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What is already known
on this topic?

The incidence and prevalence
of type 1 diabetes mellitus are
increasing among  children
globally.

Type 1 diabetes mellitus in chil-
dren peaks in the 5-9 and 10-14
age groups.

Type 1 diabetes mellitus usually
peaks in autumn and winter.

What this study adds on
this topic?

In our study, the incidence
of type 1 diabetes mellitus is
13.1/100 000 on average in the
period 2007-2019.

During this 13-year period, a
significant upward trend in the
incidence of type 1 diabetes
mellitus was observed.

The annual percent change
was 8.3%.
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ABSTRACT

Objective: The aim was to analyze the incidence trend and annual average incidence change
of type 1 diabetes (TIDM) in the population <18 years of age in Malatya province.

Materials and Methods: Medical files of patients followed up with TIDM in pediatric endocri-
nology clinics were reviewed. The data for the child census was taken from the Turkish Statistical
Institute (TUIK), and TIDM incidence was analyzed according to the calendar year, gender, and
age groups. Recently diagnosed TIDM patients per 100 000 children per year were calculated.
In addition, the trend in annual incidence change over the period 2007-2019 was analyzed.

Results: The mean incidence of TIDM during the 13 years was 13.1/10° child years (13.8/10° child
years for girls and 12.4/10° child years for boys). During the 13-year follow-up period, a sig-
nificant increasing trend in the incidence of TIDM was detected. The average annual percent
change (AAPC) was 8.3%. According fo age groups, the average AAPC was 8.1% between 0
and 4 years old, 9.4% between 5 and 9 years old, 12.1% between 10 and 14 years old, and 30.1%
between 15 and 17 years old.

Conclusion: The incidence of TIDM in children under 18 years of age in Malatya, one of the larg-
est cities in the Eastern Anatolia region of Turkey, was determined as 13.1/10° child years in the
last 13 years and the average annual increase rate was 8.3%.
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INTRODUCTION

Type 1 diabetes mellitus (TIDM) is an important chronic, systemic, and metabolic disease
affecting children and adolescents. The incidence of TIDM shows an increasing trend
among children worldwide. In addition, the reported rates of TIDM incidence vary greatly
between different populations. These variations are explained by differences in ethnicity,
geographical zone, and industrial improvement levels."” The incidence of TIDM is higher
in children, but the onset of TIDM can occur at any age.® The global epidemiology of child-
hood-onset TIDM is well defined, with estimates updated biannually in the International
Diabetes Federation (IDF) Diabetes Atlas.® In a systematic review, the authors reported the
epidemiology of the incidence of T1D in young adults (>15 years) compared with childhood-
onset T1D (<15 years).”

Multinational studies such as DIAMOND, EURODIAB, and SERACH study are available to
determine the incidence and prevalence of TIDM. According to the first multinational report
published in the 2000s (involving 50 countries), the incidence of TIDM in children <14 years
of age was 26/10° child years. The global incidence of TIDM in children <15 years of age is
quite variable, and it is very high in Finland and relatively low in China.™"
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Turkey is located between Europe and Asia. Reports on child-
hood T1IDM incidence and incidence trends in Turkey are insuf-
ficient and vary between 7.2/10° and 16.7/10° child years.'* All
but one of these studies were limited to short evaluation peri-
ods, and 3 of the 4 reports were regional reports. These limi-
tations make it difficult to estimate the trend of TID incidence
in this part of the world. In addition, it has been reported that
the incidence of T1D varies approximately 2-fold across the
country and Malatya is among the provinces with the high-
est incidence rate in Turkey. The reasons for these differences
and increases have not been clearly determined yet. Therefore,
based on population data in the 13 years from 2007 o 2019, this
study focused on determining the annual incidence of TIDM,
the incidence trend, and the mean annual percentage change
in incidence in children <18 years of age in the city of Malatya,
located in the eastern region of Turkey.

MATERIALS AND METHODS

Study Setting and Participants

This study included children <18 years of age who were
newly diagnosed with TIDM between January 1, 2007, and
December 31, 2019. There are 2 pediatric endocrinology cen-
ters in Malatya, and this study was conducted jointly by these
2 centers. Pediatric patients diagnosed with diabetes are sent
to these pediatric endocrinology departments and regularly
recorded in their health records. Children under the age of 18
in Turkey are included in the scope of general health insurance.
Hence, diagnosis, treatment, and rehabilitation services are
provided free of charge for all children. All newly diagnosed
children with TIDM residing in Malatya, except refugees, were
included in the study. Children with diabetes are followed up in
the pediatric endocrinology centers at least once a year. Cases
temporarily residing in Malatya at the time of diagnosis of TIDM
were excluded from the study, while cases diagnosed outside
Malatya with a permanent residence address in Malatya were
included. The population data was taken from the popula-
tion registration system based on the address reported by the
Turkish Statistical Institute (TUIK).'

Data Collection and Definitions

The study was conducted as a retrospective file review.
Exclusion criteria were cases with syndromic diabetes,
maturity-onset diabetes of the young (MODY diabetes), type
2 diabetes, neonatal diabetes, and transient hyperglyce-
mia secondary to diseases such as pancreatitis, steroid use,
Cushing's syndrome, chemotherapy-induced hyperglycemia,
and lipodystrophy. The diagnosis of TIDM for children is based
on the ISPAD Clinical Practice Consensus Guideline.” Children
with diabetes were categorized intfo 4 groups according to
age: <5, 5-9, 10-14, and 15-17 years old. Furthermore, the
study time was classified into 3 periods: 2007-2010, 2011-2014,
and 2015-2019. In the TIDM diagnosis, birth dates were used
to determine any seasonal differences. In addition, the trend
in incidence change over the 13-year observation period was
examined.

Ethics Committee Approval

Ethical approval for the study was given by the Ethics Committee
of Malatya Training and Research Hospital (approval number:
23536505-604.02).
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Statistical Analysis

Incidence rates in the study were calculated as the number
of cases per 100 000 person-years with a 95% Cl estimated
using the normalized approach. To assess the effect of time
(years) on the incidence of TIDM, a Poisson regression model
with age and gender groups as factors were used. P < .05 was
considered statistically significant. Statistical analyses were
performed with the Statistical Package for Social Sciences for
Windows, version 17.0 (SPSS Inc. Chicago, lll, USA). Trend anal-
yses for incidence rates were calculated using Joinpoint Trend
Analysis Software, version 4.9.0.0 (March 2021). Cls for trend
analysis and average annual percent change (AAPC) were
estimated for the entire 13-year follow-up from 2007 to 2019.

RESULTS

Demographic Characteristics

A total of 395 children aged <18 years were diagnosed with
T1DM during the 13-year study period. Of the cases, 203 (51.4%)
were female, and 192 (48.6%) were male, with a male/female
ratio of 0.95:1. The mean + SD age at diagnosis was 8.8 + 4.4
years, although the age range, as expected, was very broad
(0.6-17.9 years). The age at diagnosis was similar (P = .567) in
girls (8.7 + 4.3 years) and boys (9.0 + 4.3 years). Of the cases,
35.9% were in the 5-9 years age group, 33.2% in the 10-14 age
group, 23% in the 0-4 age group, and 7.8% in the 15-17 age
group. When evaluated according fo the seasons of admission,
116 (29.4%) children with diabetes were diagnosed in autumn,
112 (28.4%) in winter, 87 (22.0%) in summer, and 80 (20.3%) in
spring. Of the children with diabetes, 107 (27.1%) were born in
summer, 104 (26.3%) in autumn, 96 (24.3%) in winter, and 88
(22.3%) in spring.

Incidence Rates

Census data for Malatya covering 2007-2019 were obtained
from the Turkish Statistical Institute population registration
system." Based on these data, the 13-year mean incidence of
TIDM was 13.1/10° (95% ClI: 11.8-14.4) child years. In 2018, the
annual incidence was the highest, while in 2009, it was the
lowest. The TIDM incidence trend of boys and girls by years is
shown in Figure 1, while the change in the incidence trend by
age group over the years is given in Figure 2.

When the study period was divided into 3, the mean annual inci-
dence of TIDM was 7.3/10° (95% ClI: 5.6-9.1) child years between
2007 and 2010, 13.2/10° (95% ClI: 10.8-15.5) child years between
2011 and 2014, and 17.9/10° (95% Cl: 15.3-20.3) child years
between 2015 and 2019. The annual incidence of TIDM between
the ages of 0-14 years was calculated as 14.6/10° (95% Cl: 12.1-
17.2) child years. This rate was 15.8/10° (95% Cl: 13.1-18.4) child
years in girls and 13.6/105 (95% Cl: 11.6-15.3) child years in boys.
When our study cohort was evaluated according to age groups,
higher incidence rates were observed in the 5-9 age group
(Table 1). When evaluated according to sex, the mean incidence
was 13.8/10° (95% Cl: 11.9-15.7) child years in girls, slightly higher
than the incidence found for boys which was 12.4/10° (95% Cl:
10.6-14.2), although this was not significant (P = .30) (Table 1).

Incidence trends

Using Joinpoint analysis, a significant increasing trend in the
incidence of TIDM was detected over a total observation
period of 13 years. The AAPC was 8.3% (Table 2 and Figure 3).
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Figure 1. Change in type 1 diabetes incidence proportions by sex between 2007 and 2019.
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Figure 2. Change in type 1 diabetes incidence proportions by age groups between 2007 and 2019.

As seen in Table 2, subgroup analysis showed a significant
increasing frend in girls after 2009. Additionally, a significant
increasing trend was observed in boys without Joinpoint; the
AAPC was 7.61% (95% Cl: 3.3-12.2). The graphs by sex can be
seen in Figure 4. Comparison of the 4 age groups indicated
that the increase in TIDM diagnosis trend was significant for
each group (Table 2). The AAPC was 30.1%, 12.1%, 9.41%, and

8.1% for the age groups 15-17 years, 10-14 years, 5-9 years, and
0-4 years, respectively.

DISCUSSION

There are few reports on the incidence trend of 1IDM in Turkish
children.” The TIDM incidence trend in Turkish children is one

Table 1. Incidence Rates and Adjusted Incidence Rate Ratios of Type 1 Diabetes Among Children Aged <18 Years Per 100 000 Person-

Year by Sex and Age Groups between June 1, 2007 and December 31, 2019

Cases Population® IR per 10°(95% CI) IR rate (95% CI) P
Sex
Girls 203 14 66 542 13.8 (11.94-15.75) Ref
Boys 192 15 42 588 12.4 (10.69-14.21) 0.90 (0.70-1.10) .30
Age Group
0-4 years 91 787 038 11.6 (9.19-13.94) Ref
5-9 years 142 827 093 17.2 (14.34-20.0) 1.49 (1.13-1.95) .003
10-14 years 131 865 949 15.1(12.54-17.72) 1.31(0.99-1.73) .048
15-17 years 31 529 050 5.8 (3.8-7.9) 0.51(0.33-0.77) <.0001
Study Period Chronological Subgroups
2007-2010 70 948 615 7.3 (5.65-9.11) Ref
2011-2014 123 929 380 13.2 (10.89-15.57) 1.79 (1.33-2.44) <.0001
2015-2019 202 1131135 17.9 (15.39-20.32) 2.42 (1.83-3.22) <.0001
Total 395 3009130 13.1(11.83-14.42) 1.80 (1.38-2.33) <.0001

Cl, confidence interval; IR, incidence rate; ref, reference category.

°Thirteen-year aggregated annual population.
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and Age Groups between June 1, 2007 and December 31, 2019

Table 2. Results of the Trend Analysis Incidence of Type 1 Diabetes Among Children Aged <18 Years with Joinpoint Regression by Sex

Average Trend 1 Trend 2
Annual Rate Years APC P Years APC P AAPC Cl P

Gender Girls 13.89 2007-2009 | -18.3 481 2009-2019 17.4* <.001 10.5** 0.4 o 21.6 .032
Boys 12.48 2007-2019 | 7.61* .002 7.61%* 3.3t012.2 | .002

Age 0-4 years 1.5 2007-2019 | 8.10* .089 8.1%* -1.4t018.5| .039
5-9 years 171 2007-2019 9.41* <.001 9.471** 4.61t014.5 | <.001

10-14 years 15.1 2007-2019 12.1* .015 12.1%* 2.7to022.4 .015

15-17 years 5.8 2007-2019 30.1* .023 30.1** 4.4 10 62.1 .023

Total 0-17 years 13.1 2007-2009 -11.6 .647 2009-2019 12.8* <.001 8.3** -1.110 18.6 .045

AAPC, average annual percent change; APC, annual percent change.

* APC is significantly different from zero at the alpha = 0.05 level. **AAPC is significantly different from zero at the alpha = 0.05 level.

All: 1 Joinpoint

= Observed
2007.0-2009.0 APC =-11.58
2009.0-2019.0 APC = 12.78"

25,2190246571403

20,2190246571403

15,2190246571403|

0-17 years

10,2190246571403|

5,21902465714029

0,219024657140.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Years

* Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0,05 level.
Final Selected Model: 2 Joinpoints.

Figure 3. Joinpoint regression analysis of type 1 diabetes incidence
between 2007 and 2019 in children <18 years. APC, annual percent
change.

of the most important results of our community-based study.
The mean annual TIDM incidence, incidence trends, and AAPC
were calculated over a period of 13 years (2007-2019) in children
under 18 years in Malatya, one of the largest cities in Eastern
Anatolia. This study, while no significant change was found
in the incidence trend in girls between 2007 and 2009, a sig-
nificant increase was found between 2009 and 2019. Similarly,
while no significant change was found in the incidence trend in
all cases between 2007 and 2009, a significant increase was
found between 2009 and 2019. A significant increasing trend of
T1D was detected in the total 13-year observation period; the
average annual percent change was 8.3%.

Reports have shown high incidence rates of TIDM in chil-
dren in Scandinavian countries such as Sweden, Finland, and
Scotland.?'®-2° Various studies have shown an increased inci-
dence of TIDM.”?-2 According to the EURODIAB study pub-
lished in 2012, the incidence of TIDM was 36.6/10° in Sweden,
33.9/10° in England (Northern lIreland), 17.5/10° in Austria,
19.3/10° in the Czech Republic, 25.1/10° in Denmark, 23.7/10°

542
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Figure 4. Joinpoint regression analysis of type 1 diabetes incidence by sex
between 2007 and 2019. APC, annual percent change.

in Germany (North Rhine-Westphalia), 32.8/10° in Norway,
13.1/10% in Switzerland, and 12.1/10° in Spain.*

Demirbilek et al? found the incidence of TIDM in children to
be 7.2/10° person-years in a single-center study in Diyarbakir,
located in Southeastern Anatolia. In a nationwide study on the
incidence of TIDM in Turkish children and adolescents, regional
differences in incidence rates were reported in Turkey, which
is divided into 5 geographical regions. In this nationwide sur-
vey, data of people with diabetes were taken from the national
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Table 3. Average Annual Percent Change Rates of Children with
TIDM in Turkey and Other Countries®6132°
AAPC
Rate of
Increase
Country/City Year (%) 95% ClI
Turkey, Malatya* 2007-2019 8.3 -1.11018.6%
Turkey, Elazig 2009-2019 7.8 2.7 t0 13.1%
Finland, whole nation 1989-2013 2.7 2.4 10 3.0%
Czechia, whole nation 1989-2013 4.7 4.3t05.0%
Norway, whole nation 1989-2013 2.1 1.7 to 2.4%
Switzerland, whole nation | 1989-2013 3.2 2.6 10 3.7%
UK, Oxford 1989-2013 1.2 0.7to 1.7%
Italy, Marche 1989-2013 0.8 -0.3102.0%
Spain, Catalonia 1989-2013 0.5 0.0 to 0.9%
Canada, British Columbia | 2002-2013 1.3 0.0 to 2.5%
United States** 2001-2009 1.8 1.0 to 2.6%
AAPC, average annual percent change; TIDM, type 1 diabetes mellitus.
*Qur study.
**Colorado, Ohio, South Carolina, and Washington.

health insurance registry for calculating the incidence, which
was 10.8/105." Recently, in 2018, a TIDM incidence study was
conducted in a region including istanbul, which has a high rate
of urbanization and industrialization. The data of children with
TIDM attending pediatric endocrinology units in this region
were prospectively collected from hospital records; the inci-
dence of TIDM was 8.99/10°%."

Some studies in populations with a high incidence of TIDM
have reported a slowing of the increase in the incidence rate
over the last decade, while overall, the global increase con-
tinues.®?*?* Research in Canada by Fox et al® showed a slightly
increased incidence of TIDM in the 11 years between 2002
and 2013. Reports**%-% have found that the increase in the
incidence rate of TIDM differs significantly across regions in
Europe, with the highest increase in incidence rates reported
in Central Eastern European countries. In contrast, much lower
increases were reported in the Scandinavian countries and the
Czech Republic. Between 1989 and 2013, the EURODIAB study®
found a 3.4% annual increase in the incidence of TIDM in chil-
dren <15 years of age. In the most recent study™ conducted in
Turkey, the incidence rate of TIDM was found to be 16.7/105,
with an average annual increase of 7.8%.

In our study, while the mean annual incidence of TIDM was
13.1/10° over 13 years, it was 7.3/10° between 2007 and 2010,
13.2/10° between 2011 and 2014, and 17.8/10° between 2015 and
2019. The 2015-2019 incidence was 2.4 times higher than that of
the 2007-2010 period. This study reports a significant increase
in the incidence of TIDM at an average rate of 8.3% per year
(95% ClI: -1.1to 18.6) over the 13-year observation period. In our
country, the annual incidence rates were found to be higher in
the study by Esen and Okdemir®® (the only study in our coun-
try) and in our study compared to the European and American
studies.®*'5?2 Qur study is presented in Table 3 in compari-
son with these studies. These increases were found in all age
groups and in both genders. While a statistically insignificant
decrease was detected in female cases between 2007 and
2009, an annual average increase of 10.5% (95% Cl: 0.4-21.6)

was observed between 2009 and 2019. No reason could be
suggested to explain the decrease in the earlier period.

These results suggested that the incidence of TIDM is increas-
ing in this region of Turkey. Our study shows that the incidence
of TIDM in Malatya is similar to countries such as Switzerland
and Spain. Based on the limited number of studies, Turkey
appears to be in the group of countries where the incidence
rate of TIDM among children is moderate. However, the aver-
age annual rate of increase was higher than in other European
countries. While 70.5% of the population in Turkey was in the
provincial and district centers in 2007, this proportion increased
to 92.8% in 2019.% Urbanization can be considered a signifi-
cant risk factor for TIDM.'®?728 Factors such as viral infections,
unhealthy eating habits, insufficient physical activity, and little
use of sunlight, which are more common in densely populated
urban communities, may contribute to the development of
TIDM in children. Although environmental factors such as high
socioeconomic status and increasing urbanization have been
suggested to play a role in the increase in TIDM incidence rate,
there has been no significant change in socioeconomic, demo-
graphic, or public health in Malatya during the 13-year period.
Since refugee children were not included in the study and there
was no internal migration, genetic factors cannot explain this
increase.

The increased incidence of TIDM in children from nations with
unchanged genetic makeup is evidence of an important influ-
ence of environmental factors as well as genetic factors in the
etiology of TIDM. The incidence of TIDM tends to increase in
children who migrate from low-frequency countries to high-
frequency countries, are born in a new country, or migrate at
a young age (younger than 10 years), providing evidence for
the influence of environmental factors.??%3° |n genetically vul-
nerable people, some environmental factors can trigger the
immune system and lead to damage to the beta cells in the
pancreas that produce insulin.?”*32 However, in our study, spe-
cific environmental triggers that are postulated to cause the
development of TIDM, such as various infections, exposure to
microorganisms, gut microbiota profiles, use of probiotics, early
cow's milk initiation, exposure to some chemicals, and fluctuat-
ing micronutrient intake were not assessed or identified.

Even though the mean annual incidence rates in girls and boys
in our cohort were similar, female predominance was observed
in the 0-4, 5-9, and 10-14 age groups, while the 15-17 age group
was dominated by boys. Male dominance at this age may be
due to boys starting puberty later than girls. In general, there
is a slight male dominance in high-frequency countries and
female dominance in low-frequency countries.?"3-3%

In previous reports, different peak ages were found in the inci-
dence of TIDM.24% |t is known that the incidence of TIDM usu-
ally peaks in the peripubertal period (10-14 age group). In our
cohort, the highest incidence was in the 5-9 age group, and
the second highest incidence was found in the 10-14 age group
in both genders. The lowest incidence was in the 15-17 group
which also exhibited the highest average annual increase rate,
while the lowest rate of increase was in the 0-4 age group.
The World Health Organization examined standardized inci-
dence information on TIDM in the 1990-1999 DIAMOND study.?
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This study showed that children aged 5-9 years were at higher
risk of developing TIDM than children aged 0-4. Some coun-
tries have reported?3**3¢ the highest incidence in the 5-9 age
group, while in other countries, this was found in children aged
10-14. In our study, the incidence of TIDM was higher, espe-
cially in the winter and autumn seasons. Similar to our results,
some countries show higher incidence rates during winter.?3¢
Furthermore, the development of pancreatic islet autoimmu-
nity varies seasonally, although a possible association between
the season of birth and risk of TIDM has also been reported.
Winter birth appears to be protective against TIDM, suggesting
that very early environmental factors are important in TIDM."*
Some studies*®# have reported that children born in summer
and spring have a higher potential o develop TIDM than those
born in other seasons. It has been suggested that seasonally
variable environmental factors, such as viral infections and
the amount of ultraviolet light available, affect the develop-
ment of TIDM by affecting immunity and metabolism.*? In our
study, children born in the winter and spring seasons had lower
T1IDM incidence rates. Our data support that the season of birth
may have an impact on the development of T1D in children <18
years.

The most important limitation of the study is its local design,
and the results cannot, therefore, reflect the entire region.
Since the incidence of TIDM varies from country to country
and from region fo region within a country, our results provide
limited information for Turkey. Different ethnic characteristics
and heterogeneous socioeconomic status can partially explain
these differences.

CONCLUSION

Incidence of TIDM in children under 18 years of age in Malatya,
a largest city in eastern Turkey, was found to be 13.1/10° chil-
dren/years in the period 2007-2019, and the average annual
increase in incidence rate was 8.3%. Considering this increase
in the incidence of TIDM,, it is crucial to monitor the incidence
trends, ideally on a national scale, and identify possible trigger
factors in order to develop preventive strategies for individual
regions and the country as a whole.
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