 to 19 is declining over time.21
Outcome and explanatory variables
Outcome variables. Our analysis focused on the follow-
ing outcome variables:

� Prevalence of T1D among children and adolescents
in 2020;

� Prevalence of T1D among children and adolescents
in 2015;

� Five-year cumulative incidence of T1D among chil-
dren and adolescents from 2015 to 2020;

� Five-year cumulative incidence of referral to other
hospitals for T1D management (T1D referral)
among children and adolescents with T1D from
2015 to 2020;

� Five-year cumulative incidence of DKA at any point
after T1D diagnosis among children and adoles-
cents with T1D from 2015 to 2020;

� Five-year mortality risk of DKA among children and
adolescents with T1D from 2015 to 2020;

� Annual incidence rate of T1D among children and
adolescents from 2015 to 2020;

� Annual incidence rate of DKA at any point after T1D
diagnosis among and adolescents with T1D from
2015 to 2020.

For prevalence outcomes, we use the index date of
December 1, 2015 for an outcome measured in 2015 and
December 1, 2020 for an outcome measured in 2020. For
cumulative incidence outcomes, using the index date of
December 1, 2015, we counted episodes of events of inter-
est from December 1, 2015, to December 1, 2020. Like-
wise, for annual incidence rate outcomes, episodes of
events of interest were counted for each year period
(December 1 to November 30) from 2015 to 2020. Follow-
ing the annual data update period of the database, we
used the index date of December 1 to reduce the likelihood
of missing data. For simplicity, only 1 episode of such
events per individual was considered (i.e., for incidence
outcomes, individuals were removed from the study
cohort after they developed an event of interest).
Case definition. Individuals with T1D were identified
from out-patient visit records using any of the ICD10-
CM codes for T1D at a specific time point (for preva-
lence outcomes) or within a study time frame (for inci-
dence outcomes). The ICD10-CM codes for T1D
included E10¢0, E10¢1, E10¢2, E10¢3, E10¢4, E10¢5,
E10¢6, E10¢7, E10¢8, and E10¢9. T1D individuals being
referred to other hospitals for T1D management were
identified from hospital service records if they had a
3
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record showing a post-service status as being referred to
other hospitals within the study time frame. Similarly,
hospitalizations for DKA were identified using the
ICD10-CM code E10¢9, and deaths from DKA were
identified from death records using the same code.
Explanatory variables. Children and adolescents were
categorised according to (1) sex: male versus female; (2)
age group: ages 0−4, 5−9, 10−14, and 15−19 years; and
(3) urban versus rural residencies. Urban versus rural
residencies were classified based on subdistricts. Sub-
districts that were upgraded to “Subdistrict Municipal-
ity” were classified as “Urban”. Otherwise, subdistricts
were classified as “Rural”.
Statistical analysis
For prevalence, we calculated crude prevalence of T1D
in 2015 and 2020. The denominator for the prevalence
of T1D included the entire living children and adoles-
cent population in Thailand. The numerator included
those classified as T1D at the index dates.

For cumulative incidence, we calculated crude five-
year cumulative incidences of T1D, T1D referral, DKA,
and five-year mortality risk of DKA. The denominator
(at-risk population) for the cumulative incidence of T1D
included living individuals without T1D at the index
date. Its numerator included those who developed T1D
during the 5-year follow-up period. For the cumulative
incidence of T1D referral and DKA as well as the mortal-
ity risk of DKA, their denominator included living indi-
viduals with T1D at the index date. The numerator for
these three outcome variables included those being
referred to other hospitals for T1D management, those
developing DKA, and those dying from DKA during the
5-year follow-up period, respectively.

We also estimated crude annual incidence rates of
T1D and DKA for each year period from 2015 to 2020.
Demographic characteristics 2015

Sex

Female (n, %) 9,496,695; 48¢0
Male (n, %) 10,288,086; 52¢0
Age group (year)

0 to 4 (n, %) 4,550,500; 23¢0
5 to 9 (n, %) 4,629,639; 23¢4
10 to 14 (n, %) 4,748,347; 24¢0
15 to 19 (n, %) 5,856,295; 29¢6
Urban versus rural locationsa

Urban (n, %) 6,335,063; 39¢6
Rural (n, %) 9,644,696; 60¢4

Table 1: Demographic characteristics of children and adolescents in Th
a Approximately 19% of individuals with missing data for address were exclud
The direct method of age standardisation was per-
formed for prevalence of T1D and annual incidence
rates of T1D and DKA using 2009 Thai standard popu-
lation, for T1D outcomes, and 2015 Thai calculated T1D
population, for DKA outcomes.

Individuals with missing data for each selected char-
acteristic were excluded from their corresponding strati-
fied analyses. We reported each outcome as an estimate
and its 95% confidence interval (CI). All outcomes were
estimated for the overall population and stratified by
sex, age group, and urban versus rural residencies.
Associations between each explanatory variable and out-
comes were determined by p-values obtained from chi-
squared tests using StataMP 15. We considered p-values
less than 0¢05 as statistically significant.
Role of the funding source
The funders did not have any role in study design, data
collection, data analysis, interpretation, and writing of
the report.
Results
The demographic characteristics of the study population
in 2015 and 2020 were presented in Table 1. Of the
study population in 2015, 48% were females and 52%
were males. 23% were in the 0−4 age group, while
23¢4%, 24%, and 29¢6% were in the 5−9, 10−14, and 15
−19 age groups, respectively. In terms of urban versus
rural locations, 39¢6% were in urban areas while 60¢4%
were in rural areas. The demographic patterns of the
study population in 2020 were similar to those in 2015.
Prevalence of T1D among children and adolescents in
2015 and 2020 (Table 2)
In 2015, of the 19,784,781 individuals aged less than
20 years in Thailand, 3,486 (17¢6 per 100,000; 95% CI:
2020

8,320,599; 48¢0
9,013,982; 52¢0

3,089,022; 17¢8
4,373,515; 25¢2
4,773,944; 27¢6
5,098,100; 29¢4

5,476,072; 39¢1
8,534,635; 60¢9

ailand in 2015 and 2020.
ed from the study.
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17¢0/100,000 to 18¢2/100,000) were classified as hav-
ing T1D. In 2020, of the 17,334,581 individuals aged less
than 20 years, 5,117 (29¢5 per 100,000; 95% CI 28¢7/
100,000 to 30¢3/100,000) were classified as having
T1D. The crude prevalence was significantly higher in
2020 than that in 2015 (p < 0¢001). The same pattern
was observed in age-standardised prevalence
(p < 0¢001; Supplementary Table 3). Also, we observed
similar trends of variations between these two years.
Older children were associated with a higher T1D
prevalence. Compared with children aged 0−4 years,
adolescents aged 15−19 years had 15 and 9 times
higher in T1D prevalence in 2015 and 2020, respec-
tively (both p < 0¢001). We found that females had a
higher prevalence of T1D. When compared with
males, females had approximately 1¢3 times higher
in T1D prevalence both in 2015 and 2020 (both
p < 0¢001). However, there was no difference in the
prevalence of T1D among those living in urban ver-
sus rural residence in both years.
Five-year cumulative incidence of T1D among children
and adolescents (Table 2)
Of the 19,781,230 individuals without T1D aged less
than 20 years who were identified at the index date,
3410 (17¢2 per 100,000; 95% CI 16¢7/100,000 to
17¢8/100,000) developed T1D in five years of follow-
up period. We observed similar trends of variations
in this outcome as those in T1D prevalence. Older
children were associated with higher T1D five-year
cumulative incidence. Compared with children aged
0−4 years, adolescents aged 15−19 years had five
times higher risks of developing T1D in five years
(p < 0¢001). Also, we found that females were associ-
ated with a higher T1D five-year cumulative
Characteristic Prevalence
per 100,000
in 2015

95% CI P-valuea Prevalence
per 100,000
in 2020

Total 17¢6b (17¢0, 18¢2) - 29¢5b
Age group (years)
0 to 4 2¢4 (2¢0, 2¢9) Ref 5¢3
5 to 9 7¢7 (6¢9, 8¢5) <0¢001 11¢6
10 to 14 19¢4 (18¢1, 20¢6) <0¢001 26¢4
15 to 19 35¢9 (34¢3, 37¢4) <0¢001 47¢7
Sex
Male 14¢9 (14¢2, 15¢7) Ref 25¢3
Female 20¢0 (19¢1, 20¢9) <0¢001 32¢9
Urban versus rural residenciesc

Urban 17¢6 (16¢5, 18¢6) Ref 32¢1
Rural 18¢7 (17¢8, 19¢5) 0¢113 31¢7

Table 2: Crude prevalence and crude five-year cumulative incidence of
Thailand for the total population and by selected characteristics.
Ref: reference group; T1D: Type 1 Diabetes; 95% CI: 95% confidence interval.

a P-value indicated the statistical significance of the differences of an outcome
b P-value for a difference of the T1D prevalence between in 2015 and 2020 is <
c Approximately 19% of individuals with missing data for address were exclude
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incidence. When compared with males, females had
1¢4 times higher risk of T1D incidence in five years
(p < 0¢001). However, there was no difference in the
five-year cumulative incidence of T1D among those
living in urban versus rural residencies in both
years.
Five-year cumulative incidence of T1D referral among
children and adolescents with T1D (Table 3)
Overall, 3486 individuals diagnosed with T1D at age less
than 20 years were identified at the index date. There
were 1,477 (42¢4%; 95% CI 40¢7% to 44¢0%) unique
individuals who were referred to other hospitals for T1D
management in five years of follow-up period. The five-
year cumulative incidence of T1D referral was lowest
among individuals aged 15−19 years (34¢7%), followed
by individuals aged 0−4 years (39¢1%), 5−9 years
(53¢0%), and 10−14 years (56¢2%). While the higher
cumulative incidence in the 5−9 and 10−14 age groups
were both statistically significant when compared with
individuals aged 0−4 years (p = 0¢011 and 0¢001,
respectively), there was no significant difference
observed between the 15−19 and 0−4 age groups.
Females had 1¢2 times higher five-year cumulative inci-
dence of T1D referral compared with their counterparts
(p < 0¢0001). There was no difference in the five-year
cumulative incidence of T1D among those living in
urban versus rural residence.
Five-year cumulative incidence of DKA at any point
after T1D diagnosis among children and adolescents
with T1D (Table 4)
Of the 3486 individuals diagnosed with T1D at age less
than 20 years who were identified at the index date, 802
(23¢0%; 95% CI 21¢6% to 24¢4%) developed a new onset
95% CI P-valuea Five-year
cumulative
incidence of
T1D per
100,000

95% CI P-valuea

(28¢7, 30¢3) - 17¢2 (16¢7, 17¢8) -

(4¢5, 6¢0) Ref 5¢3 (4¢7, 6¢0) Ref
(10¢7, 12¢6) <0¢001 12¢4 (11¢4, 13¢4) <0¢001
(25¢1, 27¢8) <0¢001 22¢0 (20¢6, 23¢3) <0¢001
(45¢9, 49¢4) <0¢001 26¢5 (25¢2, 27¢9) <0¢001

(24¢2, 26¢3) Ref 14¢5 (13¢8, 15¢2) Ref
(31¢7, 34¢1) <0¢001 19¢7 (18¢8, 20¢6) <0¢001

(30¢6, 33¢6) Ref 17¢0 (16¢0, 18¢1) Ref
(30¢5, 32¢9) 0¢671 17¢2 (16¢4, 18¢1) 0¢771

diagnosed type 1 diabetes among children and adolescents in

(e.g., T1D prevalence in 2015) compared with the reference group.

0.001 (reference group: T1D prevalence in 2015).

d from the stratified analyses by urban versus rural residencies.
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Characteristic Five-year cumulative incidence
of T1D referral per 100

95% CI P-valuea

Total 42¢4 (40¢7, 44¢0) -

Age group (years)

0 to 4 39¢1 (30¢0, 48¢2) Ref

5 to 9 53¢0 (47¢8, 58¢2) 0¢011
10 to 14 56¢2 (52¢9, 59¢4) 0¢001
15 to 19 34¢7 (32¢7, 36¢8) 0¢35
Sex

Male 38¢1 (35¢7, 40¢6) Ref

Female 45¢8 (43¢6, 48¢0) <0¢0001
Urban versus rural residenciesb

Urban 48¢9 (45¢9, 51¢8) Ref

Rural 46¢9 (44¢6, 49¢2) 0¢297

Table 3: Crude five-year cumulative incidence of being referred to other hospitals for management of type 1 diabetes (T1D) among
children and adolescents with T1D in Thailand for the total population and by selected characteristics.
Ref: reference group; T1D referral: being referred to other hospitals for management of Type 1 Diabetes; 95% CI: 95% confidence interval.

a P-value indicated the statistical significance of the differences of cumulative incidence of T1D referral compared with the reference group.
b 14% of individuals with missing data for address were excluded from stratified analyses by urban versus rural residencies.
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of DKA at any point after T1D diagnosis in five years of
follow-up period. Females had a higher risk of DKA.
The five-year cumulative incidence of DKA peaked in
the 5−9 and 10−14 age groups. Compared with chil-
dren aged 0−4 years, children aged 5−9 years and 10
−14 years both had approximately four times higher in
the risk of DKA (p < 0¢001), while adolescents aged 15
−19 years had double the risk of DKA in five years
(p = 0¢006). No urban versus rural residencies differ-
ence was observed in the five-year cumulative incidence
of DKA.
Characteristic Five-year cumulative
incidence of DKA per 100

95% CI P-v

Total 23¢0 (21¢6, 24¢4) -

Age group (years)

0 to 4 8¢2 (3¢1, 13¢3) Ref

5 to 9 31¢0 (26¢2, 35¢8) <0¢
10 to 14 32¢0 (29¢0, 35¢0) <0¢
15 to 19 18¢5 (16¢9, 20¢2) 0¢00
Sex

Male 19¢4 (17¢4, 21¢3) Ref

Female 26¢0 (24¢0, 27¢9) <0¢
Urban versus rural residenciesb

Urban 26¢5 (23¢9, 29¢1) Ref

Rural 25¢8 (23¢8, 27¢9) 0¢68

Table 4: Crude five-year cumulative incidence of diabetic ketoacidosis (
and adolescents with type 1 diabetes in Thailand for the total populati
DKA: diabetic ketoacidosis; Ref: reference group; 95% CI: 95% confidence interva

a P-value indicated the statistical significance of the differences of an outcome
b 14% of individuals with missing data for address were excluded from stratifie
Five-year mortality risk of DKA among children and
adolescents with T1D (Table 4)
Of the 3486 individuals diagnosed with T1D at age less
than 20 years who were identified at the index date,
only nine (258¢2 per 100,000; 95% CI 89¢7/100,000 to
426¢6/100,000) died from DKA in five years of follow-
up period. There were no T1D cases aged 0−9 years
who died from DKA observed during the five-year fol-
low-up period. The risk of dying from DKA was highest
in the 10−14 age group. However, this difference was
not statistically significant. Similarly, no sex nor urban
aluea Five-year mortality risk
of DKA per 100,000

95% CI P-valuea

258¢2 (89¢7, 426¢6) -

0¢0 n/a n/a Ref

001 0¢0 n/a n/a n/a

001 326¢4 (0¢0, 695¢2) 1

6 285¢4 (57¢4, 513¢5) 1

320¢5 (40¢0, 601¢0) Ref

0001 207¢7 (4¢4, 411¢0) 0¢514

449¢2 (56¢4, 842¢1) Ref

8 166¢7 (0¢0, 355¢1) 0¢273

DKA) and crude five-year mortality risk of DKA among children
on and by selected characteristics.
l.

(e.g., cumulative incidence of DKA) compared with the reference group.

d analyses by urban versus rural residencies.
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versus rural differences were observed in the five-year
mortality risk of DKA.
Annual incidence rate of T1D among children and
adolescents and annual incidence rate of DKA any
point after T1D diagnosis among children and
adolescents with T1D from 2015 to 2020
(Supplementary Tables 2 and 4)
Of 22,748,162 children and adolescents identified from
2015 to 2020, a total of 4628 individuals developed
T1D. The crude annual incidence rate of T1D increased
over time. A 12¢5% increase (from 4¢8/100,000 to 5¢4/
100,000) in the crude annual incidence rate of T1D was
observed from year period 2015 to 2020 (Figure 1 and
Supplementary Table 2). The trend over time observed
in the age-standardised incidence rate of T1D was rela-
tively steady (Figure 1 and Supplementary Table 4).

Of 7185 children and adolescents with T1D identified
from 2015 to 2020, a total of 2222 individuals developed
a new onset of DKA at any point after T1D diagnosis.
The crude annual incidence rate of DKA had a declining
Figure 1. Trend in the crude and age-standardised annual inciden
Thailand from 2015 to 2020.

� The data labels correspond to crude and age-standardised va
standardised values, the direct method of age standardization was p
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trend over time. From year period 2015 to 2020, there is
a 44¢7% decrease (from 15¢9 per 100 to 8¢8 per 100) in
the crude annual incidence of DKA (Figure 2 and Sup-
plementary Table 2). The similar trend was observed in
the age-standardised incidence rate of DKA (Figure 2
and Supplementary Table 4).

We provided numbers of prevalent T1D cases from
2015 to 2020 for total population and annual incidence
rates of T1D and DKA from 2015 to 2020 by sex, urban
versus rural, and age group in the supplementary infor-
mation.
Discussion
This study is the first nationwide population-based
investigation to examine national estimates of the preva-
lence and incidence trends and patterns of T1D and
DKA amongst children and adolescents, with data
across all hospital levels and provinces in Thailand. We
further investigated the incidence of referral to other
hospitals for T1D management and the mortality risk of
DKA to understand the performance of T1D
ce rates of type 1 diabetes among children and adolescents in

lues. The bars correspond to 95% confidence intervals. For age-
erformed using 2009 Thai standard population.

7



Figure 2. Trend in the crude and age-standardised annual incidence rates of diabetic ketoacidosis among children and adolescents
with type 1 diabetes in Thailand from 2015 to 2020.

� The data labels correspond to age-standardised values. The bars correspond to 95% confidence intervals. For age-standardised
values, the direct method of age standardization was performed using 2015 Thai calculated T1D population.
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management. All outcomes were determined for the
total population and analysed by sex, age, and urban ver-
sus rural residencies.

The T1D prevalence in 2015 and five-year cumulative
incidence of T1D among children and adolescents in
Thailand were 17¢6 and 17¢2 per 100,000, respectively.
Both levels were significantly higher in older children
and females than their counterparts. The prevalence
and annual incidence rate of T1D increased over time.
Among those with T1D, the five-year cumulative inci-
dence of being referred to other hospitals for T1D man-
agement was 42¢4%. Such an incidence was lowest
amongst children aged 15−19 years and peaked in chil-
dren aged 5−14 years. It significantly increased in
females. Interestingly, no difference by urban/rural
location was observed in this outcome. We found that
the annual incidence rate of DKA among individuals
with T1D had a decreasing trend over time. The five-
year cumulative incidence of DKA among children and
adolescents with T1D was 23¢0%, with a significantly
higher risk in females and older children, especially
those in 5−14 age group. The five-year mortality risk of
DKA was relatively low at 258¢2 per 100,000. Although
there was a pattern of an increasing risk of dying from
DKA in older children, we did not find any significant
differences in age, sex, or urban versus rural residen-
cies.

Our findings of T1D incidence patterns are consis-
tent with prior studies, although with difference in the
magnitude of the T1D incidence due to differences in
timing and setting.12−17 Unlike a finding from a prior
study in 2006,18 our study found a higher level of DKA
incidence rate, suggesting either an increased trend of
DKA incidence or improvement in DKA detection and
reports over the last few decades.

Compared to the earlier published studies on T1D in
children and adolescents in Thailand, we used a nation-
wide population-based database that provided individ-
ual-level longitudinal data for the entire population of
Thailand, which covers all hospital levels in all provin-
ces. The availability of such a nationwide database
improved comprehensiveness of the results and helped
reflect current national patterns and trends of the dis-
ease to inform health burden at the aggregate national
www.thelancet.com Vol 21 Month April, 2022



Region Country Parameter of primary data Primary result

Incidence rates (per 100,000) of type 1 diabetes in children and adolescents

North America Canada and USA Age-sex standardised incidence rate 20 to <30 per 100,000

Mexico Age-sex standardised incidence rate 5 to <10 per 100,000

Western Europe Belgium, France, Luxembourg Age-sex standardised incidence rate 10 to <20 per 100,000

Germany, Ireland, Netherlands, UK Age-sex standardised incidence rate 20 to <30 per 100,000

SEA Other SEA countries n/a n/a

Thailand Age-sex standardised incidence ratea 4¢3 per 100,000

Incidence rates (per 100) of diabetic ketoacidosis in children and adolescents with type 1 diabetes

North America Canada Crude incidence rateb 22¢1 per 100

USA Crude incidence rateb 38¢9 per 100

Western Europe Belgium Crude incidence rateb 25¢6 per 100

France Crude incidence rateb 43¢9 per 100

Germany Crude incidence rateb 20¢8 per 100

UK Crude incidence rateb 40¢2 per 100

SEA Other SEA countries n/a n/a

Thailand Crude incidence ratec 10¢8 per 100

Table 5: Comparisons of incidence rates of type 1 diabetes and diabetic ketoacidosis in children and adolescents by country in three
regions (North America, Western Europe, and Southeast Asia).
Incidence data of type 1 diabetes were acquired from Patterson et al.22 and incidence data of diabetic ketoacidosis were acquired from Grosse et al.28

SEA: Southeast Asia; n/a: data not available.
a The direct method of age-sex standardisation was performed using the standard population mentioned in Patterson et al. The age-sex standardised inci-

dence rate of T1D of Thailand was an average of the age-sex standardised annual incidence rates of T1D from 2015 to 2020 Year Periods (i.e., 4.5, 4.4, 4.0, 4.4,

and 4.2 per 100,000, respectively).
b The standardised rates were not able to be obtained from the primary sources.
c The crude incidence rate of DKA was estimated from an average of the crude annual incidence rates of DKA from 2015 to 2020 Year Periods (Supplemen-

tary Table 2).

Articles
level. Therefore, we further estimated the incidence
trends of T1D and DKA from 2015 to 2020 and investi-
gated the variation of all outcomes by age, sex, and geo-
graphic setting to understand key demographic and
geographic trends and patterns of T1D and DKA.

Compared with the global trend, the standardised
incidence rate of T1D among children and adolescents
in Thailand was relatively low (4¢3 per 100,000).8,22

While evidence on the incidence rate of T1D in other
Southeast Asian (SEA) countries is scant, the standar-
dised rates of T1D range from 10 to 30 per 100,000 in
Western Europe and 5 to 30 per 100,000 in North
America (20 to 30 per 100,000 in Canada and the USA,
and 5 to 10 per 100,000 in Mexico; Table 5 and
Figure 3).22 This variation in reported incidence among
different countries might be due to differences in
genetic susceptibility (e.g., frequency of certain T1D-
associated HLA alleles) or genetic−environmental inter-
actions.23 Evidence suggests the disequilibrium of the
DRB1 and DQB1 alleles in a population, which varies by
geographic and ethnicity, may explain the low incidence
of T1D in some countries, as well as Thailand.23,24 Simi-
lar to the international trends,8 we found evidence of
increasing annual incidence rate of T1D in Thailand
from 2015 to 2020.

Although the underlying mechanisms explaining
the relationship between T1D and sex are unknown, the
heightened risk of T1D amongst females might be
www.thelancet.com Vol 21 Month April, 2022
explained by the fact that its pathophysiology involves
autoimmune mechanisms.25 For the five-year cumula-
tive incidence of being referred to other hospitals for
T1D management, we found it was low (42¢4%), in light
of the fact that Thailand established a multilevel health
system to enhance proper referral systems and that T1D
is a condition required long-term care coordination
between primary and secondary care. However, given
the Thai health system context, this finding may not
reflect the capacity of referral system nor the health sys-
tem performance in managing T1D in Thailand since
Thai health system does not have a formal gatekeeper.26

Indeed, it is common that patients bypass primary care
units and directly visit general or regional hospitals
with which they are registered due to their trusts in sec-
ondary or tertiary hospitals.27 The T1D referral five-year
cumulative incidence was higher in children aged 5
−14 years, possibly due to their high incidence of DKA.
In addition, we found there was no significant variation
by urban versus rural residencies on T1D referral cumu-
lative incidence in five years, suggesting benefits of
UHC.

The DKA incidence rate in Thailand was lower than
the levels observed in other countries (Table 5 and
Figure 4),28 although its sociodemographic variations
are consistent with prior studies in other countries.29

While the DKA incidence trends vary across countries,
similar to studies conducted in Australia, India, Kuwait,
9



Figure 3. Map of age-sex standardised incidence rates (per 100,000) of type 1 diabetes in children and adolescents aged less than
20 years in three regions (North America, Western Europe, and Southeast Asia).

� Incidence data of type 1 diabetes of other countries, apart from Thailand, were acquired from Patterson et al.22 Data in other
Southeast Asian countries were scant. The direct method of age-sex standardization was performed using the standard population
mentioned in Patterson et al.22

Figure 4. Map of crude incidence rates (per 100) of diabetic ketoacidosis in children and adolescents with type 1 diabetes aged less
than 20 years in three regions (North America, Western Europe, and Southeast Asia).

� Incidence data of diabetic ketoacidosis of other countries, apart from Thailand, were acquired from Grosse et al.28 Data in other
Southeast Asian countries were scant. The standardised rates were not able to be obtained from the primary sources.28
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and Northern Finland,30−33 the annual incidence rate of
DKA among children and adolescents in Thailand had a
declining trend over time.

The finding of the high DKA incidence among indi-
viduals aged 5 to 14 years can be attributable to many
factors. Some possible explanations include delayed
treatment and poor compliance to medical treatment
and self-care among children and adolescents in these
age groups. However, it is worth noting that we found
no association between geographic setting and the
heightened risk of DKA. One possible explanation is the
equal access to health care due to Thailand’s UHC.27

The mortality risk of DKA in Thailand is relatively low
when compared with other countries, potentially reflect-
ing well-performing DKA management of Thai health
system. Studies found that the five-year mortality risks
of DKA range from 995 to 11,750 per 100,000 in other
low- and middle-income countries and 1980 per
100,000 in the USA.34,35

Our findings suggest that policy makers should give
careful consideration to (i) allocating affordable or free
T1D care interventions, such as self-management sup-
port, community involvement, and decision support sys-
tems, to target children aged 5 to 14 years as they have a
high risk of DKA and are more vulnerable to poor com-
pliance with medical and self-care as compared to other
age groups, (ii) promoting early detection of diabetic
symptoms among healthcare providers and parents to
prevent delayed T1D diagnosis and prolonged illness
duration, which could trigger life-threatening DKA, and
(iii) improving vertical referral systems of Thailand to
be well-organised to expand early detection of T1D and
access to long-term T1D care, where primary care units
in each district have clear responsibilities of providing
basic consultations of T1D to community members,
self-management supports, and coordinating transi-
tional and long-term care for T1D individuals. We fur-
ther highlight the need for future research to (i)
investigate relationships between multiple sociodemo-
graphic factors and T1D outcomes in Thailand using
multivariate analysis to understand factors associated
with T1D burden and (ii) investigate why incidence of
T1D referral in Thailand is lower in adolescents aged 15
−19 years than those in other age groups and its impact
on patient outcomes. In the global aspect, our finding
emphasized the rising incidence of T1D amongst chil-
dren and adolescents globally, even in countries with
low T1D incidence, such as Thailand. Our study also
informs important implications of UHC’s benefits as a
way to enhanced T1D management in terms of improv-
ing access to care, especially in low- and middle-income
countries.

We acknowledge limitations of this study that relate
to the use of this large national database. Firstly, as diag-
nostic coding is assigned by physicians and then verified
and coded by hospitals, insulin-dependent diabetes mel-
litus and DKA episodes may have been unintentionally
www.thelancet.com Vol 21 Month April, 2022
included, missed, or incorrectly coded. However, there
is a two-step coding validation system performed by hos-
pital administrative personnel at a hospital level, and
subsequently by the health data center of the Ministry
of Public Health at a provincial level, minimizing the
risk of incorrect or missing data. Secondly, we were not
able to obtain information regarding the socioeconomic
status of the parents of children with T1D (e.g., income
or education level and occupational status) due to the
incompleteness of data on these variables. Instead, we
used urban versus rural residencies as a proxy for socio-
economic status of children and adolescents in this
study. Also, querying massive data from the database
caused the limitation in obtaining specific information
of individual-level data to allow multivariate analyses.
Thirdly, the strictness of criteria for T1D diagnosis may
slightly vary across practices. Lastly, it should be noted
that the database solely captures health information
reported by public health facilities in Thailand, which
account for approximately 70% of all health facilities
that provide most of the care.19 However, as Thailand
has UHC that allows all Thais to receive services at pub-
lic health facilities free of charge,36 we believe that our
database has captured most, if not all, children and ado-
lescents in Thailand.

This study also has several strengths. Firstly, our
study used a nationwide population-based database that
captured the entire population of children and adoles-
cents seen at all hospital levels and in all provinces of
Thailand, ensuring comprehensiveness, generalization,
and validity of the results. Secondly, for each incidence
outcome, we used a unified population throughout the
study span of five-year follow-up time to avoid nonre-
sponse bias. Thirdly, we were able to differentiate paedi-
atric type 1 and type 2 diabetes using diagnostic coding
recorded in the database. Although we were not able to
distinguish children or adolescents with monogenic dia-
betes treated with insulin from T1D individuals, those
patients are rare and therefore should not significantly
impact our findings.37,38

In conclusion, the T1D prevalence and incidence in
Thailand were relatively low as compared to the levels
observed globally, possibly due to differences in genetic
susceptibility, and the trends show an increase over
time. We found that older children and females had
higher level of T1D. Females and children aged 5 to
14 years were more likely to be referred to other hospi-
tals for T1D management. Among children and adoles-
cents with T1D, the incidence of DKA was relatively
low, and it was higher in females and older children
with a peak amongst children aged 5 to 14 years. Its
trend over time declined. The mortality risk of DKA was
low, and there were no significant variations observed
by age, sex, and urban versus rural residencies. The evi-
dence of low DKA incidence and mortality risk of DKA
suggests benefits of Thailand’s UHC that improve
access to care both in aspects of affordability and
11
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timeliness. Health service systems research is needed to
explore why incidence of T1D referral is relatively low in
adolescents aged 15−19 years, who have a higher inci-
dence of T1D, when compared with children in other
age groups.
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