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This study describes the incidence of asthma and all-cause hospital admissions among children in
Kazakhstan diagnosed between 2014 and 2021. In this retrospective cohort study, we included children
aged 0-17 years diagnosed with asthma (ICD-10 codes J45.x) and registered in the Unified National
Electronic Health System (UNEHS) during 2014-2021. In the outpatient asthma subgroup, we analyzed
asthma incidence rates per 100,000 population and all-cause hospitalization rates per 1,000 person-
years. Cox regression was used to assess hospitalization risks. The cohort included 53,463 children,
63.7% male, 47.9% aged 5-11 years, and 74.1% urban residents. The incidence rate ranged from 67.5
to 185.9 among boys and 38.2 to 115.7 among girls per 100,000 population, highest in the 5-11 age
group (308-351 cases). Among 31,525 outpatients, 915 (2.8%) were hospitalized, with an incidence
rate of 6.91 per 1,000 person-years. The 5-11 age group had a 2.59 times higher hospitalization risk
than the 0-4 age group. Respiratory infections, allergic rhinitis, and acute rhinosinusitis were the
factors associated with the highest risks of hospitalization (HRs: 14.48, 12.95, and 7.28, respectively).
The insights from this study enhance our understanding of asthma in Kazakhstan and offer valuable
lessons applicable to similar contexts globally.
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Background

Asthma is a non-communicable chronic inflammatory airway condition that is 3.3 times more common in
children under the age of 18 years than in adults’. It was estimated to affect 9.9-14.0 children per 1,000 population
in the USA, where the age group with the highest annual incidence of asthma was 0-4 years (23/1,000), followed
by 5-11 years (11.1/1,000), and 12-17 years (4.4/1,000)".

Globally, the incidence of asthma is highest in children under the age of 5, reaching 36% of all cases. The ages
of 5-19 years follow, cumulatively accounting for ~28% of all asthma cases?. The highest point prevalence of
asthma was observed in the age category of 5-9 years, reaching 57.2 and 45.1 cases per 1,000 population among
males and females, respectively®.

Asthma is a complex multifactorial condition associated with various intercurrent conditions and
complications that impact its severity and clinical intensity*. Commonly associated conditions of asthma include
allergic rhinitis, gastroesophageal reflux disease, obesity, diabetes mellitus, cardiovascular disease, chronic and
recurrent respiratory infections, and chronic obstructive pulmonary disease (COPD)**.

Nearly 50% of children with asthma experience acute episodes yearly, often resulting in hospital admissions®.
Pediatric hospitalizations constitute around 59% of all asthma-related hospitalizations’. The risk of subsequent
hospitalization is 33-50% higher in children with asthma than in pediatric patients with other diagnoses®.
Subsequent hospitalizations occur in approximately 15.6% of children with asthma within 1 year and are most
commonly due to asthma (73.9%), pneumonia (7.9%), acute respiratory infections (3.8%), and other lung
diseases (0.9%)°.
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In Kazakhstan, epidemiological research on asthma is limited and primarily focuses on a selected
population®-1°. These studies present several limitations, including small sample sizes, restricted generalizability
of the findings, and loss to follow-up. What can be inferred from these studies is that the continental climate in
Kazakhstan, characterized by severe temperature fluctuations, extended winter periods, dust storms, and high
levels of ambient particulate matter, contributes to an increased risk of asthma exacerbations. Additionally, there
are inefliciencies in the proper and timely diagnosis of asthma and the effective management of the condition.
These factors contribute to increased asthma-related hospital admissions. Beyond this, there is insufficient
research into asthma epidemiology in Kazakhstan, especially national-scale, population-based epidemiological
research on pediatric populations.

Beginning in 2014, the Unified National Electronic Health System (UNEHS) in Kazakhstan aggregated
nationwide administrative health data. The availability of patients’ medical records under inpatient and
outpatient care on a national scale creates an excellent opportunity to conduct retrospective population-based
research into the epidemiology of various conditions, including asthma, in pediatric populations. Using these
data, we aim to describe the incidence of asthma and all-cause hospital admissions among children with asthma
in Kazakhstan diagnosed between 2014 and 2021.

Methods

Study population

This retrospective cohort study included 0-17-year-old patients diagnosed with asthma and registered in the
inpatient or outpatient registry of the Unified National Electronic Health System (UNEHS) between January
1st, 2014, and December 31st, 2021. Individual patient records containing socio-demographic and clinical data
were extracted from the UNEHS database. Asthma diagnosis was defined using the International Classification
of Diseases 10 (ICD-10) as code J45.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), dates of birth,
diagnosis, date of death, date of admission, and date of discharge.

Outcome assessment

For each year of follow-up between 2014 and 2021, incidence rates per 100,000 population were estimated for
pediatric asthma patients by dividing the number of incident cases in a year by Kazakhstan’s total population
of ages 0-17 years in that year. The population parameters of Kazakhstan were obtained from the Statistics
Committee!!. The risk of all-cause hospital admissions was investigated in the outpatient subgroup of the cohort.
Incidence rates of all-cause hospital admissions were estimated per 1,000 person-years. The follow-up period
was defined from the date of asthma diagnosis to December 31st, 2021, or the date of the earliest hospitalization
due to all causes.

Statistical methods
Data were summarized as patient numbers and percentages for categorical variables. The median and interquartile
range (IQR) were used to summarize continuous variables. One-way ANOVA, Chi-Square, and Fisher’s exact
tests were used for bivariate analysis. Cox regression modeling produced crude and adjusted hazard ratios (HR)
with 95% confidence intervals (CI) corresponding to the associations between risk factors and the risk of 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. Nazarbayev
University Institutional Research Ethics Committee (NU-IREC) approved this project to be exempt from further
NU IREC oversight (NU-IREC 505/06122021). The study was performed according to international and local
ethics guidelines and regulations, as well as the Declaration of Helsinki.

Results

Figure 1 depicts a flowchart of cohort selection. From the inpatient and outpatient registries of the UNEHS
for 2014-2021, records of 132,410 and 62,746 patients were identified, respectively. After merging the patient
records into a single dataset and removing the records of patients 18 years of age and older, the final pediatric
cohort of 53,463 asthma patients was derived. Out of this, there were 21,322 inpatient and 32,141 outpatient
records.

Table 1 presents the baseline characteristics of the cohort in terms of sex, residence, hospitalizations, associated
conditions, and mortality stratified by age at diagnosis. Among the total cohort, 34,047 (63.7%) were male,
25,593 (47.9%) were of age 5-11 years at asthma diagnosis, 32,222 (74.1%) were urban residents, 21,322 (39.9%)
were hospitalized due to asthma at least once, and 73 (0.1%) died. The most common associated conditions were
respiratory infections, affecting 10,815 (20.2%) patients; allergic rhinitis, affecting 3,137 (5.9%) patients; acute
rhinosinusitis, affecting 638 (1.2%) patients; and atopic dermatitis, affecting 346 (0.7%) patients. A complication
of asthma considered in this study was respiratory failure, affecting 3,557 (6.7%) patients. Respiratory infections
were more common in younger patients, affecting 5,700 (31.4%) patients of age 04 years, 4,335 (16.9%) patients
of age 5-11 years, and 780 (8.0%) patients of age 12-17 years. Median follow-up was 334 days (122-826).

The incidence of asthma in the cohort was relatively consistent between 2014 and 2019, fluctuating between
149.7 and 185.9 cases per 100,000 population among boys and between 91.1 and 115.7 cases per 100,000
population among girls (Fig. 2). In 2020-2021, the estimates decreased to 94.0-67.5 cases and 55.0-38.2 cases per
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Fig. 1. Flowchart of cohort selection of pediatric patients with asthma registered in UNEHS in 2014-2021.

100,000 population among boys and girls, respectively. The incidence of asthma was consistently higher among
boys by approximately 60-80%, compared to girls.

Figure 3 illustrates asthma incidence rates with stratification by year of diagnosis and age category. The
highest incidence was found in the age groups of 5-11 years, fluctuating between 308 and 351 cases per 100,000
population between 2014 and 2019, dropping to 170 and 111 cases per 100,000 population in 2020 and 2019,
respectively. The incidence estimates were the lowest in the age groups of 12-17 years, ranging between 191 and
235 cases per 100,000 population between 2014 and 2019 and 84 — 58 cases in 2020-2021.

The incidence rates of all-cause hospital admissions per 1,000 person-years in the outpatient cohort for each
year are depicted in Figs. 4 and 5, with stratification by sex and age category, respectively. The estimates did not
differ substantially between boys and girls, ranging from 5.6 to 17.2 cases per 1,000 person-years with an upward
trend. Between 2014 and 2019, 5-11-year-old patients had the highest incidence of all-cause hospitalization,
ranging from 9.4 to 10.2 cases per 1,000 person-years. In 2020-2021, the hospitalization rates were higher in
the age groups of 0-4 and 12-17 years, reaching 15.8-18.5 and 11.3-20.1 cases 1,000 person-years, respectively.

As presented in Table 2, the risk factors significantly associated with the risk of all-cause hospital admissions
were age and related conditions. The age category of 5-11 years had a 2.59 times higher risk of hospital admissions
due to all causes than the age category of 0-4 years (95% CI: 2.10-3.19, p <0.001). The presence of respiratory
infections was associated with a 14.48 times higher risk of hospitalization (95% CI: 12.34-16.11, p<0.001),
allergic rhinitis — with a 12.95 times higher risk (95% CI: 10.41-16.11, p <0.001), and acute rhinosinusitis — with
a 7.28 times higher risk (95% CI: 4.65-11.39, p<0.001).

Discussion

This study provided an overview of asthma incidence in children in Kazakhstan based on the aggregated patient
data from the Unified National Electronic Healthcare System (UNEHS) for 2014-2021. The results showed
that the incidence of asthma was higher among boys and the age group of 5-11 years. The incidence rates
remained relatively consistent in 2014-2019 but decreased considerably in 2020-2021 for all patient subgroups
in the cohort. Respiratory infections, allergic rhinitis, acute rhinosinusitis, and atopic dermatitis were the
most common associated conditions in the cohort. In the outpatient asthma subgroup, 915 (2.8%) patients
had all-cause hospitalizations over the follow-up period after the diagnosis of asthma. The analysis of all-cause
hospitalizations in the outpatient asthma subgroup yielded estimates of incidence, common causes, and risk
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Total 0-4 years 5-11 years 12-17 years p-value
Total 53,463 18,131 (33.9) | 25,593 (47.9) | 9739 (18.2)
Sex, N (column %)
Female 19,416 (36.3) | 6369 (35.1) | 9259 (36.2) 3788 (38.9) <0.001
Male 34,047 (63.7) 11,762 (64.9) | 16,334 (63.8) | 5951 (61.1)
Residence, N (column %)
Urban 32,222 (74.1) | 10,218 (75.4) | 15,817 (73.5) | 6187 (73.8) <0.001
Rural 11,250 (25.9) | 3334 (24.6) 5716 (26.6) 2200 (26.2)
Registry, N (column %)
Outpatient 32,141 (60.1) | 11,457 (63.2) | 14,748 (57.6) | 5936 (61.0) <0.001
Inpatient 21,322 (39.9) | 6674 (36.8) 10,845 (42.4) | 3803 (39.1)
Associated conditions, N (column %)
Respiratory infections (J09-J21) 10,815 (20.2) | 5700 (31.4) 4335 (16.9) 780 (8.0) <0.001
Allergic rhinitis (J30) 3137 (5.9) 360 (2.0) 1989 (7.8) 788 (8.1) <0.001
Acute rhinosinusitis (J01) 638 (1.2) 137 (0.8) 371 (1.5) 130 (1.3) <0.001
Atopic dermatitis (L20) 346 (0.7) 128 (0.7) 182 (0.7) 36 (0.4) 0.001
Complications, N (column %)
Respiratory failure (J96) 3557 (6.7) 1344 (7.4) 1627 (6.4) 586 (6.0) <0.001
Death, N (column %)
No 53,390 (99.9) | 18,100 (99.8) | 25,569 (99.9) | 9721 (99.8) 0.036
Yes 73(0.1) 31(0.2) 24(0.1) 18 (0.2)
All-cause hospitalizations in the outpatient cohort, N (%)
No 31,610 (97.2) | 8529 (98.1) |17,193(96.2) | 5888 (98.8) <0.001
Yes 915 (2.8) 164 (1.9) 678 (3.8) 73 (1.2)
Median time to all-cause hospitalization in the outpatient cohort, days (IQR) | 334 (122-826) | 210 (79-552) | 372 (133-899) | 381 (119-1135) 0.011
Causes for hospitalization in the outpatient cohort, N (%)
Allergic asthma (J45.0) 326 (35.6) 36 (22.0) 269 (39.7) 21 (28.8) <0.001
Mixed asthma (J45.8) 121 (13.2) 11 (6.7) 98 (14.5) 12 (16.4) 0.022
Bacterial pneumonia (J15.8) 65 (7.1) 19 (11.6) 45 (6.6) 1(1.4) 0.012
Acute bronchitis due to other specified organisms (J20.8) 37 (4.0) 14 (8.5) 21 (3.1) 2(2.7) 0.010

Table 1. Baseline characteristics of pediatric patients with asthma registered in UNEHS in 2014-2021.
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Fig. 2. Incidence rates per 100,000 population stratified by sex & year of diagnosis.
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Fig. 3. Incidence rates per 100,000 population stratified by age category & year of diagnosis.
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Fig. 4. Incidence rates of all-cause hospitalization per 1,000 person-years stratified by sex & year of diagnosis.

factors associated with all-cause hospitalizations in this subgroup. This is Kazakhstan’ first study on this topic,
which was performed nationally, utilizing extensive administrative health data from the UNEHS.

Compared to a similar retrospective pediatric cohort study conducted in the USA in 2008-2011, the
percentage of male patients in our cohort (63.7%) was identical to theirs (61.1%), and the largest age group
was 5-11 years (47.9%) in our cohort, similarly to theirs (46.5%)"2. The incidence of asthma has been observed
to be higher among boys in the age category of 0-17 years'®. However, the incidence and severity of asthma
tend to be higher among women compared to men in adult populations'®. The mechanisms underlying these
differences are not fully understood but are linked to sex hormones, where ovarian hormones increase, and
testosterone decreases airway inflammation in asthma'®. Additionally, pre-adolescent boys tend to have smaller
airways relative to lung size than girls. This pattern reverses during adolescence and is possibly associated with
the differences in the incidence of asthma in these groups'. In terms of age, the higher incidence of asthma in
the category of 5-11 years compared to 12-17 years may be attributed to a weaker immune system and lower
self-management abilities in younger children, making them more vulnerable to upper respiratory infections,
which significantly contribute to childhood asthma!®. Compared to the age category of 04 years, the higher
incidence in the 5-11 years category may be more attributable to diagnostic challenges. In the youngest age
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Fig. 5. Incidence rates of all-cause hospitalization per 1,000 person-years stratified by age & year of diagnosis.

Crude HR (95% CI) | p-value | Adjusted HR (95% CI) | p-value
Sex
Male Ref. Ref.
Female 0.99 (0.87-1.14) 0.915 | 1.06 (0.91-1.23) 0.471
Age category
0-4 Ref. Ref.
5-11 1.98 (1.67-2.35) <0.001 |2.59(2.10-3.19) <0.001
12-17 0.61 (0.46-0.81) <0.001 | 0.83(0.59-1.17) 0.293
Residence
Urban Ref. Ref.
Rural 1.20 (1.01-1.43) 0.038 | 1.16 (0.97-1.39) 0.095
Associated conditions
Respiratory infections (J09-J21) | 14.29 (12.49-16.35) | <0.001 | 14.48 (12.34-16.98) <0.001
Allergic rhinitis (J30) 9.86 (8.13-11.95) <0.001 |12.95(10.41-16.11) <0.001
Acute rhinosinusitis (J01) 56.26 (40.27-78.60) | <0.001 | 7.28 (4.65-11.39) <0.001
Atopic dermatitis (L20) 0.98 (0.51-1.88) 0.944 | 1.59 (0.79-3.20) 0.193

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

group, the diagnosis is primarily based on clinical judgment and assessment of the symptoms, especially because
episodic respiratory symptoms like wheezing and cough are also common in children without asthma in this
age group'’. As such, the difficulty of reliably diagnosing asthma at this age may result in a substantial portion
of children presenting the symptoms to be assigned diagnoses other than asthma. Urban residents were more
prevalent, constituting 74.1% of the cohort. This may be attributed to the higher levels of air pollution in urban
settings, such as traffic-related air pollution and indoor pollutants, as well as prolonged exposure, which is a
notable risk factor for the development of asthma!®1°,

Our cohorts most common associated conditions were respiratory infections, allergic rhinitis, acute
rhinosinusitis, and atopic dermatitis. In other studies, allergic rhinitis was estimated to affect up to 60% of patients
with asthma®. In our cohort, allergic rhinitis affects a considerably lower estimate of 5.9% of patients. Respiratory
infections are strongly correlated with asthma since upper (URTI) and lower respiratory tract infections (LRTT)
are diagnosed in 42.8% and 16.5% of patients within 1 year preceding a diagnosis of asthma!2 Our study found
that a respiratory infection diagnosis was made for 20.2% of asthma patients over the follow-up period. High
rates of respiratory infections among younger patients can be attributed to immature immune systems, which
translate into susceptibility to infections and exacerbate asthma symptoms!®. Approximately 4-7% of asthma
patients require intensive care unit (ICU) admission, a significant cause of which is respiratory failure?. In our
study, a diagnosis of respiratory failure was made for 6.7% of patients. Acute rhinosinusitis, while potentially an
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independent condition, can be a complication in the context of asthma that further exacerbates the symptoms
and leads to a higher risk of subsequent hospitalization.

The relatively consistent trends in asthma incidence rates in 2014-2019, followed by a considerable decline
in 2020-2021, likely reflect the impact of the COVID-19 pandemic?":?2. Public health measures implemented
at that time, such as lockdowns, wearing of masks, and reduced exposure to allergens and other environmental
triggers, may have contributed to the decline in asthma diagnoses. Additionally, lower availability and lower
utilization of healthcare services may have contributed to the lower estimates.

The observed increase in the rate of all-cause hospital admissions during 2020-2021 is likely linked to
the COVID-19 pandemic. Numerous studies indicate that asthma is a significant risk factor for increased
hospitalization due to COVID-19?>24, In settings with early strict lockdowns, a decrease in hospital visits and
a potential decline in the effective management of chronic conditions like asthma may have resulted in a surge
in admissions as restrictions were lifted and postponed care was sought, thus contributing to the increased
hospitalization risk among asthmatic children.

The risk of all-cause hospital admissions was significantly associated with age and the presence of respiratory
infections, allergic rhinitis, and acute rhinosinusitis. Children with asthma receiving outpatient care at the age of
5-11 years are at 2.59 times higher risk of subsequent all-cause hospital admissions compared to the age category
of 0—4 years. This may be due to the higher exposure to environmental triggers and respiratory infections at that
age while still having less than fully mature immune systems. In patients with respiratory infections, allergic
rhinitis, and acute rhinosinusitis, the risks of hospitalization are 14.48 times, 12.95 times, and 7.28 times higher,
respectively. These associated conditions can cause inflammation and obstruction in the airways, leading to a
higher likelihood of a child with asthma requiring hospitalization.

This study has several limitations. Firstly, it relies on secondary data, which is subject to measurement
accuracy and documentation practices outside the researchers' control. Another significant issue is the lack of
information on therapies, clinical data, and instrumental data, which restricts the methodological approaches
available for data analysis. Although efforts were made to account for potential confounders, it is recognized that
there may still be residual confounding from unmeasured or unknown factors. As this is an observational study,
we cannot draw any conclusions about causality.

Despite these limitations, this study offers valuable insights into asthma incidence among children in
Kazakhstan. It lays the groundwork for additional research to tackle these limitations and enhance our
understanding of the subject.

Conclusion

The incidence of asthma was higher among boys aged 5 to 11 years and remained relatively consistent from
2014 to 2019, decreasing substantially in 2020 and 2021, potentially reflecting the impact of the COVID-19
pandemic. Respiratory infections, allergic rhinitis, acute rhinosinusitis, and atopic dermatitis were the most
common associated conditions in the cohort. The risk of all-cause hospitalizations in the outpatient subgroup
was significantly elevated in the 5 to 11 age group and among patients with comorbid conditions. Acute
sinusitis, allergic rhinitis, and respiratory infections were associated with the highest risk of hospital admissions
in children with asthma. These findings underscore the need for targeted asthma management strategies that
address demographic factors and associated condition-related risks. The insights from this study enhance our
understanding of asthma in Kazakhstan and offer valuable lessons that can be applied to similar contexts globally.
Effective pediatric asthma care requires comprehensive approaches that integrate the management of commonly
associated conditions to reduce hospitalization risks and improve overall outcomes. Ongoing research is essential
to refine asthma care strategies and ensure that children in Kazakhstan and elsewhere receive optimal, evidence-
based care. This will help mitigate the burden of asthma and enhance the quality of life for affected children
worldwide.

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 so 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 the PI of the project - D.G. (d.galiyeva@nu.edu.kz).

Received: 5 July 2024; Accepted: 11 March 2025
Published online: 15 March 2025

References

1. Winer, R. A,, Qin, X., Harrington, T., Moorman, J. & Zahran, H. Asthma incidence among children and adults: findings from the
behavioral risk factor surveillance system asthma Call-back Survey—United States, 2006-2008. J. Asthma. 49, 16-22. https://doi.o
rg/10.3109/02770903.2011.637594 (2012).

2. Mattiuzzi, C. & Lippi, G. Worldwide asthma epidemiology: insights from the global health data exchange database. Int. Forum
Allergy Rhinol. 10, 75-80. https://doi.org/10.1002/alr.22464 (2020).

3. Wang, Z. et al. Global, regional, and National burden of asthma and its attributable risk factors from 1990 to 2019: a systematic
analysis for the global burden of disease study 2019. Respir Res. 24, 169. https://doi.org/10.1186/s12931-023-02475-6 (2023).

4. Cazzola, M., Rogliani, P, Ora, ], Calzetta, L. & Matera, M. G. Asthma and comorbidities: recent advances. Pol. Arch. Intern. Med.
132, 16250. https://doi.org/10.20452/pamw.16250 (2022).

5. Boulet, L. P. & Boulay, M. E. Asthma-related comorbidities. Expert Rev. Respir Med. 5, 377-393. https://doi.org/10.1586/ers.11.34
(2011).

Scientific Reports |

(2025) 15:8985 | https://doi.org/10.1038/s41598-025-94066-2 nature portfolio


https://doi.org/10.3109/02770903.2011.637594
https://doi.org/10.3109/02770903.2011.637594
https://doi.org/10.1002/alr.22464
https://doi.org/10.1186/s12931-023-02475-6
https://doi.org/10.20452/pamw.16250
https://doi.org/10.1586/ers.11.34
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.
23.

24.

Ac

. Shaw, M. R., Daratha, K. B., Odom-Maryon, T. & Bindler, R. C. Pediatric patients with asthma: a high-risk population for

subsequent hospitalization. J. Asthma. 50, 548-554. https://doi.org/10.3109/02770903.2013.790414 (2013).

. Lee, T. Y. et al. 16-year trends in asthma hospital admissions in Canada. Ann. Allergy Asthma Immunol. 129, 475-480e2. https://d

oi.org/10.1016/j.anai.2022.06.022 (2022).

. Nugmanova, D. et al. The prevalence, burden and risk factors associated with bronchial asthma in Commonwealth of independent

States countries (Ukraine, Kazakhstan and Azerbaijan): results of the CORE study. BMC Pulm Med. 18, 67. https://doi.org/10.118
6/$12890-018-0676-7 (2018).

. Vinnikov, D. et al. Asthma control in Kazakhstan: need for urgent action. BMC Pulm Med. 23, 7. https://doi.org/10.1186/s12890-0

22-02287-2 (2023).

Kosherbekov, Y. et al. Study of Kazakhstan inpatient childhood asthma: assessment of prevalence and factors influencing treatment
adherence. Alergia Astma Immunologia. 27, 94-103 (2022). https://bibliotekanauki.pl/articles/2153577.pdf

National Bureau of Statistics of the Republic of Kazakhstan. Demographic Yearbook of Kazakhstan. (Republic of Kazakhstan
Strategic Planning and Reform Agency, Nur-Sultan, Kazakhstan. (2023). Available from: https://stat.gov.kz/en/ [Accessed 27 April
2024].

Rantala, A. K, Jaakkola, M. S., Makikyrd, E. M., Hugg, T. T. & Jaakkola, J. J. Early respiratory infections and the development of
asthma in the first 27 years of life. Am. J. Epidemiol. 182, 615-623. https://doi.org/10.1093/aje/kwv093 (2015).

Honkamaki, J. et al. Age- and gender-specific incidence of new asthma diagnosis from childhood to late adulthood. Respir Med.
154, 56-62. https://doi.org/10.1016/j.rmed.2019.06.003 (2019).

Fuseini, H. & Newcomb, D. C. Mechanisms driving gender differences in asthma. Curr. Allergy Asthma Rep. 17, 19. https://doi.or
¢/10.1007/s11882-017-0686-1 (2017).

Papi, A., Brightling, C., Pedersen, S. E., Reddel, H. K. & Asthma Lancet 391, 783-800 https://doi.org/10.1016/S0140-6736(17)333
11-1 (2018).

Martinez, E D. Respiratory syncytial virus bronchiolitis and the pathogenesis of childhood asthma. Pediatr. Infect. Dis. J. 22,
S76-82. https://doi.org/10.1097/01.inf.0000053889.39392.a7 (2003).

Castro-Rodriguez, J. A., Holberg, C. J., Wright, A. L. & Martinez, E. D. A clinical index to define risk of asthma in young children
with recurrent wheezing. Am. J. Respir Crit. Care Med. 162, 1403-1406. https://doi.org/10.1164/ajrccm.162.4.9912111 (2000).
Jung, C. R, Chen, W. T,, Tang, Y. H. & Hwang, B. F. Fine particulate matter exposure during pregnancy and infancy and incident
asthma. J. Allergy Clin. Immunol. 143, 2254-2262e5. https://doi.org/10.1016/j.jaci.2019.03.024 (2019).

Khreis, H. et al. Exposure to traffic-related air pollution and risk of development of childhood asthma: a systematic review and
meta-analysis. Environ. Int. 100, 1-31. https://doi.org/10.1016/j.envint.2016.11.012 (2017).

Rodrigo, G. J., Rodrigo, C. & Hall, J. B. Acute asthma in adults: a review. Chest 125, 1081-1102. https://doi.org/10.1378/chest.125.
3.1081 (2004).

Chelabi, K., Osmanlliu, E., Gravel, ]., Drouin, O. & Tse, S. M. The effect of the COVID-19 pandemic on pediatric asthma-related
emergency department visits and hospital admissions in Montréal, Quebec: a retrospective cohort study. CMAJ Open. 11, E152-
E159. https://doi.org/10.9778/cmajo.20220072 (2023).

Navalpakam, A., Secord, E. & Pansare, M. The impact of coronavirus disease 2019 on pediatric asthma in the united States. Pediatr.
Clin. North. Am. 68, 1119. https://doi.org/10.1016/j.pcl.2021.05.012 (2021).

Gaietto, K. et al. Asthma as a risk factor for hospitalization in children with COVID-19: a nested case-control study. Pediatr. Allergy
Immunol. 33, €13696. https://doi.org/10.1111/pai.13696 (2022).

Graff, K. et al. Risk factors for severe COVID-19 in children. Pediatr. Infect. Dis. ]. 40, e137. https://doi.org/10.1097/INF.00000000
00003043 (2021).

knowledgements

Not applicable.

Author contributions

D.S. - dataset preparation, data analysis, and manuscript writing, K.M. - assistance with dataset preparation and
data analysis, D.P. - participation in developing the study design and manuscript revision, A.G. - acquisition of
data and supervision, D.G. - primary investigator, corresponding author, development of study design, revisions.

Fundin

The studyg was supported by a grant from the Ministry of Science and Higher Education of the Republic of Ka-
zakhstan 2022-2024 (Funder Project Reference: AP13067915). The funder had no role in the study design, data
collection and analysis, publication decision, or manuscript preparation. DG is the study’s PI. We are grateful for
financial support from the School of Medicine, Nazarbayev University, covering the publication costs.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

Nazarbayev University Institutional Research Ethics Committee (NU-IREC) approved this project to be
exempt from further NU IREC oversight (NU-IREC 505/06122021). The NU-IREC waived the need for
informed consent as the study involved the analysis of anonymized secondary data from the Unified National
Electronic Health System (UNEHS). The study was performed according to international local ethics
guidelines and regulations and the Declaration of Helsinki.

Additional information
Correspondence and requests for materials should be addressed to D.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2025) 15:8985

| https://doi.org/10.1038/s41598-025-94066-2 nature portfolio


https://doi.org/10.3109/02770903.2013.790414
https://doi.org/10.1016/j.anai.2022.06.022
https://doi.org/10.1016/j.anai.2022.06.022
https://doi.org/10.1186/s12890-018-0676-7
https://doi.org/10.1186/s12890-018-0676-7
https://doi.org/10.1186/s12890-022-02287-2
https://doi.org/10.1186/s12890-022-02287-2
https://bibliotekanauki.pl/articles/2153577.pdf
https://stat.gov.kz/en/
https://doi.org/10.1093/aje/kwv093
https://doi.org/10.1016/j.rmed.2019.06.003
https://doi.org/10.1007/s11882-017-0686-1
https://doi.org/10.1007/s11882-017-0686-1
https://doi.org/10.1016/S0140-6736(17)33311-1
https://doi.org/10.1016/S0140-6736(17)33311-1
https://doi.org/10.1097/01.inf.0000053889.39392.a7
https://doi.org/10.1164/ajrccm.162.4.9912111
https://doi.org/10.1016/j.jaci.2019.03.024
https://doi.org/10.1016/j.envint.2016.11.012
https://doi.org/10.1378/chest.125.3.1081
https://doi.org/10.1378/chest.125.3.1081
https://doi.org/10.9778/cmajo.20220072
https://doi.org/10.1016/j.pcl.2021.05.012
https://doi.org/10.1111/pai.13696
https://doi.org/10.1097/INF.0000000000003043
https://doi.org/10.1097/INF.0000000000003043
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports|  (2025) 15:8985 | https://doi.org/10.1038/s41598-025-94066-2 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿All-cause hospital admissions and incidence of asthma in children in Kazakhstan: a population-based retrospective cohort study
	﻿Background
	﻿Methods
	﻿Study population
	﻿Exposures and covariates
	﻿Outcome assessment

	﻿Statistical methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


