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 The epidemiology of type 1 diabetes mellitus (T1DM) in children aged 0-17 in Kazakhstan was explored using 

aggregated large-scale healthcare data from the unified national electronic health system (UNEHS) in 2014-2021. 

Incidence, period prevalence, and mortality rates per 100,000 population at risk were calculated. Cox proportional 

hazards regression modelling and Kaplan-Meier methodology were used. The follow-up period was from the initial 
date of T1DM until death or the end of the follow-up (31 December 2021). Among the 11,088 patients, the incidence 

rate of T1DM decreased from 28.1 to 24.5 per 100,000 population, whereas the period prevalence rate increased 

from 48.8 to 179.1, and the mortality rate rose from 0.18 to 0.67. Diagnosis at age 0-1 years (hazards ratio [HR] 

4.42), presence of nephropathy (HR 8.94) or neoplasms (HR 1.64) were associated with a higher risk of death, while 

the presence of retinopathy (HR 0.31) was associated with a lower risk of death. 
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INTRODUCTION 

Type 1 diabetes mellitus (T1DM) is one of the most common 

chronic diseases in children with an estimated global incidence 

of 149,500 cases within the age range 0-19 diagnosed in 2021 

[1]. In addition to the impact on the life quality of patients, 

T1DM predisposes to acute and chronic complications, such as 

diabetic retinopathy, diabetic nephropathy, diabetic 

neuropathy, cardiovascular alterations leading to coronary 

artery disease, cerebrovascular diseases, and others [2].  

However, in T1DM children the most fearful situations are 

related to the inappropriate and/or delayed recognition and/or 

management of this disease, which can result in acute 

metabolic complications, such as diabetic ketoacidosis (DKA) 

and severe hypoglycemia [3]. 

The annual incidence rate of T1DM in children and 

adolescents under 15 varies between 0.1 and 57.6 documented 

cases per 100,000 population, with the lowest rates being 

found in Fiji and China, and the highest–in Finland [4]. 

However, a global increase of approximately 3-5% per year in 

the incidence and prevalence of T1DM has been reported [5-7]. 

Data on mortality in pediatric T1DM populations has been 

lacking in recent years [8]. However, a systematic review based 

on the data from the late 20th century shows a great variation 

yet consistent higher mortality rates when compared with the 

general population, with a maximum standardized mortality 

ratio (SMR) reaching 854 in Cuba [9]. Notably, the majority of 

deaths tend to occur in low- and middle-income countries due 

to lower availability of appropriate medical care and/or access 

to diagnostic and therapeutic resources [8]. 

There is a lack of clinical and epidemiological studies on 

pediatric chronic disorders from Kazakhstan (and, in general, 

Central Asia), including T1DM. A few cross-sectional 

observational studies investigating the general epidemiology 

of diabetes mellitus in Kazakhstan have been previously 

published [10-13]. However, they tend to have a smaller scale, 

or focus on adult populations. 

Kazakhstan has a well-developed electronic healthcare 

system named the unified national electronic health system 

(UNEHS), established in 2014, which allows the use of medical 

records for research. These records are aggregated from 

different electronic data sources such as inpatient electronic 

registries of hospitalized patients, outpatient electronic 

registries of dispensary patients and many others, which are 

implemented across all medical organizations in the country. 

The establishment of UNEHS in Kazakhstan created an 

unprecedented possibility to study the epidemiology of a wide 

variety of health conditions in Kazakhstan on a national scale, 

including diabetes mellitus. Therefore, through the analysis of 

UNEHS, which provides comprehensive data from hospitals 

from all regions of Kazakhstan, we aimed to investigate the 

incidence, prevalence, and all-cause mortality of pediatric 

T1DM in the country from 2014 to 2021.  
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METHODS 

Study Population 

This is a retrospective cohort study, which included patient 

records of T1DM children aged 0-17 years at diagnosis, who 

were registered in UNEHS, between 1 January 2014 and 31 

December 2021. UNEHS database aggregates individual 

patient records and provides socio-demographic and clinical 

diagnoses according to the international classification of 

diseases 10 (ICD-10) coding system. T1DM patients were 

identified using ICD-10 code E10 (Appendix A). The follow-up 

period was defined as the period from the date of T1DM 

diagnosis to 31 December 2021, or until the date of death. The 

cohort selection flowchart presented in Figure 1 depicts each 

step of the process.  

The sample is non-random, assembled with the aim of 

covering as many documented pediatric T1DM patients in the 

country as possible. UNEHS database is organized into 

inpatient and outpatient electronic registries. The entire 

database consisted of 50,606,395 records for the period 

between 2014 and 2021 of which 13,841,689 are inpatient, and 

36,764,706 are outpatient. The final cohort of children aged 0-

17 with T1DM consisted of 11,088 patients.  

Exposures and Covariates 

Patients’ records extracted from UNEHS database 

contained the following information: sex, ethnicity, date of 

birth, date of death, date of diagnosis, ICD-10 codes for main 

diagnosis and comorbidities, dates of admission and 

discharge, and anonymized population registry number (RPN). 

RPN is a unique patient identification number used exclusively 

within the healthcare records systems. Where applicable, the 

information on the date of death was obtained through linkage 

with the population registry through RPN. Age was divided into 

three categories: 0-1 years, 2-11, and 12-17 [14]. Ethnicity was 

divided into Kazakh, Russian, and others (including Uzbek, 

Ukrainian, Tatar, and more). The following comorbidities were 

included: coronary heart disease (CHD), arterial hypertension, 

stroke, diabetic retinopathy, diabetic neuropathy, diabetic 

nephropathy, neoplasms, celiac disease, and thyroid diseases. 

These diagnoses were cross-referenced across the database for 

each patient using their RPN ID to ensure maximum capture. 

This was done to account for the database being divided into 

sections, such as the inpatient and the outpatient registries. 

RPN IDs are unique and consistent throughout the database 

and allow to gather data that could be present in one section 

of the database, but not the other for maximum capture. 

Outcome Assessment 

Incidence, period prevalence, and all-cause mortality were 

evaluated for pediatric T1DM patients for each year between 

2014 and 2021. Incidence rate per 100,000 population was 

calculated by dividing the number of incident cases within a 

year by the average total population of ages 0-17 in Kazakhstan 

within that year. Similarly, period prevalence and mortality 

rates were calculated per 100,000 population by dividing the 

total number of patients alive at the end of a year, or number 

of deaths in that year by the average of the total population at 

risk, respectively. Population statistics were obtained from the 

National Statistical Bureau of the Agency of Strategic Planning 

and Reforms of the Republic of Kazakhstan [15].  

Statistical Methods 

Categorical variables were summarized as frequencies and 

percentages. Continuous variables were summarized as 

medians and interquartile ranges (IQR). For survival analysis, 

cox proportional hazards regression modelling and the Kaplan-

Meier method were used. After checking for the assumptions, 

cox modelling was used to obtain crude and adjusted hazard 

ratios (HR) with 95% confidence intervals (CI). Adjustment was 

made for age at diagnosis, sex, ethnicity, CHD, hypertension, 

stroke, diabetic retinopathy, diabetic neuropathy, diabetic 

nephropathy, neoplasms, and thyroid diseases. The Kaplan-

Meier method was used to estimate and graphically depict 

survivor functions for D1TM patients based on age at diagnosis, 

sex, residency, and ethnicity. The significance of the difference 

between the survival curves was estimated using the log-rank 

test. 

All statistical analyses were performed using STATA 15 MP2 

version (STATA Corporation, College Station, TX). p-values are 

two-sided and reported as statistically significant at ≤0.05 for 

all analyses. 

RESULTS 

Patients’ Characteristics 

A cohort of 11,088 children diagnosed with T1DM was 

identified during the study period. The descriptive statistics 

regarding the general demographic and clinical characteristics 

of these T1DM children are summarized in Table 1.  

In detail, the gender distribution was substantially equal; 

the median age of diagnosis was 9.87 years (IQR 6.12-13.28). As 

regards the ethnic distribution, 44.44% were Kazakhs, 16.28% 

were Russians, other ethnicities represented the remaining 

17.57%. In terms of comorbidities, retinopathy (11.43%), 

 

Figure 1.Cohort selection flowchart of pediatric T1DM patients 

registered in UNEHS in 2014-2021 (Source: Authors’ own 

elaboration) 
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neoplasms (10.67%), neuropathy (7.06%), and CHD (4.48%) 

were the most observed. All-cause mortality by the end of the 

follow-up period reached 1.73%, which corresponds to the 

overall mortality rate of 17.3 per 1,000 patients in this cohort. 

Incidence, Prevalence, and Mortality Rates 

During the study period, the incidence rate of T1DM 

decreased from 28.1 (year 2014) to 24.5 (year 2021) cases per 

100,000 population at risk, with the average of 22.5 (Figure 2).  

T1DM prevalence increased from 48.8 to 179.1 cases per 

100,000 persons over the study period, with the average of 

116.0 (Figure 3). Both incidence and prevalence were slightly, 

yet consistently higher among girls.  

The mortality rate rose from 0.18 to 0.67 per 100,000 people 

in the at-risk population during the study period, with the 

average of 0.32 (Figure 4).  
 

Survival Analysis 

Figure 5, Figure 6, Figure 7, and Figure 8 depict survivor 

function plots constructed using the Kaplan-Meier method 

with the p-values from the log-rank test, indicating the 

significance of the difference between the survivor curves.  

Differences in survival are significantly different among age 

and ethnicity groups. Patients diagnosed with T1DM at age 0-1 

years demonstrate lower survival rates than those diagnosed 

later in life. Survival was also found to be significantly lower 

among males and rural residents. 

Table 1. Descriptive statistics of pediatric T1DM cohort 

registered in UNEHS in 2014-2021 

Characteristics Patients 

Total, n (%) 11,088 (100) 

Age when diagnosed (years), median (IQR) 9.87 (6.12-13.28) 

Age at the time of death (years), median (IQR) 9.41 (4.51-16.26) 

Years of follow-up, median (IQR) 3.85 (1.80-6.12) 

Age group when diagnosed, n (%)  

0-1 535 (4.83) 

02-11 6,699 (60.42) 

12-17 3,854 (34.76) 

Sex, n (%)  

Female 5,566 (50.20) 

Male 5,522 (49.80) 

Ethnicity, n (%)  

Kazakh 4,927 (44.44) 

Russian 1,805 (16.28) 

Other 1,948 (17.57) 

Missing 2,408 (12.72) 

Residency, n (%)  

Urban 6,431 (59.41) 

Rural 4,393 (40.59) 

Comorbidities, n (%)  

CHD 537 (4.48) 

Hypertension 350 (3.16) 

Stroke 196 (1.77) 

Retinopathy 1,267 (11.43) 

Neuropathy 783 (7.06) 

Nephropathy 195 (1.76) 

Neoplasms 1,183 (10.67) 

Celiac disease 21 (0.19) 

Thyroid diseases 79 (0.71) 

Outcome  

Alive 10.896 (98.27) 

Dead 192 (1.73) 
 

 

Figure 2. Incidence rate per 100,000 population at risk aged 0-

17 stratified by sex & year of diagnosis for pediatric T1DM 

cohort registered in UNEHS in 2014-2021 (Source: Authors’ own 

elaboration) 

 

Figure 3. Prevalence rate per 100,000 population at risk aged 

0-17 stratified by sex & year of diagnosis for pediatric T1DM 

cohort registered in UNEHS in 2014-2021 (Source: Authors’ own 

elaboration) 

 

Figure 4. Mortality rate per 100,000 population at risk aged 0-

17 stratified by sex & year of diagnosis for pediatric T1DM 

cohort registered in UNEHS in 2014-2021 (Source: Authors’ own 

elaboration) 

 

Figure 5. Kaplan-Meier plot of survivor function on age at 

diagnosis & adjusted for residency, sex, & ethnicity for pediatric 

T1DM cohort registered in UNEHS in 2014-2021 (Source: 

Authors’ own elaboration) 
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In Table 2, hazards ratios (HR) with 95% confidence 

intervals (CI) and p-values corresponding to associations 

between risk of death and demographic characteristics, are 

reported. Among T1DM patients, those diagnosed at age 0-1 

years exhibit almost 4.5-fold higher risk of death (HR 4.42 [95% 

CI: 2.69-7.26] compared to 12-17 age group at diagnosis. No 

significant relations were found in terms of sex and ethnicity. 

Table 3 lists HRs based on presence of diagnosed 

comorbidities and their association with the risk of death. 

Among T1DM patients, three types of comorbidities were 

significantly associated with a change in the risk of death after 

full adjustment: nephropathy was associated with an 8.9-fold 

higher risk of death (HR 8.94 [95% CI: 5.27-15.18]), neoplasms–

with a 64% higher risk of death (HR 1.64 [95% CI: 1.13-2.40]), 

and retinopathy was associated with a 69% lower risk of death 

(HR 0.31 [95% CI: 0.17-0.57]).  

DISCUSSION AND CONCLUSIONS 

In this study, we investigated the epidemiology of pediatric 

T1DM in Kazakhstan for the period of 2014-2021 using large-

scale administrative health data. We described incidence, 

prevalence, mortality, and survival of pediatric T1DM patients 

and investigated demographic factors and DM-related 

comorbidities. We found that retinopathy, neoplasms, and 

neuropathy are the most common comorbidities, documented 

for 11.4%, 10.7%, and 7.1% of the cohort, respectively. The 

average incidence rate of T1DM was 22.5 cases per 100,000 

population at risk. Period prevalence rate reached 179.1 cases 

 

Figure 6. Kaplan-Meier plot of survivor function on ethnicity & 

adjusted for residency, sex, & age at diagnosis for pediatric 

T1DM cohort registered in UNEHS in 2014-2021 (Source: 

Authors’ own elaboration) 

Table 2. Cox proportional hazards regression models of associations between risk factors & risk of all-cause death for pediatric 

T1DM cohort registered in UNEHS in 2014-2021 

 Crude HR (95% CI) p-value Adjusted HR (95% CI) p-value 

Sex 

Male Ref.  Ref.  

Female 1.15 (0.85-1.55) 0.379 1.16 (0.85-1.57) 0.344 

Age when diagnosed 

12-17 Ref.  Ref.  

2-11 0.87 (0.63-1.22) 0.424 1.09 (0.78-1.53) 0.594 

0-1 3.00 (1.84-4.90) <0.001 4.42 (2.69-7.26) <0.001 

Ethnicity 

Kazakh Ref.  Ref.  

Russian 0.64 (0.41-0.99) 0.043 0.66 (0.43-1.03) 0.066 

Other 0.90 (0.61-1.34) 0.605 0.90 (0.60-1.33) 0.587 

Residence 

Urban Ref.  Ref.  

Rural 1.15 (0.85-1.56) 0.366 1.21 (0.90-1.65) 0.211 

Note: Adjusted for age at diagnosis, sex, ethnicity, and residency 

 

Figure 7. Kaplan-Meier plot of survivor function on sex & 

adjusted for residency, ethnicity, & age at diagnosis for 

pediatric T1DM cohort registered in UNEHS in 2014-2021 

(Source: Authors’ own elaboration) 

 

Figure 8. Kaplan-Meier plot of survivor function on residency & 

adjusted for sex, ethnicity, & age at diagnosis for pediatric 

T1DM cohort registered in UNEHS in 2014-2021 (Source: 

Authors’ own elaboration) 
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per 100,000 population at risk in 2021. The average mortality 

rate was estimated at 0.32 deaths per 100,000 population at 

risk. Children diagnosed before at age 0-1 year were at a 4.5-

fold higher risk of all-cause mortality compared to those 

diagnosed at the age 12-17. The presence of neoplasms and 

nephropathy corresponded to 64% and 794% higher risk of all-

cause mortality, respectively, while presence of retinopathy 

was associated with a 69% lower risk of death. 

The estimated average incidence rate of 22.5 cases of 

pediatric T1DM per 100,000 population is consistent with the 

data published by the International Diabetes Federation for the 

Central Asian region in 2019 [16].  

A recent study reported incidence rates of pediatric T1DM 

at 5.1-8.9 cases per 100,000 population for the world, and 16-24 

for Europe and Central Asia in 2021 within the 0-19 age group 

[17]. In North America the incidence ranged from 16 to 34 cases 

per 100,000 population, in Latin America and Caribbean–from 

8 to 11, in Middle East and North Africa–from 11 to 23, in Sub-

Saharan Africa– between two and three, in South Asia, East 

Asia, and Pacific–between four and six cases per 100,000 

pediatric population [17, 18].  

Period prevalence rate of T1DM reached 179.1 cases per 

100,000 population in 2021 in Kazakhstan, compared to 152.5 

cases per 100,000 population in 2020 in Italy [19], 247.1 per 

100,000 in 2020 in Germany [20], 17.6 per 100,000 in 2015 in 

Thailand [21], and 2.05 per 100,000 in 2016 in Mali [22]. Based 

on these estimates, Kazakhstan appears closer to higher 

income European countries, which may indicate improved 

recognition, diagnostic capacity, and detection rate of chronic 

conditions, such as T1DM, compared to lower income 

developing nations.  

All-cause mortality rate was estimated to be 1.73% in this 

cohort, and 0.32 per 100,000 population at risk per year. 

Research on mortality among pediatric T1DM patients has 

been scarce in recent years. In a study conducted in Australia 

between 1997 and 2010, overall mortality rate reached 7.0%, 

however, this study included patients of all ages [23].  

Prevalence of diabetic retinopathy (DR) was 11.4% in this 

cohort, which is lower than the estimates from the US [24], 

where 20.1% of youths with T1DM developed DR over 3.2 

median years of observation; and the estimates from the UK, 

where 37.4% had DR at first screening [25]. Prevalence of 

diabetic nephropathy (DN) was 1.8%, which is considerably 

lower than the estimated 15-20% DN development rate among 

T1DM youths [26, 27]. Celiac disease was found only in 0.2% of 

the patients in this cohort, which is significantly lower than the 

estimated 4-11% prevalence in T1DM populations [28]. This 

may indicate that these types of comorbidities are significantly 

underdiagnosed in Kazakhstan. Prevalence of hypertension in 

this cohort reached 3.2%, which is within 2-4% range 

determined by American Academy of Pediatrics in 2017 [29].  

We found a significantly higher risk of mortality among 

children diagnosed with at age 0-1 years, 4.5 times higher, 

compared to those diagnosed at age 12-17. A similar trend was 

found in a study conducted in Sweden, which showed that 

mortality rate among children diagnosed within the first two 

years of life is considerably higher, compared to those 

diagnosed later in life [30]. Nephropathy and neoplasms were 

significantly associated with 8.9- and 1.6-times higher risk of 

death, respectively. In the [31], all-cause mortality risk has 

been estimated to be up to 30 times higher in T1DM patients 

with diabetic nephropathy, compared to T1DM patients 

without it. T1DM is also associated with higher risk of 

development of certain cancer types [17]. Interestingly, 

diabetic retinopathy is associated with a 69% lower risk of all-

cause mortality. This unexpected inverse relationship, 

observed in our study, aligns with the concept of reverse 

epidemiology [32]. Diabetic retinopathy is the most common 

complication in children with type 1 DM, therefore, patients 

might be receiving more intense medical care and higher 

quality treatment. However, due to the lack of data on the 

specifics of the treatments, we could not explore this 

association further. However, it has also been documented 

that the risk of mortality due to DR increases with the duration 

of this condition, suggesting that longer-term complications of 

DR may contribute to poorer health outcomes [33]. 

There are several strengths to this study. Firstly, to our 

knowledge, this is the first study into the epidemiology of 

pediatric T1DM in Kazakhstan using aggregated data from the 

nationwide digital healthcare registries for the entire 

population, which allows a more complete assessment of the 

epidemiology of pediatric T1DM in the country. Secondly, this 

retrospective cohort study uses data collected continuously 

over the period of eight years, which made the analysis of 

trends over time comprehensive. Thirdly, the outcome data of 

patient mortality was obtained through linkage to the 

population registry, which helped ascertain cases of death 

outside of in-hospital mortality.  

The study also has a number of limitations. Firstly, reliance 

on secondary data poses certain challenges, although efforts 

were made to ensure reliability and accuracy of the data. The 

data were originally collected for purposes other than the 

specific research questions of this study. This mismatch in data 

collection objectives and methodologies may have resulted in 

certain variables being unavailable or not aligned precisely 

with the research aims. Secondly, lack of laboratory data 

further limited the variety of analytical procedures that could 

be employed, thus preventing us from studying the 

Table 3. Cox proportional hazards regression models of associations between comorbidities & risk of all-cause death for pediatric 

T1DM cohort registered in UNEHS in 2014-2021 

 Crude HR (95% CI) p-value Adjusted HR (95% CI) p-value 

CHD 1.04 (0.56-1.92) 0.901 0.52 (0.17-1.62) 0.258 

Hypertension 1.22 (0.62-2.39) 0.569 1.70 (0.50-5.76) 0.396 

Stroke 1.67 (0.74-3.77) 0.219 1.61 (0.67-3.83) 0.286 

Retinopathy 0.54 (0.31-0.93) 0.027 0.31 (0.17-0.57) <0.001 

Neuropathy 0.93 (0.55-1.59) 0.794 0.77 (0.43-1.39) 0.378 

Nephropathy 5.81 (3.60-9.38) <0.001 8.94 (5.27-15.18) <0.001 

Neoplasms 1.77 (1.22-2.56) 0.002 1.64 (1.13-2.40) 0.010 

Thyroid diseases 0.66 (0.09-4.69) 0.675 0.68 (0.09-4.87) 0.701 

Note. Adjusted for age at diagnosis, sex, ethnicity, residency, CHD, hypertension, stroke, retinopathy, neuropathy, nephropathy, diabetic foot, 

neoplasms, & thyroid diseases 
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epidemiology of T1DM from a greater number of perspectives. 

Thirdly, the data on mortality are from all causes, with no cause 

specification. This limited our ability to analyze the 

relationships between the risk factors and cause-specific 

mortality. Consequently, the interpretation of the observed 

associations should be made with caution due to the 

observational nature of this study. Lastly, while efforts were 

made to control for potential confounders, it is acknowledged 

that there may be residual confounding due to unmeasured or 

unknown factors. Despite these limitations, this study provides 

valuable insights into the epidemiology of pediatric T1DM in 

Kazakhstan and sets the stage for further research to address 

these limitations and strengthen our understanding of topic. 

Based on the findings of this research, several 

recommendations can be made. Diabetic retinopathy, 

neoplasms, and neuropathy were found to be the most 

commonly documented comorbidities, which warrants further 

research into these conditions in pediatric T1DM populations. 

In terms of policy, despite the decreasing incidence trend, 

continued longitudinal surveillance and research with the aim 

of monitoring the evolving patterns of pediatric T1DM might 

help ensure that healthcare policies remain responsive to the 

changing epidemiological trends. Additionally, further 

research into the risk factors, such as diabetic nephropathy and 

neoplasms, could guide the development of targeted 

interventions and more efficient efforts aimed at reducing 

mortality among pediatric T1DM patients. In terms of clinical 

practice, early diagnosis and management of T1DM and 

relevant complications is essential for improving health 

outcomes. Continuous monitoring of patients and a smooth 

transition from pediatric to adult care are needed, ensuring 

that they are well equipped with the necessary self-

management skills and resources to continue effective care. 

Finally, UNEHS database, while being an exceedingly useful 

source of data for various research purposes, could be 

improved further by increasing the breadth of documented 

information, such as laboratory and treatment details. 
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APPENDIX A 

 

Table A1. Codes 

 ICD-10 diagnosis ICD-9 procedures 

CHD I20-I25 00.66 & 36.00-36.99 

Hypertension I10-I16  

Stroke I60-I66 00.61, 00.62, 00.64, & 00.65 

Retinopathy E10.3, E11.3, E12.3, E13.3, E14.3, H25-H26, H28, H30-H36, H43.1, & H54  

Nephropathy E10.2, E11.2, E12.2, E13.2, E14.2, N17-N19.9, & Z99.2 55.6 

Neoplasm C00-D49  

Neuropathy E10.4, E11.4, E12.4, E13.4, E14.4, G63.2, & G62.9  

Celiac disease K90.0  

Thyroid disease E00-E07  

Type 1 diabetes mellitus E10  
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