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Objective

This study investigates the epidemiological trends of childhood type 1 diabetes (T1D) in China and establishes predictive models to estimate future disease burden.





Methods

Temporal trend analyses were performed using data from the Global Burden of Disease (GBD) database, stratified by age and sex. Joinpoint regression analysis was applied to evaluate changes in incidence and mortality rates from 1990 to 2021, complemented by autoregressive integrated moving average (ARIMA) and exponential smoothing state space (ETS) models to project disease trends through 2040.





Results

The results indicate a rising trend in the incidence of childhood T1D among Chinese children aged 0-14 years, alongside an overall decline in mortality, reflecting an epidemiological pattern characterized by low incidence yet non-negligible mortality. Notably, infants < 1 year of age have shown increasing mortality rates in recent years. Projections indicate that both incidence and mortality in this age group will continue to increase through 2040. Additionally, incidence among children 1 year of age also expected to persist on an upward trajectory. Sex-based disparities were evident, with girls bearing a higher disease burden than boys, as indicated by elevated incidence, mortality and underdiagnosis rates.





Conclusion

These findings necessitate enhanced public health and clinical management strategies for childhood T1D in China, specifically targeting underdiagnosis reduction, incidence rate stabilization, and mortality rate improvement.
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1 Introduction

Diabetes mellitus is a chronic, insidious-onset metabolic disorder and represents one of the most prevalent endocrine diseases among children globally (1). It predominantly manifests in two forms: T1D and type 2 diabetes (T2D). T1D is an autoimmune condition marked by the destruction of pancreatic β-cells, resulting in absolute insulin deficiency and persistent hyperglycemia (2). In contrast, T2D is characterized by a combination of insulin resistance and impaired insulin secretion due to β-cell dysfunction (3), in adult populations (2), however, T1D remains the predominant form of diabetes among children aged 0–14 years (4). Childhood-onset T1D is associated with an elevated risk of acute and long-term complications, increased morbidity and mortality, and significant psychological and socioeconomic burdens for both patients and their families (1).

The global incidence of childhood T1D has demonstrated a sustained upward trend (5). Numerous international studies (4, 6–8) have documented considerable regional variations in the prevalence of T1D among children under the age of 15. These disparities are largely attributed to differences in population characteristics, including genetic predisposition, environmental exposures, lifestyle factors, hygiene standards, and the prevalence of childhood infections. Although several international studies (1, 9, 10) have consistently indicated relatively low incidence rates of childhood T1D in China, the country’s vast population, extensive and geographically complex terrain, uneven distribution of healthcare resources, and high rates of underdiagnosis and misdiagnosis of childhood diabetes pose significant challenges (11–13). Additionally, childhood diabetes is not yet included in China’s essential public health services. Therefore, gaining a deeper understanding of the epidemiology of childhood diabetes in China remains highly meaningful.

Epidemiological studies on childhood T1D are relatively comprehensive in Europe (6, 14–19), whereas data from China remain limited. Some investigations have analyzed the epidemiology of childhood T1D based on local data, focusing on specific regions (20–25). Additionally, several studies have utilized the GBD database to assess the burden of T1D across the entire Chinese population (26–29). Building upon current evidence, this study analyzes the characteristics of childhood T1D in China using the GBD database, aiming to provide additional data-driven insights into the epidemiology of childhood diabetes in China. The GBD study constitutes a comprehensive and systematic evaluation of published literature and publicly available data, including contributed datasets, on the incidence, prevalence, and mortality of a wide range of diseases and injuries (30). Utilizing data from the GBD 2021 database, this study investigates age-specific epidemiological patterns of childhood T1D in China and projects incidence and mortality trends over the next 15 years. These findings will contribute to a more detailed and systematic comprehension of childhood T1D epidemiology in China, facilitating the development of evidence-based approaches for early detection, prompt clinical management, and ultimately the reduction of both mortality and disease burden.




2 Methods



2.1 Data sources

Data for this study were obtained from the GBD 2021 database, which is publicly available through the Institute for Health Metrics and Evaluation (IHME) at the University of Washington. The GBD study represents a comprehensive initiative designed to quantify the global burden of 369 diseases and injuries, along with 87 associated risk factors, across 204 countries and territories.

T1D-related data were extracted using the Global Health Data Exchange (GHDx) query tool (available at https://vizhub.healthdata.org/gbd-results/). The analysis focused on four primary metrics: incidence, prevalence, mortality, and disability-adjusted life years (DALYs) among children aged 0–14 years in China from 1990 to 2021. All estimates were accompanied by 95% uncertainty intervals (95% UIs) in accordance with the standard GBD methodology (30).

To conduct time-trend analyses stratified by sex and age groups, retrieved the aforementioned data metrics separately by sex and across five age categories (<1 year, 12–23 months, 2–4 years, 5–9 years, and 10–15 years).

To enable comparisons with global data and regions at different socioeconomic development levels, extracted data on T1D among children aged 0–14 years from Global and five SDI-stratified regions.

All GBD estimates are publicly available and adhere to the Guidelines on Accurate and Transparent Health Estimate Reporting (31). This research received ethical approval from the Institutional Review Board of Shunyi Maternal and Children’s Hospital of Beijing Children’s Hospital (Approval No. 2021-01).




2.2 Diagnostic criteria for T1D in Chinese children

The publicly available estimates of diabetes burden (inclusive of type 1 and type 2) in GBD, were derived from a comprehensive synthesis of diverse data sources, including national health surveys, vital registration systems, population censuses, clinical informatics, administrative health records, and peer-reviewed scientific literature. Within the GBD database, cases of T1D are specifically identified through physician diagnoses, as documented in diabetes registries or hospital medical records (32).

Diagnostic criteria for diabetes in Chinese children. If typical diabetes symptoms are present (e.g., polydipsia, polyuria, polyphagia, or unexplained weight loss), diabetes can be diagnosed if any one of the following four criteria is met: (1) Fasting plasma glucose (FPG) ≥ 126 mg/dL (≥ 7.0 mmol/L); (2) 2-hour plasma glucose ≥ 200 mg/dL (≥ 11.1 mmol/L) during an oral glucose tolerance test (OGTT); (3) HbA1c ≥ 6.5% (≥ 48 mmol/mol); (4) Random plasma glucose ≥200 mg/dL (≥ 11.1 mmol/L). For asymptomatic individuals meeting the above criteria, confirmation through repeat testing on another day is recommended (32–35).

Classification Process for T1D. First, exclude specific types of diabetes, if glutamic acid decarboxylase antibody (GADA) testing is positive, the diagnosis is autoimmune T1D. Second, GADA-negative but clinical suspicion for T1D remains (diagnosed at < 35 years of age, BMI <25 kg/m², unintentional weight loss, presence of diabetic ketoacidosis, markedly elevated blood glucose levels at disease onset requiring immediate insulin therapy, or concomitant family history of T1D/personal history of autoimmune disorders), additional testing for protein tyrosine phosphatase antibody (IA-2A), zinc transporter 8 autoantibody (ZnT8A) and insulin autoantibody (IAA, patients who have never used insulin or have been on insulin therapy for less than 2 weeks) should be performed. If any of these antibodies are positive, the diagnosis is autoimmune T1D. Third, if all the above results are negative, including genetic testing, but clinical suspicion for T1D remains, monitor C-peptide levels. If random C-peptide is < 200 pmol/L (< 0.6 ng/mL) within 3 years of disease onset, consider idiopathic T1D (32–35).

However, classification can sometimes be challenging during the early stages of the disease. If the subtype cannot be immediately determined, a provisional classification may be assigned initially, with subsequent reassessment and definitive typing based on the patient’s response to treatment and the progression of clinical manifestations (33).




2.3 Sociodemographic Index

The Socio-demographic Index (SDI) is a composite indicator that incorporates per capita income, average educational attainment, and total fertility rate. It ranges from 0 to 1, with higher values reflecting greater levels of socioeconomic development. Based on SDI scores, the 204 countries included in the GBD study are classified into five categories: high SDI (>0.81), high-middle SDI (0.69-0.80), middle SDI (0.61-0.68), low-middle SDI (0.46-0.60), and low SDI (<0.46) (30).




2.4 Statistical analysis

The primary indicators used to assess the burden of childhood T1D included incidence, prevalence, mortality, DALYs and their respective age-standardized rates. The age-standardized incidence rate (ASIR), age-standardized prevalence rate (ASPR), age-standardized mortality rate (ASMR), and age-standardized DALY rate (ASDR) were utilized to account for differences in population age structures and to facilitate comparisons across studies and regions. The total percentage change (TPC) is sourced directly from the GHDx query tool.

To evaluate temporal trends in these indicators from 1990 to 2021, Joinpoint regression analysis was employed to estimate the annual percent change (APC). A positive APC value indicates an increasing trend, whereas a negative value reflects a decreasing trend over time. Joinpoint regression analyses were conducted using Joinpoint software (version 5.0.2) developed by the National Cancer Institute (NCI), United States. The optimal number of joinpoints (i.e., linear segments) was determined through permutation testing, with a maximum of seven joinpoints allowed.

Autoregressive integrated moving average (ARIMA) model and exponential smoothing state space (ETS) model -incorporating error, trend, and seasonal components-were utilized to forecast these trends from 2022 to 2040. ARIMA models were applied to forecast the ASIR and ASMR of childhood T1D in China for various age groups from 2022 to 2040. ARIMA modeling was performed using the “forecast” package in R (version 4.4.1). The modeling procedure was conducted as follows: first, the built-in ‘auto.arima’ function was employed to identify the optimal ARIMA model through an automated search algorithm. The statistical significance of the model was then verified using the Ljung-Box test at a 0.05 confidence level, with simultaneous calculation of AIC/BIC values to ensure model validity. Subsequently, the ARIMA model was applied for future trend prediction. To enhance the robustness of forecasting results, we additionally constructed an ETS (M,Ad,N) model within the same computational environment. Both models underwent rigorous diagnostic checking, including Ljung-Box tests and AIC/BIC calculations. When both ARIMA and ETS (M,Ad,N) models passed the significance tests, final model selection was determined by comparing their information criteria, with the model exhibiting lower AIC/BIC values being adopted as the optimal choice for predictive analysis.





3 Results



3.1 Childhood T1D burden and trends among children aged 0–14 in China

In 2021, an estimated 68,816 (95% uncertainty interval UI: 41,844-102,160) cases of childhood T1D were reported in China, including 10,559 (95% UI: 6,556-15,807) newly diagnosed cases. Approximately 100 (95% UI: 72-140) deaths and 11,648 (95% UI: 8,794-15,522) DALYs were also recorded. Relative to 1990, the ASIR increased marginally by 0.38% (95% UI: 0.36-0.41), whereas the ASMR declined by 5.46% (95% UI: -5.77 to -5.17). The ASPR rose by 0.28% (95% UI: 0.24-0.31), while the ASDR decreased by 4.57% (95% UI: -4.64 to -4.50).

Incidence rates of childhood T1D demonstrated significant variation across age groups (Table 1). Higher ASIRs were observed among older children, with the peak incidence recorded in the 5–9 years age group at 4.79 (95% UI: 2.53-7.70) per 100,000 population. In comparison to 1990, incidence rates increased among children aged < 2 years and those aged 10–14 years, whereas a decline was noted among children aged 2–9 years. Notably, the ASIR for infants < 1 year increased markedly by 1.79% (95% UI: 1.73-1.85).


Table 1 | Burden and trends of childhood T1D across different age groups in China, 2021.
	Index
	< 1 y
	1 y
	2–4 y
	5–9 y
	10–14 y
	0–14 y



	Incidence (95%UI 1)
	Count
	71.67 (25.08, 146.58)
	223.28 (110.62, 382.88)
	1856.62 (690.39, 3325.25)
	4584.62 (2418.57, 7373.44)
	3823.02 (1508.59, 6566.59)
	10559.21 (6555.45, 15806.62)


	ASIR
	0.62 (0.22, 1.28)
	1.69 (0.84, 2.89)
	3.51 (1.30, 6.28)
	4.79 (2.53, 7.70)
	4.44 (1.75, 7.62)
	4.07 (2.52, 6.09)


	TPC2of ASIR
	1.79 (1.73, 1.85)
	0.86 (0.83, 0.89)
	-0.06 (-0.10, -0.03)
	-0.05 (-0.07, -0.01)
	0.75 (0.71, 0.77)
	0.38 (0.36, 0.41)


	Prevalence (95%UI)
	Count
	25.53 (8.95, 52.23)
	189.20 (83.85, 350.22)
	3669.87 (1780.01, 6021.03)
	23739.69 (12814.11, 38888.78)
	41191.44 (25239.94, 61981.43)
	68815.74 (41843.54, 102159.76)


	ASPR
	0.22 (0.08, 0.45)
	1.43 (0.63, 2.64)
	6.93 (3.36, 11.37)
	24.79 (13.38, 40.61)
	47.79 (29.28, 71.91)
	26.51 (16.12, 39.35)


	TPC of ASPR
	1.71 (1.59, 1.82)
	1.26 (1.22, 1.29)
	0.34 (0.30, 0.37)
	-0.011 (-0.04, 0.02)
	0.11 (0.09, 0.15)
	0.28 (0.24, 0.31)


	Mortality (95%UI)
	Count
	18.34 (12.79, 26.28)
	9.56 (6.40, 14.03)
	5.87 (3.89, 8.42)
	28.45 (19.71, 40.19)
	37.96 (27.65, 52.64)
	100.18 (72.20, 140.24)


	ASMR
	0.16 (0.11, 0.23)
	0.07 (0.05, 0.11)
	0.01 (0.01, 0.02)
	0.03 (0.02, 0.04)
	0.04 (0.03, 0.06)
	0.04 (0.03, 0.05)


	TPC of ASMR
	-4.49 (-4.89, -4.13)
	-5.93 (-6.19, -5.77)
	-8.81 (-9.75, -7.96)
	-4.94 (-5.23, -4.64)
	-4.24 (-4.58, -3.90)
	-5.46 (-5.77, -5.17)


	DALYs (95%UI)
	Count
	1644.21 (1147.94, 2354.97)
	856.40 (573.49, 1250.95)
	686.40 (467.46, 961.97)
	3504.53 (2520.54, 4839.56)
	4956.18 (6746.76, 3646.40)
	11647.72 (8794.40, 15522.06)


	ASDR
	14.31 (9.99, 20.50)
	6.47 (4.33, 9.44)
	1.30 (0.88, 1.82)
	3.66 (2.63, 5.05)
	5.75 (4.23, 7.83)
	4.49 (3.39, 5.98)


	TPC of ASDR
	-4.39 (-4.7, -3.95)
	-5.77 (-5.95, -5.66)
	-7.51 (-8.22, -7.01)
	-4.17 (-4.35, -3.98)
	-3.23 (-3.32, -3.11)
	-4.57 (-4.64, -4.50)





1Data in parentheses represent 95% uncertainty intervals (95% UIs);

2TPC, Total percentage change between 1990 and 2021.



In contrast, mortality rates were highest among the youngest age group. The < 1 year age group exhibited the highest ASMR at 0.16 (95% UI: 0.11-0.23) per 100,000 population. Similarly, T1D prevalence increased substantially with age, peaking at 47.79 (95% UI: 29.28-71.91) per 100,000 population in the 10–14 years age group. Compared to 1990, prevalence rates increased among children aged < 4 years and those aged 10–14 years, with the most notable rise observed in the < 1 year group (1.71%; 95% UI: 1.59-1.82). No significant change in prevalence was detected among children aged 5–9 years.

Age-standardized DALY rates were also highest among children < 1 year, recorded at 14.31 (95% UI: 9.99-20.50) per 100,000 population. While DALYs decreased among children aged 2–4 years, a slight upward trend was observed in children older than 5 years. Overall, when compared with 1990, age-standardized DALY rates declined across all age groups.




3.2 Annual trends in childhood T1D across age groups (1990–2021)

From 1990 to 2021, the incidence rates of childhood T1D exhibited distinct age-specific trends. Incidence increased among younger children (<1 year and 1 year) as well as older children (10–14 years), whereas rates among children aged 2–9 years showed fluctuations. Notably, between 2010 and 2015, incidence rates declined in children < 10 years, followed by a resurgence across all age groups after 2015 (Figure 1a).

[image: Four line graphs labeled a, b, c, and d, displaying trends in ASIR, ASPR, ASMR or ASDR over time from 1990 to 2021. Each graph includes multiple colored lines representing different age groups and their Average Percent Change (APC), indicated in the legends. Graph (a) shows ASIR trends, graphs (b) illustrates ASPR trends, graphs (c) presents ASMR trends, and (d) displays ASDR trends. The trends exhibit varying slopes and combination points. The legends detail APC for each age group, with separate indicators for joinpoints.]
Figure 1 | Joinpoint regression analysis of annual percent changes in Age-Standardized Rates of Childhood T1D by age group (1990–2021) (a) Trends in age-standardized incidence rates (ASIR, per 100,000) across different age groups; (b) Trends in age-standardized prevalence rates (ASPR, per 100,000) across different age groups; (c) Trends in age-standardized mortality rates (ASMR, per 100,000) across different age groups; (d) Trends in age-standardized disability-adjusted life years rates (ASDR, per 100,000) across different age groups. *Note: Indicates that the APC is significantly different from zero at the α = 0.05 level.

Mortality rates demonstrated a consistent downward trend across all age groups during the study period, with the most pronounced declines observed in younger children (< 1 year and 1 year). However, an exception was noted between 2018 and 2021, when mortality rates among children < 1 year exhibited a significant upward trend (APC =15.68) (Figure 1c).

Prevalence rates increased steadily in children < 5 years throughout the study period, while prevalence among the 5–10 years age group displayed variability over different time intervals (Figure 1b). Correspondingly, DALYs rates declined across all age groups from 1990 to 2021, reflecting trends observed in mortality rates (Figure 1d).




3.3 Comparison of childhood T1D burden in China with global and SDI regions

In 2021, the ASIR of childhood T1D in China was lower than the average rates observed across all five SDI regions as well as the global average (Figure 2a). Similarly, the ASPR across all pediatric age groups in China were also below the corresponding global and SDI regional averages (Figure 2b).
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Figure 2 | Comparison of childhood T1D burden in China with global and SDI Region Averages (a–d) age-standardized rates of incidence, prevalence, mortality, and DALYs for childhood T1D across different age groups in China compared to the global average and five SDI regions in 2021; (e–h) Comparison of age-standardized incidence, prevalence, mortality, and DALYs rates of childhood T1D among children aged 0–14 years from 1990 to 2021 with the average levels of the five SDI regions and the global average.

The overall ASMR of childhood T1D in China was positioned between the High SDI and High-Middle SDI regions. Notably, the mortality rate among children aged 10–14 years was lower than the global average and all SDI regional averages (Figure 2c). Regarding DALYs, ASDR for children < 1 year in China fell between the High SDI and High-Middle SDI levels, whereas ASDRs in other age groups (1–10 years) remained below the global and SDI region averages (Figure 2d).

Between 1990 and 2021, the age-standardized incidence and prevalence rates of childhood T1D in China consistently remained below the global and SDI regional averages (Figures 2e, f). The age-standardized mortality and DALYs rates in China were persistently situated between the High SDI and High-Middle SDI levels during this period (Figures 2g, h). Furthermore, since 2001, the age-standardized DALYs rate in China declined to below both the global and SDI regional averages (Figure 2h).




3.4 Gender differences in childhood T1D burden in China

The ASIR of childhood T1D was higher in boys < 2 years of age compared to girls. However, beyond the age of 2, the incidence rate in girls exceeded that of boys. For both sexes, the 5–9 years age group represented a period of elevated incidence for childhood T1D (Figure 3a).
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Figure 3 | Comparison of childhood T1D burden between boys and girls in China (a) ASIR; (b) ASPR; (c) ASMR; (d) ASDR.

The ASPR increased markedly with age, with a more rapid rise observed in girls. By the 10–14 years age group, the prevalence rate among girls was approximately twice that of boys (Figure 3b). Conversely, the ASMR was consistently higher in girls across all age groups, with the greatest disparity observed in children < 1 year, where the mortality rate in girls was more than double that of boys. Overall, the ASMR declined with increasing age (Figure 3c). Similarly, trends in the ASDR paralleled those of mortality, exhibiting higher rates in girls (Figure 3d).

In China, girls < 2 years of age demonstrated a lower ASIR but higher mortality rate compared to boys. This pattern is distinct from Taiwan, Japan and South Korea, potentially reflecting cultural and racial factors specific to the Chinese population (Appendix A Figure A1).




3.5 Projected trends in childhood T1D incidence and mortality in China from 2020 to 2040

To project the ASIR and ASMR of childhood T1D across different age groups from 2022 to 2040, we implemented both ARIMA and ETS (M,Ad,N) models. The analyses identified significant temporal trends in both epidemiological measures. Complete model specifications, including all significant parameters and projection outcomes, are documented in Appendix B (Tables B1 and B2).

Regarding incidence, the ASIR is projected to rise steadily in the youngest age groups (< 1 year and 1 year) throughout 2022 to 2040 (Figures 4a, b). Conversely, in older age groups (2–4 years, 5–9 years, and 10–14 years), the ASIR is expected to remain stable or decline slightly during the same period (Figure 4c, e).

[image: Charts depicting ASIR and ASMR trends from 1990 to 2040 across various age groups. Observation data are blue dots, and estimations are red dots. Confidence intervals are shaded. The ASIR demonstrates fluctuating patterns with a modest upward trend, whereas the ASMR exhibits variability in the youngest age group but shows a consistent decline in relatively older age groups.]
Figure 4 | Temporal trends in childhood T1D incidence and mortality by age group in China, 1990–2040 (a–e) Age-standardized incidence rates (ASIR) of childhood T1D, stratified by specific age groups; (f–j) Age-standardized mortality rates (ASMR) of childhood T1D, stratified by specific age groups.

Mortality projections show varying patterns across age groups. The ASMR for infants (< 1 year) is predicted to increase steadily over the projection period (Figure 4f), while mortality rates for older children (1 year, 2–4 years, 5–9 years, and 10–14 years) are expected to decline (Figures 4g–j).





4 Discussion

The global incidence of T1D in children has been steadily increasing, with notable regional variations. Scandinavian countries report the highest incidence rates, followed by other European nations, North America, and Australia, whereas Asian and sub-Saharan African countries exhibit substantially lower prevalence rates (36). These epidemiological patterns reflect distinct national and regional characteristics (1, 36–38). Temporal trends further reveal heterogeneity, some nations, such as Finland, there has been a reduction in new cases, particularly in younger children (14). Other regions display contrasting patterns. In Sardinia, the incidence of T1D is higher than the national value, has almost doubled in the last 20 years, and currently, it appears to be the highest in the world (15). Over the past three decades, childhood T1D incidence in China has shown an overall upward trend, with the 5–9 years age group exhibiting the highest rates, a pattern consistent with global observations (1). The sharpest increase in incidence occurs in children < 2 years old, indicating a trend toward younger onset of T1D in Chinese children. Notably, earlier onset of childhood T1D is associated with higher mortality risks from chronic complications. Genes and environmental factors are involved in the pathogenesis of T1D. However, the increasing prevalence of childhood T1D is widely believed to be associated with lifestyle and environmental factors (39). Key environmental contributors include advanced maternal age at delivery (40), maternal obesity before and during early pregnancy (41, 42), intrauterine infections (eg, congenital rubella syndrome) (43, 44), cesarean section delivery (42), use of antibiotics (42), high sugar intake in children (45), vitamin D insufficiency in children (46), infections (eg, enteroviruses) (47), and exposure to environmental toxins (39). The factors mentioned above are positively associated with socioeconomic development trends, offering plausible explanations for the observed upward trajectory in childhood diabetes rates.

China exhibits a notably lower incidence of T1D compared to the global average, yet its mortality rates remain intermediate between high and high-middle SDI regions-demonstrating an epidemiological pattern of low incidence but non-negligible mortality. Although China’s healthcare system and public health services have advanced significantly over the past three decades, leading to substantial improvements in childhood T1D survival outcomes, a persistent mortality gap remains when benchmarked against high-SDI nations such as Japan (Appendix A Figure A1, panel e) and South Korea (Appendix A Figure A1, panel f).

From 1990 to 2021, the incidence of childhood T1D in China exhibited two significant inflection points in 2010 and 2015, corresponding with major policy implementations. Post-2010 analyzing data revealed a significant decline in incidence among children < 10 years, coupled with substantial attenuation of the previously rising trend in adolescents group (≥10 year). However, this epidemiological pattern shifted after 2015, characterized by incidence rebounds in both the youngest groups (< 1 year and 1 year) and adolescent group (≥10 years), alongside decelerated decline rates in children aged 2–9 years. These epidemiological transitions coincided with the 2009 rollout of China’s basic public health service policies, and the 2015 universal two-child policy implementation. The China’s basic public health service policies optimized healthcare resource allocation, enhanced public awareness of diabetes prevention and management, and promotion of science-based healthy lifestyles. Consequently, these interventions have produced dual effects on childhood T1D epidemiology, while contributing to a measurable reduction in disease incidence through effective prevention, the improved diagnostic capacity has concurrently increased case detection rates. This dynamic explains the observed age-specific incidence patterns, where variations in screening implementation intensity and prevention effectiveness across different age group have resulted in distinct epidemiological manifestations.

A concerning trend has been observed among children < 1 year of age, with the incidence rate of T1D continuing to rise in recent years alongside a significant rebound in mortality rates, and projections indicate this upward trajectory will persist over the next 15 years. This pattern of disease onset was showing a trend toward younger ages. In addition to the environmental factors mentioned above, the improvement in diagnostic capabilities was also a significant contributing factor. Enhanced diagnostic abilities had increased the detection rate of T1D in children, while earlier diagnosis had further raised the detection rate among younger children. In the past, underdiagnosis and misdiagnosed cases of T1D in children were very common in China. The issue of underdiagnosis in diabetes was a serious global disease burden (11, 48, 49). The global underdiagnosis rate of diabetes was approximately 12.5%-86.7% (11), while in China, it was about 53.9% (11). Underdiagnosis of childhood diabetes was also a severe problem (12, 13). China’s vast territory and uneven development of healthcare resources make the situation more critical in western and rural areas (50).

Childhood diabetes was also frequently misdiagnosed. in China, the diagnosis of childhood diabetes had long been based on the adult diabetes criteria (73). A common clinical issue both domestically and internationally is the lack of sufficient diagnostic data to differentiate diabetes types in children and adolescents. Minors with diabetes are often diagnosed as T1D, while some may actually have T2D or monogenic diabetes (35). With advancing understanding of the pathogenesis of diabetes, specific types of diabetes, particularly monogenic diabetes, are increasingly gaining attention. Among these, maturity-onset diabetes of the young (MODY) and neonatal diabetes mellitus (NDM) are the most common monogenic forms. Current data indicate that 7%-15% of diagnosed diabetes cases were misclassified (51), with even higher misdiagnosis rates among children and adolescents (52). Autoimmune T1D is extremely rare in infants under six months of age. It is now believed that the majority of infants under six months who test positive for islet autoantibodies actually have NDM rather than T1D (53).

The timing of the rebound in mortality of T1D among children < 1 year of age coincides with the COVID-19 pandemic, suggesting a potential association. Multiple studies have reported that the COVID-19 pandemic may directly or indirectly influence the incidence and mortality of T1D in children, leading to an elevated incidence rate (54–57), and exacerbating diabetes-related manifestations and complication severity (46–61). Conversely, other studies found no significant correlation between the COVID-19 pandemic and childhood T1D incidence (62–66). The COVID-19 pandemic impacted multiple facets of T1D management in children and adolescents, particularly due to lockdown measures that disrupted disease management. Changes in physical activity, dietary habits, and medical supply shortages during this period have been linked to worsening glycemic control. Furthermore, SARS-CoV-2 may directly influence T1D pathogenesis, it infection acts as an accelerator of pancreatic β-cell immunological destruction (67).

Gender-specific analyses reveal girls < 1 year of age exhibit higher mortality rates relative to incidence rates, implying potential underdiagnosis of childhood T1D within this group. However, Taiwan-which shares a similar genetic background-does not exhibit this trend (Appendix A Figure A1), implying that socioeconomic, cultural, and healthcare-access factors may contribute to the observed disparity. A critical driver of this disparity may be persistent son preference in certain underdeveloped regions of China (68), where cultural biases neglect of female children’s health needs, resulting in later diagnosis and worse outcomes, and unequal healthcare resource distribution, with fewer screenings and poorer disease management for pediatric female patients (69). To address these inequities, targeted interventions are needed, including health education for families and communities.

Furthermore, epidemiological data reveal a striking age-dependent pattern where girls exhibit rapidly rising incidence rates of T1D that surpass those of boys, particularly after early childhood (>2 years). This phenomenon reflected the complex interplay between genetic predisposition and environmental factors characteristic of this heritable polygenic disease. Current research demonstrates regional variation in genetic susceptibility patterns, with gender differences in disease manifestation being particularly pronounced (2). Epidemiological studies show that females tend to have higher incidence rates in low-prevalence populations (like China), whereas males predominate in moderate-to-high prevalence populations (70). As China is considered a low-incidence region for childhood-onset T1D, genetic susceptibility patterns may contribute to the observed higher disease prevalence among girls. This epidemiological trend has been consistently documented across multiple studies, including two investigations from Beijing and Zhejiang (21, 22), with supporting data from Taiwan confirming the consistent trend (Appendix A Figure 1, (a)). Therefore, the higher incidence rate in girls reflects a genetic predisposition pattern. However, the epidemiological pattern is complicated by healthcare access disparities. While genetic factors establish the biological basis for higher incidence in girls, gender biases in healthcare may actually mask the true disease burden in early childhood. Lower detection rates among girls < 2 years old mentioned above create a misleading epidemiological pattern that appears to show incidence favoring girls only after age 2. This likely represents significant underdiagnosis in female infants rather than an actual late-onset pattern. Biological predisposition intersects with social determinants of health, ultimately disadvantaging female patients. These findings highlight the need for multifaceted public health interventions to address gender disparities in T1D management.

China’s basic public health service policies have indeed brought substantial improvements to national health. The child health services primarily include newborn home visits, one-month health checkups, physical examinations, growth and development assessments, psychological and behavioral evaluations, hearing/vision/oral screenings, as well as evidence-based infant nutrition guidance, disease prevention, and injury prevention. However, public health services specifically targeting T1D remain relatively inadequate. The current situation in China reveals that many children with diabetes go undiagnosed or are even misdiagnosed. Significant gaps exist in public awareness regarding diabetes and its prevention. Additionally, there is a lack of comprehensive data on the status of children with diabetes in China, and limited information is available on the prevalence of childhood diabetic (71). To address these gaps, future public health services in China should integrate T1D-specific components. Strengthening recognition of diabetes-related clinical presentations among schools and families could facilitate earlier diagnosis and intervention, thereby reducing complications. China’s basic pediatric public health services should incorporate routine blood glucose monitoring, particularly for high-risk infants (< 1 year). Effective childhood T1D management is critical for preventing acute complications (e.g., diabetic ketoacidosis) and chronic complications (e.g., retinopathy, nephropathy), improving quality of life, and reducing mortality. This requires a comprehensive management system encompassing accessible diagnostics, stable insulin supply chains, healthcare provider training, and thorough patient and family education. Urgent prioritization is needed to implement such systems in rural and western regions of China, where fragmented healthcare infrastructure worsens disparities in T1D care (72).

This study has certain limitations. Although the GBD database represents one of the most comprehensive sources of global health data, its estimates rely on statistical modeling rather than direct measurement. Data completeness and reliability were often compromised in regions with limited health reporting infrastructure, such as rural or underdeveloped areas of China. Consequently, the GBD estimates may be subject to biases, and national-level analyses may not accurately capture local or regional heterogeneity, potentially restricting the applicability of findings to specific contexts. Future research should integrate more extensive field survey data to enhance the precision and representativeness of epidemiological assessments. Another limitations was infants <1 year represent a small demographic with distinct epidemiological patterns, often leading to limited raw data in many regions. Sparse event counts can result in highly uncertain estimates due to wider confidence intervals and instability in GBD-modeled rates. Finally, the latest GBD 2023 database has been pre-released to collaborators but has not yet been officially published to the public.

The ARIMA model is a well-established time-series forecasting technique extensively applied in predicting disease morbidity and mortality due to its statistical rigor and modeling flexibility. However, this approach has inherent limitations. Its reliance on linear assumptions derived from historical data may inadequately capture complex nonlinear patterns in disease progression. This model does not account for potential confounding variables such as future technological innovations or policy changes. The value of the modeling approach resides in its ability to provide public health authorities with an evidence-based reference framework. Essentially, these modeling outputs are intended not to serve as definitive predictions, but rather as catalysts for proactive public health interventions - measures that, when successfully implemented, would naturally supersede the original projections.

In summary, the incidence of childhood T1D among Chinese children aged 0–14 years is increasing, while mortality rates are generally declining. The highest incidence is observed in the 5–9 years age group, whereas the highest mortality rate occurs among children < 1 year old. Childhood T1D in China reflecting an epidemiological pattern characterized by low incidence yet non-negligible mortality. Notably, mortality rates in children < 1 year have begun to rise in recent years. Forecasting models project a continued increase in both incidence and mortality within this youngest age group, alongside a sustained upward trend in incidence among 1 year old children. Moreover, girls bear a disproportionately greater burden than boys, exhibiting higher incidence and mortality rates coupled with lower detection rates. Given the severe complications and substantial disease burden associated with early-onset T1D, Chinese healthcare policies should prioritize these vulnerable populations by implementing targeted interventions and preferential healthcare measures.





Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://vizhub.healthdata.org/gbd-results/.





Author contributions

FJ: Methodology, Conceptualization, Software, Resources, Formal Analysis, Writing – original draft, Funding acquisition. LX: Writing – review & editing, Validation, Data curation, Project administration. GW: Writing – original draft, Visualization, Validation. YP: Validation, Writing – original draft, Supervision. CW: Writing – original draft, Investigation. WL: Writing – review & editing, Conceptualization.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by Funds of Shunyi District for Health Improvement and Research (No.Wsjkfzkyzx-2019-q-08).




Acknowledgments

We are very grateful to the colleagues at Shunyi Maternal and Children’s Hospital of Beijing Children’s Hospital who contributed to this study.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1638187/full#supplementary-material




References

	 Zhang K, Kan C, Zhang J, Ding C, Guo Z, Han F, et al. Global, regional, and national epidemiology of diabetes in children from 1990 to 2019. JAMA Pediatr. (2023) 177:837–46. doi: 10.1001/jamapediatrics.2023.2029, PMID: 37399036


	 Katsarou A, Gudbjörnsdottir S, Rawshani A, Dabelea D, Bonifacio E, Anderson BJ, et al. Type 1 diabetes mellitus. Nat Rev Dis Primers. (2017) 3:17016. doi: 10.1038/nrdp.2017.16, PMID: 28358037


	 Lu X, Xie Q, Pan X, Zhang R, Zhang X, Peng G, et al. Type 2 diabetes mellitus in adults: pathogenesis, prevention and therapy. Sig Transduct Target Ther. (2024) 9:262. doi: 10.1038/s41392-024-01951-9, PMID: 39353925


	 Lawrence JM, Divers J, Isom S, Saydah S, Imperatore G, Pihoker C, et al. Trends in prevalence of type 1 and type 2 diabetes in children and adolescents in the US, 2001-2017. JAMA. (2021) 326:717. doi: 10.1001/jama.2021.11165, PMID: 34427600


	 Subramanian S, Khan F, Hirsch IB. New advances in type 1 diabetes. BMJ. (2024) 384:e075681. doi: 10.1136/bmj-2023-075681, PMID: 38278529


	 Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G. Incidence trends for childhood type 1 diabetes in Europe during 1989–2003 and predicted new cases 2005-20: a multicenter prospective registration study. Lancet. (2009) 373:2027–33. doi: 10.1016/S0140-6736(09)60568-7, PMID: 19481249


	 Karvonen M, Viik-Kajander M, Moltchanova E, Libman I, Laporte R, Tuomilehto J. Incidence of childhood type 1 diabetes worldwide. Diabetes mondiale (DiaMond) project group. Diabetes Care. (2000) 23:1516–26. doi: 10.2337/diacare.23.10.1516, PMID: 11023146


	 Sherr JL. Closing the loop on managing youth with type 1 diabetes: children are not just small adults. Diabetes Care. (2018) 41:1572–8. doi: 10.2337/dci18-0003, PMID: 29936422


	 Green A, Hede SM, Patterson CC, Wild SH, Imperatore G, Roglic G, et al. Type 1 diabetes in 2017: global estimates of incident and prevalent cases in children and adults. Diabetologia. (2021) 64:2741–50. doi: 10.1007/s00125-021-05571-8, PMID: 34599655


	 Hormazábal-Aguayo I, Ezzatvar Y, Huerta-Uribe N, Ramírez-Vélez R, Izquierdo M, García-Hermoso A. Incidence of type 1 diabetes mellitus in children and adolescents under 20 years of age across 55 countries from 2000 to 2022: A systematic review with meta-analysis. Diabetes Metab Res. (2024) 40:e3749. doi: 10.1002/dmrr.3749, PMID: 38037806


	 Ogurtsova K, Guariguata L, Barengo NC, Ruiz PL, Sacre JW, Karuranga S, et al. IDF diabetes Atlas: Global estimates of undiagnosed diabetes in adults for 2021. Diabetes Res Clin Pract. (2022) 183:109118. doi: 10.1016/j.diabres.2021.109118, PMID: 34883189


	 Wu W, Zhang JW, Li Y, Huang K, Chen RM, Maimaiti M, et al. Population-based prevalence of self-reported pediatric diabetes and screening for undiagnosed type 2 diabetes in Chinese children in years 2017-2019, a cross-sectional study. Lancet Reg Health West Pac. (2024) 52:101206. doi: 10.1016/j.lanwpc.2024.101206, PMID: 39324120


	 Pu JQ, Fu JF. Undiagnosed pediatric type 2 diabetes mellitus: the giant hidden iceberg. World J Pediatr. (2025) 21(6):537–541. doi: 10.1007/s12519-025-00917-3, PMID: 40459792


	 Parviainen A, But A, Siljander H, Knip M, The Finnish Pediatric Diabetes Register, Knip M, et al. Decreased incidence of type 1 diabetes in young finnish children. Diabetes Care. (2020) 43:2953–8. doi: 10.2337/dc20-0604, PMID: 32998988


	 Ripoli C, Ricciardi MR, Angelo MR, Meloni G, Pippia A, Pintori G, et al. Incidence of type 1 diabetes in Sardinian children aged 0–14 years has almost doubled in the last twenty years. On top of the world. Diabetes Res Clin Pract. (2024) 213:111750. doi: 10.1016/j.diabres.2024.111750, PMID: 38885745


	 Lawrence JM, Mayer-Davis EJ. What do we know about the trends in incidence of childhood-onset type 1 diabetes? Diabetologia. (2019) 62:370–2. doi: 10.1007/s00125-018-4791-z, PMID: 30569271


	 Szalecki M, Wysocka-Mincewicz M, Ramotowska A, Mazur A, Lisowicz L, Beń-Skowronek I, et al. Epidemiology of type 1 diabetes in Polish children: A multicenter cohort study. Diabetes Metab Res. (2018) 34:e2962. doi: 10.1002/dmrr.2962, PMID: 29144024


	 Stahl-Pehe A, Baechle C, Lanzinger S, Urschitz MS, Reinauer C, Kamrath C, et al. Trends in the incidence of type 1 diabetes and type 2 diabetes in children and adolescents in North Rhine-Westphalia, Germany, from 2002 to 2022. Diabetes Metab. (2024) 50:101567. doi: 10.1016/j.diabet.2024.101567, PMID: 39095014


	 Besser REJ, Ng SM, Gregory JW, Dayan CM, Randell T, Barrett T. General population screening for childhood type 1 diabetes: is it time for a UK strategy? Arch Dis Child. (2022) 107:790–5. doi: 10.1136/archdischild-2021-321864, PMID: 34740879


	 Weng J, Zhou Z, Guo L, Zhu D, Ji L, Luo X, et al. Incidence of type 1 diabetes in China, 2010-13: population based study. BMJ. (2018) 360:j5295. doi: 10.1136/bmj.j5295, PMID: 29298776


	 Chunxiu G, Xi M, Yuwu J, Xinli W, Hong C, Xiaobo C. Trends in childhood type 1 diabetes mellitus incidence in beijing from 1995 to 2010: A retrospective multicenter study based on hospitalization data. Diabetes Technol Ther. (2015) 17:159–65. doi: 10.1089/dia.2014.0205, PMID: 25545069


	 Wu HB, Zhong JM, Hu RY, Wang H, Gong WW, Pan J, et al. Rapidly rising incidence of Type 1 diabetes in children and adolescents aged 0–19 years in Zhejiang, China, 2007 to 2013. Diabetes Med. (2015) 33:1339–46. doi: 10.1111/dme.13010, PMID: 26499360


	 Huo L, Ji L, Deng W, Shaw JE, Zhang P, Zhao F, et al. Age distribution and metabolic disorders in people with Type 1 diabetes in Beijing and Shantou, China: a cross-sectional study. Diabetes Med. (2018) 35:721–8. doi: 10.1111/dme.13616, PMID: 29512926


	 Wang Z, Zou Z, Wang H, Jing J, Luo J, Zhang X, et al. Prevalence and risk factors of impaired fasting glucose and diabetes among Chinese children and adolescents: a national observational study. Br J Nutr. (2018) 120:813–9. doi: 10.1017/S0007114518002040, PMID: 30153872


	 Wu S. Characterization of newly diagnosed type 1 diabetes in children and adolescents from 2017 to 2022 in China: a single-center analysis. BMC Pediatr. (2024) 24:13. doi: 10.1186/s12887-023-04498-w, PMID: 38178064


	 Ding Y, Cai X, Ou Y, Liang D, Guan Q, Zhong W, et al. The burden of diabetes in the southeastern coastal region of China from 1990 to 2019 and projections for 2030: A systematic analysis of the 2019 global burden of disease study. Diabetes Metab Res Rev. (2025) 41:e70031. doi: 10.1002/dmrr.70031, PMID: 39831738


	 Deng W, Zhao L, Chen C, Ren Z, Jing Y, Qiu J, et al. National burden and risk factors of diabetes mellitus in China from 1990 to 2021: Results from the Global Burden of Disease study 2021. J Diabetes. (2024) 16:e70012. doi: 10.1111/1753-0407.70012, PMID: 39373380


	 Li Y, Guo C, Cao Y. Secular incidence trends and effect of population aging on mortality due to type 1 and type 2 diabetes mellitus in China from 1990 to 2019: findings from the Global Burden of Disease Study 2019. Health Serv Res. (2021) 9:e002529. doi: 10.1136/bmjdrc-2021-002529, PMID: 34732399


	 Dong C, Wu G, Li H, Qiao Y, Gao S. Type 1 and type 2 diabetes mortality burden: predictions for 2030 based on bayesian age-period-cohort analysis of China and global mortality burden from 1990 to 2019. J Diabetes Invest. (2024) 15:623–33. doi: 10.1111/jdi.14146, PMID: 38265170


	 Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9, PMID: 33069326


	 GBD 2019 Viewpoint Collaborators. Five insights from the global burden of disease study 2019. Lancet. (2020) 396:1135–59. doi: 10.1016/S0140-6736(20)31404-5, PMID: 33069324


	 Ong KL, Stafford LK, McLaughlin SA, Boyko EJ, Vollset SE, Smith AE, et al. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2023) 402:203–34. doi: 10.1016/S0140-6736(23)01301-6, PMID: 37356446


	 Chinese Diabetes Society. Guideline for the prevention and treatment of diabetes mellitus in China (2024 edition). Chin J Diabetes Mellitus. (2025) 27:16–139. doi: 10.3760/cma.j.cn115791-20241203-00705


	 The Subspecialty Group of Endocrinologic, Hereditary and Metabolic Diseases, The Society of Pediatrics, Chinese Medical Association; the Editorial Board, Chinese Journal of Pediatrics. Expert consensus on the standardized diagnosis and management of type 1 diabetes mellitus in Chinese children (2020). Chin J Pediatr. (2020) 58:447–54. doi: 10.3760/cma.j.cn112140-20191021-00659, PMID: 32521955


	 American Diabetes Association Professional Practice Committee. 2. Diagnosis and classification of diabetes: standards of care in diabetes-2024. Diabetes Care. (2024) 47:S20–42. doi: 10.2337/dc24-S002, PMID: 38078589


	 Cameron FJ, Wherrett DK. Care of diabetes in children and adolescents: controversies, changes, and consensus. Lancet. (2015) 385:2096–106. doi: 10.1016/S0140-6736(15)60971-0, PMID: 26009230


	 Kan C, Zhang K, Han F, Hou N, Sun X. Updated insights on childhood diabetes epidemiology 2019–2021 and projections to 2045. JAMA Pediatr. (2025) 179:205. doi: 10.1001/jamapediatrics.2024.5105, PMID: 39621356


	 Patterson CC, Harjutsalo V, Rosenbauer J, Neu A, Cinek O, Skrivarhaug T, et al. Trends and cyclical variation in the incidence of childhood type 1 diabetes in 26 European centers in the 25 year period 1989-2013: a multicenter prospective registration study. Diabetologia. (2019) 62:408–17. doi: 10.1007/s00125-018-4763-3, PMID: 30483858


	 Rewers M, Ludvigsson J. Environmental risk factors for type 1 diabetes. Lancet. (2016) 387:2340–8. doi: 10.1016/S0140-6736(16)30507-4, PMID: 27302273


	 Cardwell CR, Stene LC, Joner G, Bulsara MK, Cinek O, Rosenbauer J, et al. Maternal age at birth and childhood type 1 diabetes: A pooled analysis of 30 observational studies. Diabetes. (2010) 59:486–94. doi: 10.2337/db09-1166, PMID: 19875616


	 Magnus MC, Olsen SF, Granstrom C, Lund-Blix NA, Svensson J, Johannesen J, et al. Paternal and maternal obesity but not gestational weight gain is associated with type 1 diabetes. Int J Epidemiol. (2018) 47:417–26. doi: 10.1093/ije/dyx266, PMID: 29415279


	 Waernbaum I, Dahlquist G, Lind T. Perinatal risk factors for type 1 diabetes revisited: a population-based register study. Diabetologia. (2019) 62:1173–84. doi: 10.1007/s00125-019-4874-5, PMID: 31041471


	 Forrest JM, Menser MA, Burgess JA. High frequency of diabetes mellitus in young adults with congenital rubella. Lancet. (1971) 2:332–4. doi: 10.1016/s0140-6736(71)90057-2, PMID: 4105044


	 Forrest JM, Turnbull FM, Sholler GF, Hawker RE, Martin FJ, Burgess MA, et al. Gregg’s congenital rubella patients 60 years later. Med J Aust. (2002) 177:664–7. doi: 10.5694/j.1326-5377.2002.tb05003.x, PMID: 12463994


	 Lamb MM, Frederiksen B, Seifert JA, Kroehl M, Rewers M, Norris JM. Sugar intake is associated with progression from islet autoimmunity to type 1 diabetes: the Diabetes Autoimmunity Study in the Young. Diabetologia. (2015) 58:2027–34. doi: 10.1007/s00125-015-3657-x, PMID: 26048237


	 Norris JM, Johnson RK, Stene LC. Type 1 diabetes-early life origins and changing epidemiology. Lancet Diabetes Endocrinol. (2020) 8:226–38. doi: 10.1016/S2213-8587(19)30412-7, PMID: 31999944


	 Viskari H, Knip M, Tauriainen S, Huhtala H, Veijola R, Ilonen J, et al. Maternal enterovirus infection as a risk factor for type 1 diabetes in the exposed offspring. Diabetes Care. (2012) 35:1328–32. doi: 10.2337/dc11-2389, PMID: 22432113


	 Chung RH, Chuang SY, Chen YE, Li GH, Hsieh CH, Chiou HY, et al. Prevalence and predictive modeling of undiagnosed diabetes and impaired fasting glucose in Taiwan: a Taiwan Biobank study. BMJ Open Diabetes Res Care. (2023) 11:e003423. doi: 10.1136/bmjdrc-2023-003423, PMID: 37328274


	 Xia PF, Pan XF, Li Y, Guo K, Yang K, Tu ZZ, et al. Trends in diagnosed and undiagnosed diabetes among adults in the U.S., 2005-2016. Diabetes Care. (2021) 44:e175–7. doi: 10.2337/dc21-1156, PMID: 34261733


	 Poon PKM, Tam KW, Yip BHK, Chung RY, Lee EKP, Wong SYS. Social and health service-related factors associated with undiagnosed diabetes mellitus- a population-based survey in a highly urbanized Chinese setting. BMC Public Health. (2025) 25:900. doi: 10.1186/s12889-025-22048-0, PMID: 40050834


	 Shields BM, Peters JL, Cooper C, Lowe J, Knight BA, Powell RJ, et al. Can clinical features be used to differentiate type 1 from type 2 diabetes? A systematic review of the literature. BMJ Open. (2015) 5:e009088. doi: 10.1136/bmjopen-2015-009088, PMID: 26525723


	 Thanabalasingham G, Pal A, Selwood MP, Dudley C, Fisher K, Bingley PJ, et al. Systematic assessment of etiology in adults with a clinical diagnosis of young-onset type 2 diabetes is a successful strategy for identifying maturity-onset diabetes of the young. Diabetes Care. (2012) 35:1206–12. doi: 10.2337/dc11-1243, PMID: 22432108


	 Rubio-Cabezas O, Minton JAL, Caswell R, Shield JP, Deiss D, Sumnik Z, et al. Clinical heterogeneity in patients with FOXP3 mutations presenting with permanent neonatal diabetes. Diabetes Care. (2009) 32:111–6. doi: 10.2337/dc08-1188, PMID: 18931102


	 Kamrath C, Rosenbauer J, Eckert AJ, Siedler K, Bartelt H, Klose D, et al. Incidence of type 1 diabetes in children and adolescents during the COVID-19 pandemic in Germany: results from the DPV registry. Diabetes Care. (2022) 45:1762–71. doi: 10.2337/dc21-0969, PMID: 35043145


	 Tampe I, Garfias C, Borzutzky A, Slaibe L, García H. Incidence of type 1 diabetes in Chilean children between 2006 and 2021: significant increase during the COVID-19 pandemic. Acta Diabetol. (2023) 61:29–34. doi: 10.1007/s00592-023-02163-3, PMID: 37578530


	 Ansar A, Livett T, Beaton W, Carrel AL, Bekx MT. Sharp rise in new-onset pediatric diabetes during the COVID-19 pandemic. WMJ. (2022) 121:177–80., PMID: 36301642


	 Baechle C, Eckert A, Kamrath C, Neu A, Manuwald U, Thiele-Schmitz S, et al. Incidence and presentation of new-onset type 1 diabetes in children and adolescents from Germany during the COVID-19 pandemic 2020 and 2021: Current data from the DPV Registry. Diabetes Res Clin Pract. (2023) 197:110559. doi: 10.1016/j.diabres.2023.110559, PMID: 36758641


	 Rabbone I, Schiaffini R, Cherubini V, Maffeis C, Scaramuzza A, Diabetes Study Group of the Italian Society for Pediatric Endocrinology and Diabetes. Has COVID-19 delayed the diagnosis and worsened the presentation of type 1 diabetes in children? Diabetes Care. (2020) 43:2870–2. doi: 10.2337/dc20-1321, PMID: 32778554


	 Knip M, Parviainen A, Turtinen M, But A, Härkönen T, Hepojoki J, et al. SARS-CoV-2 and type 1 diabetes in children in Finland: an observational study. Lancet Diabetes Endocrinol. (2023) 11:251–60. doi: 10.1016/S2213-8587(23)00041-4, PMID: 36958868


	 İzci Güllü E, Akin L, Gökler ME, Aydin M. Increased severity of presentation signs in children with newly diagnosed type 1 diabetes during the COVID-19 pandemic: A tertiary center experience. Ann Nutr Metab. (2024) 80:161–70. doi: 10.1159/000538322, PMID: 38479369


	 McGlacken-Byrne SM, Drew SEV, Turner K, Peters C, Amin R. The SARS-CoV-2 pandemic is associated with increased severity of presentation of childhood onset type 1 diabetes mellitus: A multi-center study of the first COVID-19 wave. Diabetes Med. (2021) 38:e14640. doi: 10.1111/dme.14640, PMID: 34245598


	 Kamrath C, Rosenbauer J, Tittel SR, Warncke K, Hirtz R, Denzer C, et al. Frequency of autoantibody-negative type 1 diabetes in children, adolescents, and young adults during the first wave of the COVID-19 pandemic in Germany. Diabetes Care. (2021) 44:1540–6. doi: 10.2337/dc20-2791, PMID: 33990377


	 Reschke F, Lanzinger S, Herczeg V, Prahalad P, Schiaffini R, Mul D, et al. The COVID-19 pandemic affects seasonality, with increasing cases of new-onset type 1 diabetes in children, from the worldwide SWEET registry. Diabetes Care. (2022) 45:2594–601. doi: 10.2337/dc22-0278, PMID: 36166593


	 Noorzae R, Junker TG, Hviid AP, Wohlfahrt J, Olsen SF. Risk of type 1 diabetes in children is not increased after SARS-coV-2 infection: A nationwide prospective study in Denmark. Diabetes Care. (2023) 46:1261–4. doi: 10.2337/dc22-2351, PMID: 37058353


	 Rosenbauer J, Stahl-Pehe A, Baechle C, Lanzinger S, Kamrath C, Kuß O, et al. Spatiotemporal association between COVID-19 incidence and type 1 diabetes incidence among children and adolescents: a register-based ecological study in Germany. Front Endocrinol. (2024) 14:1287354. doi: 10.3389/fendo.2023.1287354, PMID: 38234422


	 Van Den Boom L, Kostev K, Kuss O, Rathmann W, Rosenbauer J. Type 1 diabetes incidence in children and adolescents during the COVID-19 pandemic in Germany. Diabetes Res Clin Pract. (2022) 193:110146. doi: 10.1016/j.diabres.2022.110146, PMID: 36347421


	 Bombaci B, Passanisi S, Sorrenti L, Salzano G, Lombardo F. Examining the associations between COVID-19 infection and pediatric type 1 diabetes. Expert Rev Clin Immunol. (2023) 19:489–97. doi: 10.1080/1744666X.2023.2189587, PMID: 36888906


	 Pennington A, Maudsley G, Whitehead M. The impacts of profound gender discrimination on the survival of girls and women in son-preference countries - A systematic review. Health Place. (2023) 79:102942. doi: 10.1016/j.healthplace.2022.102942, PMID: 36599266


	 Ye Y, He Q, Li Q, An L. The brother’s penalty: Boy preference and girls’ health in rural China. Health Econ. (2024) 33:1748–71. doi: 10.1002/hec.4833, PMID: 38581116


	 Karvonen M, Pitkäniemi M, Pitkäniemi J, Kohtamäki K, Tajima N, Tuomilehto J. Sex difference in the incidence of insulin-dependent diabetes mellitus: an analysis of the recent epidemiological data. Diabetes Metab Rev. (1997) 13:275–91. doi: 10.1002/(SICI)1099-0895(199712)13:4<275::AID-DMR197>3.0.CO;2-V


	 Wang J, Wu W, Dong G, Huang K, Fu J. Pediatric diabetes in China: Challenges and actions. Pediatr Diabetes. (2022) 23:545–50. doi: 10.1111/pedi.13344, PMID: 35419896


	 Li X, Krumholz HM, Yip W, Cheng KK, De Maeseneer J, Meng Q, et al. Quality of primary health care in China: challenges and recommendations. Lancet. (2020) 395:1802–12. doi: 10.1016/S0140-6736(20)30122-7, PMID: 32505251


	 World Health Organization. Definition, diagnosis and classification of diabetes mellitus and its complications: report of a WHO consultation. Part 1, Diagnosis and classification of diabetes mellitus. (1999). Available online at: https://iris.who.int/handle/10665/66040.







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Jin, Xie, Wang, Pan, Wang and Li.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1638187-g002.jpg
s

AsHR

ASIR

ASMR

China & HighSDI & High-middie SOI=

Middle SDI = Low-middle SDI

LowsDI o Global

% -
.
. . .
- «
E I
o . . 1 it
> ]
. . - .
R | ol a1
. T Ty e -
Age (years)
(@) (®)
"
&
" .
” § o
I wl &
I e —— Rl =" i
e L . e
Age (years) Age (years)
(© (@
=
g ]

o T T T T T T o T T
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
year year
© o
Lyt 809
604
06
&
g 409
<

0.0 0 T T T T T
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
year year
(@ )





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1638187-g004.jpg
il el L.
T 2 Y

oo wma s
3
S s
3
3
@ @
Tosuyen <
< o e = + o wma
] o]
IR il # \
Jos I
© ®
e R 2ayeus
oo wma H o wme
HE o] samme W
H S
© L
g
5e
.
H =






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-16-1638187-g003.jpg
ASPR

ASR
& ooy o togo.yoo
o iy 1y zay sy ey Sy Sy mey e sy Ty wa ey
s 120 PR o021 om 1 su wmim o om
o i ] o (n S0 v m 0w 0w w
o 1z 2 azm den on am T sos 2m oo om .
Do iz e am 28 on o 1w sor o0 o
e oie 1w e am el on T sor o 00 om s
e i aw am dw on a1 sor 0w ar i
s o iz 2w am 2w on o 10 5w o a7
o 1% 2m 3 e on o T sw o oo o7 -
o ast 1% 2w an e oz w1 sz 2t oo o
1% e 3w oo oz Gl iie ser inie se om am “
2000 05t 200 33 305 02 ot 12 sar uzs 0o 080 o
o 14 2m s sw oz a0 1% 55 o6 0%
w2 03 o 2 3 3w oz a0 1m se as »
o0 151 2m on 0w n sw o L
mos 0 155 2% on 0z iy 5w oo
& 1% a ok freamed ass 0
s o a2 28 o an 1 et asr .
o ier 201 o au ia ox as
e o 17 2% oz oz 15 om 0% 2
on 175 2m o o 1w 0w dou L
wo o 7 301 i 1% os aoi
o i sm ok 10 oot oot n
w0 im am % 1% ee o B
o7 17 et oz 10 o 0%
w0 i a0 U 10 oot o "
on i o ok 10 oer o .
w0 a1 3 i i om 0%
o Te s a7 ie es o B
e om0 o0 3 a1 ew o i
om oz 17 18 an
wo om o1 sa a0 170 125 o s
b o e 1w oss .
@ ®)
Ase Asor
o o e oo GGy
oy Ty v Ty 1y Tay sy oy
10 o ey 0 1556 1071 2182 [ g0
o B3 laim tais a7
1o otz s prperd B
o o Pl i
st e 70 P
e e B
00 e o ma s 1ios 123 1501 | g
: S e 0% 1im 1170 ess
5o s 2 a6 1110 toar || &
an 101 B0 iz 10se 132 |
o0 2035 208 Taa 10 tast
ass 7o s V3w 12e |
w0 02 2w 10w e 0w 02 g
2% b Tosr 1aer 1a7s
s o s 168 b e 0w e || @
ot o0 15 2525 05t s 185 | w
s 117 153 Do v a3 o
o o tas o 65 70w | ©
PR e foor oo 772 e
e raes T s 7e wn
s w0 oz o dos res we %
105 1078 Zos i 1o 0w 80
00w ae oot fos e ani so ee
s o o e o)
e su 0 P e 26 sn e m
o 7o 85 o e 23 s 7
ws W ra 1m oo
% 14 liw we S0 sa Tw w
oo aw ser 7% law o 2o s ra
. an ox 1 an ae0 aw e
S e tom sor ;e ok 14 4 om 4
o ey Tom i 1% 4w am

(©) ()





OEBPS/Images/fendo-16-1638187-g001.jpg





OEBPS/Images/fendo.2025.1638187_cover.jpg
& frontiers | Frontiers in Endocrinology

Epidemiology and temporal trends of
childhood type 1 diabetes in China: an
analysis of the GBD 2021





