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All-cause hospital admissions and
incidence of type 2 diabetes among
adolescents in Kazakhstan
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Abduzhappar Gaipov'> & Dinara Galiyeva(***

This retrospective cohort study investigates the epidemiology of type 2 diabetes mellitus (T2DM) in
adolescents in Kazakhstan from 2014 to 2021, focusing on incidence and all-cause hospital admissions.
A cohort of 725 adolescents aged 10-17 years diagnosed with T2DM from 2014 to 2021 and registered
in the Unified National Electronic Healthcare System (UNEHS) in Kazakhstan. Baseline demographic
characteristics, incidence rates, and associated comorbidities and complications were analyzed. For
the analysis of all-cause hospitalization rates, Cox regression modeling was used to assess the risk
factors associated with hospitalizations, including demographic parameters and the presence of
complications. The incidence of T2DM increased from 1.9 to 5.8 per 100,000 in the 10-13 age group and
from 3.5 to 8.2 per 100,000 in the 14-17 age group. Girls had a higher incidence (3.0 to 7.3 per 100,000)
compared to boys (2.5 to 6.5 per 100,000). The most common complications included retinopathy
(14.62%), neuropathy (12.14%), and diabetic foot (6.62%). After diagnosis, 17.79% of patients were
hospitalized due to all causes. Statistically significant risk factors for all-cause hospitalization included
rural residence (HR: 1.51, 95% ClI: 1.04-2.20), hypertension (HR: 1.99, 95% Cl: 1.04-3.79), retinopathy
(HR: 2.50, 95% Cl: 1.56-4.02), and neuropathy (HR: 2.73, 95% Cl: 1.06-2.83).
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Type 2 diabetes mellitus (T2DM) is a metabolic condition associated with hyperglycemia due to diminished
response to insulin, or insulin resistance, which represents a significant and growing public health concern
globally!. Contrary to the prior tendency of T2DM to be observed predominantly in adults and the elderly,
recently, T2DM has been more common among young adults, adolescents, and even children?.

Globally, the incidence and prevalence of pediatric T2DM have been increasing over recent decades. Among
youth aged 10-19 years, the prevalence rate of T2DM reached 34 cases per 100,000 population in 2001 in the
USA, further increasing up to 46 cases in 2009, which constitutes a 31% increase, and up to 67 cases per 100,000
population in 2017534,

In Europe, the estimated prevalence rates of T2DM among youth are below 0.5 cases per 100,000 population
on average, with the estimates in the UK reaching 2.9 cases in 2013!. The trends in overweight and obesity,
which are key risk factors for T2DM, vary significantly across Europe. A systematic review and meta-analysis
covering the period from 1999 to 2016 and focusing on children of age 2-13 years revealed the lower prevalence
of overweight and obesity in some regions, such Atlantic and Central Europe (14-21%), and higher estimates
in others, such as the Mediterranean region (24-37%)°. While some high-income countries are stabilizing or
reducing obesity rates, low- and middle-income countries continue to experience rising trends, emphasizing the
need for interventions®.

Pediatric T2DM carries severe clinical implications. Adolescents diagnosed with T2DM often present
with a more aggressive phenotype, characterized by rapid progression and early onset of complications such
as nephropathy, retinopathy, and cardiovascular disease®. Furthermore, increased morbidity and mortality
associated with young-onset T2DM highlights the need for early management to mitigate long-term health
outcomes’.

While recent research into diabetes mellitus in Kazakhstan exists’~, the epidemiology of T2DM among
adolescents remains underexplored. Comprehensive epidemiological studies are essential to understand the
incidence, risk factors, and associated health outcomes. Since 2014, nationwide administrative health data
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have been aggregated by the Unified National Electronic Health System (UNEHS) in Kazakhstan. Availability
of medical records of patients under inpatient and outpatient care on a national scale creates an excellent
opportunity to conduct retrospective population-based research into the epidemiology of a wide variety of
conditions, including T2DM in adolescents. Using administrative healthcare data, we aim to investigate the
incidence of T2DM and the risk of all-cause hospital admissions among adolescents with T2DM diagnosed
between 2014 and 2021 in Kazakhstan.

Methods

Study population

This retrospective cohort study included patient records of T2DM adolescents aged 10-17 years at diagnosis
who were registered in the UNEHS between January 1st, 2014, and December 31st, 2021. Individual patient
records containing socio-demographic and clinical data were extracted from the UNEHS database. The database
has been described in greater detail elsewhere!?. T2DM was defined using the International Classification of
Diseases 10 (ICD-10) as codes E11.x.

Exposures and covariates

Patient records extracted from the UNEHS database contained the following information: age, sex, ethnicity,
residence, ICD-10 codes of the diagnoses, anonymized population registry number (RPN), and dates of birth,
diagnosis, date of death, date of admission, and date of discharge. Where applicable, the information on the
date of death was obtained through linkage with the Population Registry through RPN. Age was divided into
2 categories: 10-13 years and 14-17 years. The following comorbidities were included: arterial hypertension,
diabetic retinopathy, diabetic neuropathy, diabetic nephropathy, neoplasms, and diabetic foot.

Outcome assessment

For each year of follow-up between 2014 and 2021, incidence rates per 100,000 population were estimated for
T2DM patients by dividing the number of incident cases in a year by Kazakhstan’s total population of ages 10-17
years in that year. The population parameters of Kazakhstan were obtained from the Statistics Committee!!.
Incidence rates of all-cause hospital admissions were estimated per 1,000 person-years. The follow-up period
was defined from the date of T2DM diagnosis to December 31st, 2021, or the date of the earliest hospital
admission due to all causes.

Statistical methods
For categorical variables, data were summarized as patient numbers and percentages. The median and
interquartile range (IQR) were used to summarize continuous variables. Cox regression modeling was used
to produce crude and adjusted hazard ratios (HR) with 95% confidence intervals (CI) corresponding to the
associations between risk factors and all-cause hospital admissions.

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

Figure 1 depicts a flowchart of cohort selection. From the inpatient and outpatient registries, records of 353
and 483 of T2DM patients were identified, respectively. After merging the datasets and removing duplicate
observations, the final cohort of 725 patients was derived.

Table 1 presents the baseline characteristics of the cohort. From the 725 patients in the cohort, 383 (52.83%)
were female, 427 (58.90%) were aged 14-17 years at T2DM diagnosis, 465 (68.89%) were urban residents, and 12
(1.66%) died. The most common complications were retinopathy, affecting 106 (14.62%) patients, neuropathy,
affecting 88 (12.14%) patients, and diabetic foot, affecting 48 (6.62%) patients, followed by nephropathy,
hypertension, and neoplasms. After the initial T2DM diagnosis, 129 (17.79%) patients were hospitalized at least
once due to all causes.

The incidence of T2DM in the cohort showed a noticeable upward trend over the study period. As illustrated
in Fig. 2, the incidence rates among adolescents aged 10-13 years old increased from 1.9 per 100,000 population
in 2014 to 5.8 per 100,000 population in 2021. Similarly, for adolescents aged 14-17 years, the incidence rates
rose from 3.5 per 100,000 population in 2014 to 8.2 per 100,000 population in 2021. The overall trend indicates
a significant increase in the incidence of T2DM among both age groups over the years.

Figure 3 illustrates the incidence rates of T2DM stratified by sex and year of diagnosis. The estimates increased
from 2.5 to 6.5 cases and from 3.0 to 7.3 cases per 100,000 population between 2014 and 2021 among boys and
girls, respectively.

The median follow-up time until all-cause hospital admission was 0.37 years with an IQR of 0.12-0.84 years.
The incidence rates of all-cause hospital admissions per 1,000 person-years (PY) in the cohort stratified by age
category are depicted in Fig. 4. For adolescents aged 10-13 years, the incidence rates fluctuated from 0.36 per
1,000 PY in 2014 to 0.31 per 1,000 PY in 2021. Among patients aged 14-17 years, the rates varied from 0.14 per
1,000 PY in 2014 to 0.37 per 1,000 PY in 2021. Although there were some fluctuations, a general upward trend
is observed in the incidence of all-cause hospital admissions over the study period.

Figure 5 illustrates the incidence rates of all-cause hospital admissions per 1,000 person-years (PY) stratified
by sex. Similarly to Fig. 4, there are notable fluctuations in the estimates over the study period. Between 2014
and 2021, the rates ranged from 0.05 to 0.37 and from 0.35 to 0.31 cases per 1,000 PY among male and female
patients, respectively.
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Fig. 1. Flowchart of cohort selection of adolescents with T2DM registered in UNEHS in 2014-2021.

As presented in Table 2, several risk factors were statistically significantly associated with the risk of all-
cause hospital admissions among adolescents with T2DM. Rural residence was associated with a higher risk of
all-cause hospitalization compared to urban residence (adjusted HR: 1.51, 95% CI: 1.04-2.20, p=0.030). The
presence of hypertension (adjusted HR: 1.99, 95% CI: 1.04-3.79, p=0.037), retinopathy (adjusted HR: 2.50,
95% CI: 1.56-4.02, p<0.001), and neuropathy (adjusted HR: 2.73, 95% CI: 1.06-2.83, p=0.028) were also
significantly associated with higher risks of all-cause hospitalization. In the fully adjusted Cox regression model,
50 cases were censored due to missing data in the parameter of residence (urban/rural). However, inclusion
of the parameter of residence into the model substantially improved its explanatory power. It was decided not
to use imputation, since the data in this parameter were missing for 50 (6.89%) cases, and only 3 of them had
records of hospital admission. In terms of mortality, for all the 12 cases that ended in death over the follow-up
period, there were records of hospitalization before death. Since hospital admission was used as the failure event
in the model, and death occurred after a documented hospitalization in all these cases, they were not censored.

Discussion
This study provides an analysis of the epidemiology of T2DM in adolescents in Kazakhstan based on data
aggregated in the Unified National Electronic Healthcare System (UNEHS) for the period of 2014-2021. The
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Number of patients | Percentage

Total 725 100.00
Age category

10-13 years 298 41.10
14-17 years 427 58.90
Sex

Female 383 52.83
Male 342 47.17
Ethnicity

Kazakh 422 58.21
Russian 139 19.17
Other 164 22.62
Residence

Urban 465 64.14
Rural 210 28.97
Missing 50 6.89
All-cause hospitalization

No 596 82.21
Yes 129 17.79
All-cause death

No 713 98.34
Yes 12 1.66
Complications

Hypertension | 30 4.14
Retinopathy | 106 14.62
Nephropathy | 35 4.83
Neuropathy 88 12.14
Diabetic foot | 48 6.62
Neoplasms 19 2.62

Table 1. Characteristics of adolescents with T2DM registered in UNEHS in 2014-2021.
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Fig. 2. Incidence rates per 100,000 population stratified by age & year of T2DM diagnosis.
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Fig. 4. Incidence rates of all-cause hospitalization per 1,000 person-years stratified by age & year of T2DM
diagnosis.

results indicate a noticeable increase in the incidence of T2DM among adolescents, with significant differences
observed based on age and sex. Additionally, several factors were identified as statistically significantly associated
with the risk of all-cause hospital admissions among adolescents diagnosed with T2DM, namely rural residence
and diagnoses of hypertension, retinopathy, and neuropathy.

Our findings show a substantial increase in the incidence of T2DM among adolescents in Kazakhstan from
2014 to 2021. The incidence rates for adolescents aged 10-13 years rose from 1.9 to 5.8 per 100,000 population,
while rates for those aged 14-17 years increased from 3.5 to 8.2 per 100,000 population. This trend was consistent
for both boys and girls, reflecting a growing public health concern, and aligning with global observations. For
instance, the SEARCH for Diabetes in Youth study reported the crude annual incidence rates of 9 cases per
100,000 people in 2002, and 12.5 cases in 20123. A more recent systematic review found that the incidence of
T2DM in children and adolescents under 20 years varied dramatically between countries and ranged from 0.1

Scientific Reports|  (2025) 15:20746 | https://doi.org/10.1038/s41598-025-07451-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

0:35

0.25 0.25 0.25

0.37
0.33
0.31
0.25
0.20
0.18
0.13 0.13 0.13 0.13
0.11
B I I I I I

2014 2015 2016 2017 2018 2019 2020 2021

Incidence rate per 1000 PY

H Male HFemale

Fig. 5. Incidence rates of all-cause hospitalization per 1,000 person-years stratified by sex & year of T2DM

diagnosis.

| Crude HR | 95% CI | p-value | Adjusted HR | 95% CI | p-value
Sex
Male Ref. Ref.
Female 0.94 0.66-1.32 0.706 | 0.87 0.61-1.26 0.475
Ethnicity
Kazakh Ref. Ref.
Russian 0.67 0.42-1.05 0.084 | 0.86 0.53-1.38 0.525
Other 0.92 0.57-1.48 0.736 | 0.90 0.54-1.50 0.680
Age category
10-13 Ref. Ref.
14-17 0.75 0.53-1.07 0.110 |0.76 0.52-1.11 0.160
Residence
Urban Ref. Ref.
Rural 1.98 1.40-2.82 | <0.001 | 1.51 1.04-2.20 0.030
Hypertension | 1.98 1.09-3.60 0.024 | 1.99 1.04-3.79 0.037
Retinopathy | 4.17 2.91-5.98 | <0.001 |2.50 1.56-4.02 | <0.001
Nephropathy | 3.56 2.15-5.90 | <0.001 | 1.10 0.58-2.10 0.764
Neuropathy 3.59 2.46-5.23 | <0.001 |2.73 1.06-2.83 0.028
Diabetic foot | 2.39 1.34-4.24 0.003 | 1.57 0.86-2.89 0.143
Neoplasms 0.61 0.15-2.45 | 0.482 |0.53 0.13-2.19 | 0.383

Table 2. Cox regression model for the risk of all-cause hospitalization among the pediatric T2DM patients
registered in UNEHS in 2014-2021.

(Germany) to 90.7 (Iran) cases per 100,000 population'?. Additionally, based on the data from the Centers for
Disease Control and Prevention, the incidence rates of T2DM among youth have been continuously increasing
between 2003 and 2015'3. Potential contributors outlined in prior research are increased obesity, changes in diets
and physical activity, and different diagnostic practices due to improved awareness of T2DM in youth?.

The incidence of all-cause hospital admissions among adolescents with T2DM also exhibited a general
upward trend, although with fluctuations. Comparing these findings to diabetes-related hospitalization rates
among T2DM adolescents, a study from California reported no change in trends between the ages of 13-19
years'%. However, all-cause hospital admissions among youth with T2DM are more likely in general, compared
to youth without diabetes mellitus and those with TIDM!. The risks are consistently higher in the year prior to
diagnosis of T2DM, 1 year post-diagnosis, and 5 years post-diagnosis'.
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The observed increase in hospital admission rates from 2014 to 2018 is followed by a notable decline in 2019,
and then a sharp rise through 2021. We interpret these patterns in the context of broader healthcare system
dynamics, particularly the impact of the COVID-19 pandemic, which has been studied locally'®!”. The drop in
2019 and the subsequent fluctuations likely reflect changes in healthcare utilization during the pandemic period,
including reduced access to routine care, decreased monitoring of chronic conditions, and altered health-seeking
behavior among patients and families. These disruptions may have temporarily suppressed hospitalization rates,
especially among adolescents with T2DM, despite ongoing disease burden.

Adolescents from rural areas had a higher risk of all-cause hospital admissions compared to those from urban
areas (adjusted HR: 1.51, 95% CI: 1.04-2.20). This finding is consistent with other studies that have highlighted
disparities in healthcare access, socioeconomic status, and health literacy between rural and urban populations!s.
The presence of hypertension nearly doubled the risk of hospitalization (adjusted HR: 1.99, 95% CI: 1.04-3.79).
Hypertension is a common comorbidity in T2DM and contributes to an increased risk of complications and
hospitalizations'®. Both retinopathy (adjusted HR: 2.50, 95% CI: 1.56-4.02) and neuropathy (adjusted HR: 2.73,
95% CI: 1.06-2.83) were strongly associated with higher hospitalization risks. These complications reflect poor
glycemic control and advanced disease stages, underscoring the need for regular screening and early intervention
to prevent severe outcomes®.

There are several strengths to this study. Firstly, to our knowledge, this is the first study into the epidemiology
of T2DM among adolescents in Kazakhstan and all-cause hospitalizations in this cohort using aggregated
data from the nationwide digital healthcare registries, allowing for a more comprehensive look at these topics.
Secondly, this retrospective cohort study uses data collected continuously over the period of 8 years, which
benefited the analysis of trends over time.

This study has several limitations. The use of secondary data from UNEHS may be influenced by measurement
accuracy and documentation practices outside the researchers’ control. The diagnostic coding in the UNEHS
database is based on ICD-10 codes assigned by treating clinicians, and we were not able to independently
verify the accuracy of the recorded type 2 diabetes (T2D) diagnoses or the completeness of the data. A concern
arose that cases of type 1 diabetes may have been misclassified as type 2 diabetes. While such misclassification
is a recognized limitation in administrative datasets, it is generally more common in adults, where latent
autoimmune diabetes in adults and atypical presentations of type 1 diabetes may be misclassified as T2D?"22,
In contrast, type 1 diabetes is more common and more readily recognized in children, making misclassification
less likely in pediatric cases. Another limitation is that 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. The use of
secondary data also disallows identifying and addressing potential loss to follow-up. Lack of detailed clinical and
instrumental data limits the scope of our analysis. Additionally, as an observational study, causality cannot be
inferred from the associations observed. Finally, 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 T2DM in adolescents
in Kazakhstan. It sets the stage for further research to address these limitations and enhance our understanding
of this growing public health issue.

Conclusion

In conclusion, this study reveals a concerning rise in the incidence of T2DM among adolescents in Kazakhstan,
with rural residents and those with hypertension, retinopathy, and neuropathy being at particularly high risk
of all-cause hospital admissions after the diagnosis of T2DM. These findings underscore the need for targeted
public health interventions to prevent T2DM and its complications in adolescents, particularly in rural areas
where healthcare access may be limited. Improving diabetes management and preventive care will be essential in
reducing the burden of this chronic disease and ensuring better health outcomes for Kazakhstan’s youth.

Data availability

All data related to this study are available from the Republican Center for Electronic Health of the Ministry of
Health of the Republic of Kazakhstan, but restrictions apply to the availability of these data, which were used
under the contract agreement for the current study and are not publicly available. Data are, however, available
from the authors upon reasonable request and with permission from the Ministry of Health of the Republic of
Kazakhstan. Queries should be directed to- D.G. (d.galiyeva@nu.edu.kz).
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