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A b s t r a c t

Introduction: The aim of the present study was to assess changes in the 
incidence and prevalence of type 1 diabetes (T1DM) and type 2 diabetes 
(T2DM) in children and adolescents in Hungary during the period 2001 to 
2016 in order to provide nationwide population-based epidemiology data on 
diabetes in youths aged 0–18 years.
Material and methods: This was a retrospective cohort study of Hungarian 
children and adolescents aged 18 years or younger. Pharmacologically treat-
ed diabetes cases were obtained through a population-based registry of the 
Hungarian National Health Insurance Fund. Time series analysis was used to 
evaluate the changing patterns of the incidence and prevalence for type 1  
and type 2 diabetes covering a 16-year period.
Results: During the study period, 6,138 and 1,997 new T1DM and T2DM 
cases were observed, respectively. Newly diagnosed T2DM cases accounted 
for 24.5% of all incident diabetes cases. Incidence of T1DM increased from 
16/100,000 to 23/100,000 (R2 = 0.7681; p < 0.0001). The male-to-female 
ratio among newly diagnosed T1DM patients did not change over the study 
period. Prevalence of T1DM rose from 114/100,000 to 209/100,000 (R2 = 
0.9909; p < 0.0001). The prevalent T1DM cases showed significant male 
predominance in every year (p < 0.05). Incidence of T2DM decreased from 
8/100,000 to 5/100,000 (R2 = 0.4977; p < 0.0014). The overall prevalence of 
T2DM did not change significantly. Prevalent T2DM cases showed significant 
female predominance in every year (p < 0.0001). A significant decrease in 
male-to female ratio was observed among newly diagnosed T2DM cases 
over the study period (p < 0.0001). 
Conclusions: According to these population-based Hungarian data of chil-
dren and adolescents with diabetes, T1DM is still the most common form 
and its frequency continues to rise, affecting more males than females. 
A  high proportion of patients have T2DM, affecting more females than 
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males, but the occurrence of medically treated cases is not increasing. The 
decrease in male-to-female ratio in newly diagnosed T2DM cases needs fur-
ther investigations.

Key words: type 1 diabetes, type 2 diabetes, incidence, prevalence, 
children, adolescents.

Introduction

Diabetes, mainly type 2, in adult populations 
represents a public health and economic burden 
all over the world and its frequency is increasing 
in almost every country [1, 2]. Diabetes is one of 
the most common chronic conditions of childhood 
and disease management and risks of acute and 
chronic complications pose significant challeng-
es to the health care system [3, 4]. Incidence and 
prevalence data of diabetes in children and ado-
lescents also have shown an increase during the 
past decades, although tendencies for type 1 and 
type 2 diabetes are different.

The vast majority of cases of diabetes in child-
hood are type 1 diabetes (T1DM), accounting for 
over 90% of all diabetes cases, and its incidence 
varies greatly between different countries, within 
countries, and between different ethnic popula-
tions [5]. Worldwide, the incidence of T1DM di-
abetes is increasing by approximately 3–5% per 
annum [6–10]. However, the rates of increase and 
temporal trends are variable, and recently, a slow-
ing rise in incidence has been reported in some 
countries [11–13]. 

Increasing incidence and prevalence of type 2 
diabetes (T2DM) have been observed since the 
early 1990s, particularly in the US, accounting for 
a  significant proportion of youth onset diabetes 
in certain at-risk populations [14–17]. European 
countries and Australia reported lower incidence 
than the US [18–21], but an increase has been ob-
served in the UK [22–24].

Several population-based epidemiological data 
are available regarding T1DM, but more limited 
observations have been reported about T2DM 
in children and adolescents. Most of the studies 
documented incidence for T1DM [6–13] and prev-
alence for T2DM [14, 17–20]; some of them report 
both incidence and prevalence for T1DM [23] or 
T2DM [24]. However, a parallel report of incidence 
and prevalence data for both T1DM and T2DM in 
youths within the same population is lacking.

Representative epidemiology data are import-
ant from a  health policy point of view as it will 
enable the monitoring of disease burden, which 
is directly related to the planning of health care 
resources [25, 26]. Having nationwide popula-
tion-based reliable and exact data on the occur-
rence of diabetes in youths may support clinicians 
and policy makers to predict health and economic 

impacts of this condition and its long-term com-
plications. 

The purpose of the present study was to as-
sess the incidence and prevalence of both T1DM 
and T2DM in children and adolescents in Hungary 
during the period 2001 to 2016 in order to provide 
nationwide population-based accurate figures for 
diabetes in youths aged 0–18 years.

Material and methods

This was a  retrospective cohort study covering 
a 16-year period from 2001 to 2016. The study forms 
part of the Hungarian Diabetes Association’s initia-
tive to analyze diabetes patients’ data extracted 
from the Hungarian National Health Insurance Fund 
(HNHIF). This database contains patient records of 
the whole population of the country. Information 
held in the database includes patient demograph-
ics, medical diagnosis coded as the International 
Classification of Diseases (ICD) and prescriptions 
details coded according to the Anatomical Thera-
peutic Chemical (ATC) classification. The database 
of the Hungarian National Health Insurance Fund 
does not record laboratory results such as glycat-
ed hemoglobin (HbA1c) or cholesterol level or any 
anthropometric parameters of diabetes patients 
such as body mass index (BMI) or body weight, and 
therefore these data were not available for analysis.

Patients were included in our study if they had 
at least 2 prescriptions of antidiabetic treatment 
(ATC A10) between 1 January, 2001 and 31 De-
cember, 2016 or one prescription of antidiabetic 
treatment together with at least one occurrence 
of diabetes related ICD code (E10-E14). We ex-
cluded those patients who had a  diagnosis of 
polycystic ovary syndrome (ICD 10 E282), gesta-
tional diabetes (10 O24) or if they exceeded age 
18 in the given year. If a patient had only insulin 
therapies or had a maximum of 3 oral antidiabetic 
prescriptions in the first half year together with 
insulin treatment, we counted the patient in the 
T1DM population [27]. Those patients who were 
included but not matching T1DM were considered 
as patients with T2DM. Date of diabetes diagnosis 
was defined as the first occurrences of the diabe-
tes ICD code (E10-E14) in the database for a pa-
tient or the first antidiabetic treatment, whichever 
occurred earlier. With these aspects, we could clar-
ify the incidence and prevalence of 0–18-year-old 
diabetic population. Incidence of diabetes was de-
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fined for patients who did not match the inclusion 
criteria in prior years including the screening peri-
od. If patients were alive on the 1st of January and 
matched all inclusion criteria, we counted them 
in the prevalent population of the given year re-
gardless of whether they were diagnosed later in 
the same year or identified with diabetes in prior 
years. We had a limitation of the HNHIF database 
as only aggregated data for the 0–18-year-old co-
hort was available. Therefore, we were not able to 
obtain age-standardized data in more details.

Children and adolescents aged 18 years or 
younger on the 1st of January were selected for ev-
ery single year in the study period. Incidences and 
prevalences were calculated as the number of cas-
es per 100,000 per calendar year. If a patient’s age 
exceeded 18 years, regardless of being included in 
prevalence and incidence calculations in prior years, 
the case was extracted from the analysis. The R 
Project for Statistical Computing, R version 3.4.2 
was used for statistical analysis (R Core Team 2017, 
Vienna, Austria, URL https://www.R-project.org/) to 
assess regression, mean annual change in incidence 
and prevalence with 95% confidence intervals. The 
math algorithm needed for the research was pre-
pared by the RxTarget Statistical Programming and 
Analysis Company based on the preliminary re-
search plan, using sql and plsql program language, 
which was sent to HNHIF by e-mail. The algorithm 
was run by the HNHIF specialists using ID code 
based data of the patients who had been dissected. 
The Fund Manager has issued the completed data 
tables on a  separate license (HNHIF license num-
ber: S04/161/2016), anonymously, free of charge, 
in aggregate form, with all unique identifiers, with 
the utmost consideration of data protection rules. 
Change in male-to-female ratio was calculated with 
binominal regression analysis. 

Results

Nationwide reference population

The reference population included Hungarian 
youths aged 0–18 years between 2001 and 2016, 
inclusive. A gradual and constant decrease in the 
total population of youth could be observed af-
fecting both genders similarly (male/female ratio: 
1.05). During the period investigated, the refer-
ence population decreased significantly by 18.0% 
(R2 = 0.9929; p < 0.0001) from 2,217,202 in 2001 
to 1,818,413 in 2016 and the mean annual rate of 
the change was approximately –1.2%/year (95% CI:  
–1.3 – –1.1). 

Type 1 diabetes

Incident and prevalent cases of T1DM are 
shown in Table I, and incidence and prevalence 
rates are depicted in Figures 1 and 2, respectively. 

Altogether, 6,138 new T1DM cases (3,407 
males and 2,731 females) were observed between 
2001 and 2016, inclusive (male/female ratio: 
1.25). No significant change in the male-to-female 
ratio of incident cases was noted over the study 
period. Incidence of T1DM increased significant-
ly and almost continuously from 16/100,000 at 
the beginning, reaching the highest annual rate 
of 23/100,000 by the end of the 16-year period 
investigated (R2 = 0.7681; p < 0.0001). The mean 
annual rate of the increase in the incidence of 
T1DM was 2.5%/year (95% CI: 1.8–3.2) during the 
study period. 

Prevalence of T1DM rose constantly from 
114/100,000 to 209/100,000 during the study 
period (R2 = 0.9909; p < 0.0001). The mean annu-
al rate of the increase in the prevalence of T1DM 
was 5.8%/year (95% CI: 5.5–6.1) during the as-
sessments. Prevalent cases showed significant 
male predominance in every year (p < 0.05). 

Type 2 diabetes

Incident and prevalent cases of T2DM are 
shown in Table I, and incidence and prevalence 
rates are depicted in Figures 3 and 4, respectively. 

Altogether, 1,997 new T2DM cases (516 
males and 1.481 females) were observed be-
tween 2001 and 2016, inclusive (female/male 
ratio: 2.86), accounting for 24.5% of all incident 
diabetes cases. Male-to-female ratio of incident 
cases decreased significantly over the study pe-
riod (p < 0.0001). New T2DM cases accounted 
for 34.5% and 18.1% of all newly diagnosed 
diabetes cases in 2001 and 2016, respectively. 
Incidence rate of T2DM showed some fluctua-
tion (between 8/100,000 in 2001 and 5/100,000 
in 2016), but a clear and significant decreasing 
trend was seen during the study period, reaching 
the lower rates by the end of the period investi-
gated (R2 = 0.4977; p < 0.0014). The mean annu-
al rate of the change in the incidence of T2DM 
was –2.5%/year (95% CI: –3.8 – –1.3) during the 
study period. 

Prevalence of T2DM rose between 2001 and 
2006 from 20/100,000 to 36/100,000 and de-
creased thereafter to 22/100,000 by the end of 
the period investigated. Prevalent T2DM cases 
accounted for 14.6% and 9.4% of all prevalent di-
abetes cases in 2001 and 2016, respectively. The 
overall change of prevalence was not significant 
(R2 = –0.0009; p = 0.3375) over the 16-year pe-
riod. Prevalent cases showed significant female 
predominance in every year (p < 0.0001).

Discussion

In the current population-based 16-year study, 
constant increases in the incidence and prevalence 
of T1DM were documented among children and 

https://www.R-project.org/
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adolescents. In contrast, a  decreasing incidence 
of T2DM was observed in the same population. 
The annual rate of increase in T1DM incidence 
was 2.5%/year and the annual rate of change 
in T2DM incidence was –2.5%/year. A  relatively 
high proportion of T2DM cases was documented 
among all diabetes patients: 24.5% within all new 
patients over the 16-year period and 18.1% and 
9.4% of all incident and prevalent cases, respec-
tively, in the last year, 2016. Male preponderance 
was observed in the T1DM cohort and females 
predominated in the T2DM cohort. 

The most recent International Diabetes Feder-
ation (IDF) report on diabetes in children and ad-
olescents provides lower T1DM rates in this coun-
try. The total number of T1DM patients aged 0–19 
years was estimated by the IDF as 3,166, but in 
this study 3,798 were documented. The incidence 
rate given by the IDF is 16.7/100 000, in contrast 
to the current study, which reports 22.9/100 000 
[28]. The IDF report does not give data estimates 
on T2DM. 

This study regarding increasing T1DM inci-
dence is in line with a previous Hungarian registry 
analysis of children between 1989 and 2009 [29]. 
However, the current study shows a  slower in-

crease in the incidence rate of T1DM as compared 
with the former study (mean annual rate of 2.5% 
vs. 4.4%), although the previous study covered 
a  substantially younger age group (0–14 years). 
The incidence data and its rising trend of T1DM 
in the current study are comparable to the find-
ings of recent publications from the US [15, 30, 
31], Australia [21] and Europe [32–35]. However, 
in some countries a flattened [11, 12] or a sinu-
soidal pattern [22] of T1DM incidence is observed 
instead of an increase. Further evaluations are 
necessary to assess whether a plateau will occur 
in Hungary over time in the future. 

Few data are available on the prevalence of 
T1DM in youths in different countries. In a  re-
cent Dutch study the prevalence of T1DM was 
143.6/100,000 in children aged 14 years or 
younger during the years 2009–2011 [33]. Reports 
from the UK and US showed increasing prevalence 
of T1DM in children and adolescents from 108 to 
198/100,000 between 1998 and 2005 and from 
148 to 193/100,000 between 2001 and 2009, re-
spectively [16, 23]. These data are comparable to 
the current data from Hungary, where a  change 
from 114 to 209/100,000 was observed between 
2001 and 2016. These figures support the view 
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that the growing T1DM population represents 
a  challenge to the health care system in these 
countries.

Like in the current study, some recent papers 
showed that more males than females are af-
fected by T1DM [15, 21, 22, 30], but some other 
data did not confirm this finding [16, 32, 33, 35]. 
In the current analysis, more male incident and 
prevalent T1DM cases were observed consistent-
ly in every single year and the number of all new 
cases among males was 25% higher than among 
females during the whole 16-year period, while 
the male population was only 5% larger than the 
female population. This support the previous Hun-
garian observation of the increasing male excess 
among T1DM patients in the first decade after the 
millennium [29].

US data describe a  substantial and concor-
dant increase in both incidence and prevalence 
of T2DM among youths, especially in at-risk ad-
olescent populations [15–17, 31]. In other parts 
of the world, however, the picture is more subtle. 
In Australia, no increase in the incidence of T2DM 
was described during the past decade [21]. Sim-
ilarly, Danish and German data also show a  lack 
of increase in the prevalence of T2DM in children 
and adolescents [19, 20]. On the other hand, rising 
incidence and prevalence of T2DM in youths have 
been observed in the UK for the past decades, 
especially among certain ethnic groups [22–24]. 
Almost all data confirm that females are more 
frequently affected than males [16, 18, 24] and 
T2DM is a  much less frequent form of diabetes 
than T1DM, accounting for < 10% of all diabetes 
cases in children and adolescents [5]. In the pres-
ent study, almost 3 times more new female than 
male cases were registered over 16 years and no 
increase in the overall occurrence of T2DM was 
documented, which is in line with some conti-
nental European data. The finding of a decreasing 
male-to-female ratio of incident cases due to the 
decreasing number of new male cases of T2DM 
is noteworthy. This could be due to the sexual di-
morphism in adiposity tissue function or distribu-
tion during puberty, but without anthropometric 
data we cannot explain this observation. Further 
studies are necessary to explain the reason of de-
creasing male-to-female ratio in new T2DM cases. 
However, the proportion of T2DM cases within the 
total diabetes population was decreasing, but sur-
prisingly high: in 2001, T2DM accounted for 34.5% 
and 14.6% of the new onset and the total diabe-
tes cases, respectively, and in 2016 it accounted 
for 18% and 9% of the new onset and the total 
diabetes cases, respectively. Furthermore, both in-
cidence and prevalence of T2DM were higher than 
other European data and are more comparable to 
the US data. This finding could be due to the wider 
age band used in this study as compared to some 

other European assessments. Increased aware-
ness of the health system to diagnose T2DM in 
this age group or earlier introduction of medica-
tion could be other reasons for the higher overall 
frequency of T2DM in Hungary. There are indica-
tions from some countries that a high number of 
patients could be misdiagnosed or undiagnosed 
[20, 21] and intervention could lead to delay in 
these cases. In this study, only medically treat-
ed patients were included, so the real number of 
T2DM patients could be even higher taking into 
account those on life-style intervention exclusively. 
Nevertheless, the finding of decreasing incidence 
of T2DM may indicate healthier life-style and im-
proving health literacy, but on the other hand, 
decreasing awareness or resources (especially hu-
man resources) for early detection and treatment 
of patients could also be plausible in the recent 
years. Previous data from this region showed that 
the frequency of overweight and obese children 
in Hungary increased from the 1980s to the first 
decade of the 2000s [36]. However, according to 
more recent data, a stable childhood obesity rate 
is observed after 2010 in the country [37]. As no 
data are available on the obesity rate in the cur-
rent study, it can be speculated that this could 
contribute to the decreasing tendency of T2DM in 
childhood. Further detailed studies are necessary 
to answer these questions.

There are some strengths of this study. The first 
is that insulin prescriptions are reliable indicators 
of T1DM as patients are exclusively treated with 
insulin since the onset. The second is that, con-
trary to questionnaire studies, this study does not 
rely on clinicians’ responses, so under-reporting is 
assumed to be less frequent. The third is that this 
study consists of a  population of around 2 mil-
lion children and adolescents covering the whole 
country and providing a large database on treat-
ed T1DM and T2DM patients. The retrospective 
design and diagnosis based on the ICD code and 
prescriptions rather than clinical diagnosis are the 
main weaknesses of this study. Although polycys-
tic ovary syndrome and gestational diabetes could 
have been excluded, some cases of monogenic di-
abetes, steroid induced diabetes, and cystic fibro-
sis related diabetes could have been misclassified. 
Taking into account the low occurrence of steroid 
induced diabetes and cystic fibrosis related dia-
betes, our population-based data seem to be not 
biased substantially by these conditions. Although 
no data are available on the prevalence of mono-
genic diabetes in Hungary, a Polish genetic screen-
ing study estimated the frequency of monogenic 
diabetes as 3.1–4.2% among youths with diabetes 
[38], highlighting the possibility of misdiagnosis 
of diabetes in our study. The major limitation of 
the study is that patients with T2DM treated with 
lifestyle modifications were not included, as only 
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medically treated patients were identified. On the 
other hand, patients who were asymptomatic 
and left undiagnosed were not captured by this 
study. As a result, this study underestimated the 
real prevalence of the total T2DM population in 
the country. Another possibility is that misclassi-
fications of T2DM patients as T1DM could have 
happened as no laboratory data were available to 
accurately classify every case retrospectively.

In conclusion, this study provides for the first 
time nationwide, population-based incidence and 
prevalence data in 2 million children and adoles-
cents on both T1DM and T2DM parallelly in a Cen-
tral-East European country over a 16-year period. 
T1DM is still the most common form of diabetes, 
and its frequency continues to rise, affecting more 
males. However, novel data of this study show that 
1) new T2DM cases among all newly diagnosed di-
abetes cases in children and adolescents are much 
higher than expected, 2) decreasing incidence of 
T2DM is mainly attributable to the decreasing 
number of newly diagnosed male cases. Although 
no effective prevention is available for T1DM, 
screening and life-style intervention are efficient 
measures against the burden of T2DM. Thus, find-
ings of this study are important for future studies, 
suggesting inclusion of older adolescents in analy-
ses, and could also be useful for resource planning 
in the health system. Further studies are required 
to explain the cause of decreasing incidence of 
T2DM, especially among male youths.
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