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Background: It is reported that burden of unintentional drowning deaths is high in low- and middle-income countries. In recent decades, China has achieved remarkable economic growth and substantial advancements in infrastructure development; however, the understanding of the unintentional drowning burden in China has lagged behind. This article aims to provide an in-depth understanding of the current unintentional drowning situation in China.

Methods: Unintentional drowning from GBD 2021 was estimated for cause-specific mortality and, age, sex, and temporal trends from 1990 to 2021. In addition, we used decomposition analysis to quantify the drivers of changes in unintentional drowning from 1990 to 2021 and we also predicted the mortality of unintentional drowning in the next 10 years based on APC model.

Results: In 2021, the deaths attributable to unintentional drowning in China were 57554.02 (95% UI: 47463.15~69111.96), corresponding to age-standardized mortality rate (ASMR) of 4.12 (95% UI: 3.39 ~ 4.96) per 100,000 population. The mortality rate was relatively high among children aged 0–10 years and individuals aged 60 years and above and the highest number of deaths were recorded in the age groups of <5 years (3753.78, 95% UI: 2834.88 ~ 4903.46), 5–9 years (4938.93, 95% UI: 4207.74 ~ 5751.58), and 10–14 years (4197.10, 95% UI: 3581.12 ~ 4819.72). The mortality of unintentional drowning was higher for males than females across all age groups. A decline in unintentional drowning mortality rates was observed from 1990 to 2021, with an average annual percentage change (AAPC) of −4.19%. Epidemiological changes were the primary contributors to the observed decline in unintentional drowning deaths (decreased by 124985.81). The ASMR of unintentional drowning would continue to decrease slowly at the national level and that the decreasing trends would be stable in the future.

Conclusion: From 1990 to 2021, the mortality rate of unintentional drowning in China showed a downward trend. Males, children under 10 years old, and older adult people aged 65 and above were identified as high-risk factors for drowning. The research findings emphasize the importance of continuing to strengthen data collection systems, identifying risk factors, and developing drowning prevention strategies tailored to China’s national conditions.
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1 Introduction

Drowning, the process of experiencing respiratory impairment from submersion/immersion in liquid (1), poses a significant challenge to global public health (2). It has been reported that, unintentional drowning has become the third leading cause of unintentional injury deaths worldwide, accounting for approximately 9% of all injury-related deaths (3, 4). According to a report by the World Health Organization (WHO), it is estimated that about 300,000 people died from drowning every year (5), and behind this number are countless family tragedies and a heavy social burden.

From both economic and geographic perspectives, the issue of unintentional drowning is particularly severe in low- and middle-income countries, where the number of unintentional drowning deaths accounts for more than 90% of the global burden (6). Additionally, over half of the global drowning incidents occur in the WHO Western Pacific Region and the WHO Southeast Asia Region (7, 8). This geographical disparity reflects the close correlation between unintentional drowning and factors such as economic development level, water resource management, and public safety awareness (9, 10).

China, as the largest developing country, has a large and widely distributed population with a relatively high population density (11). It also boasts diverse topography and abundant water resources. These characteristics provide potential environmental and demographic conditions for the occurrence of drowning incidents in China. It has been reported that, drowning was the fourth leading cause of injury-related deaths in China in 2017, with a prominent issue of childhood drowning (12). In recent decades, China has undergone remarkable economic growth and substantial advancements in infrastructure development and also tried to develop a medium-term health strategy that includes drowning as an injury (13). Despite these significant progressions, the current understanding of the unintentional drowning situation in China has lagged behind.

This research presents a comprehensive overview to further understand the magnitude of unintentional drowning as a public health problem in China. Specifically, this study aims to (i) examine the mortality of fatal unintentional drowning across different age groups and sexes, (ii) explore their temporal trends and the drivers of change, and (iii) predict the mortality rates for the next 10 years in China, using the 2021 Global Burden of Disease (GBD) Study estimates.



2 Methods


2.1 Data source

The GBD is the largest and most comprehensive study to measure the epidemiological levels and trends worldwide (14). The GBD study used a Bayesian meta regression tool (DisMod-MR V.2.1), to pool the heterogeneous data. Detailed methodology for the GBD Study 2021 is available in other sources (15, 16). This current study focuses on unintentional drowning deaths, and the GBD Study 2021 used the ICD-9 code, E910 and ICD-10 codes (W65–W74) for unintentional drowning (4, 17). We extract unintentional drowning deaths in China: mortality rates, based on year, sex, age group (all ages, and by 5-year age groups).

To gain a more nuanced understanding of China’s unintentional drowning situation within the global context and to compare it with other countries and regions, countries and territories were also categorized into quintiles of high, high-middle, middle, low-middle, and low Socio-demographic index (SDI). The SDI is a composite indicator with scores from 0 to 1, based on the geometric mean of a region’s lag-distributed income per capita, the average years of schooling for the population aged 15 and above, and the total fertility rate of women under the age of 25 years (18), on the basis of their 2021 values. This study was approved by the ethics committee of the Zhejiang Provincial Center for Disease Control and Prevention.



2.2 Statistical analysis

Age-standardized mortality rates (ASMR) and their uncertainty interval (UI) were presented using the GBD world population age standard as a reference (19). Direct standardization yields age-adjusted rates, which are weighted averages of age-specific rates, representing the relative age distribution. The ASMR = Σ (age-specific mortality rate × the composition ratio of that age group in the standard population). Estimated annual percentage change (EAPC) and its 95% confidence interval (CI) were calculated.

A Joinpoint regression analysis was conducted to track the changes in mortality of unintentional drowning over time and pinpoint years with significant shifts in the trend and this method allowed us to calculate the average annual percentage change (AAPC) across different trend segments with the optimal number of segments determined by a permutation test (20).

We used decomposition analysis to quantify dynamics of unintentional drowning deaths burden over the study period (21). This method dissects the whole variation into three components: epidemiological changes (i.e., changes due to changes in GBD risk factor prevalence, like environmental factors and behavior factors), population growth, and aging (i.e., population age structure) (22, 23).

Based on the age-period-cohort (APC) model, we then predict mortality rates of unintentional drowning from 2021 to 2031, using Nordpred R package (24). To facilitate a comparison with predicted outcomes, a Bayesian age-period-cohort (BAPC) model using an integrated nested Laplace approximation (INLA) was performed to verify the stability of the predicted results. The analysis was conducted using R software, version 4.0.1 and all testing was two-sided with statistical significance set at α = 0.05.




3 Results

The deaths number attributable to unintentional drowning in China was 57554.02 (95% UI: 47463.15 ~ 69111.96) in 2021, corresponding to ASMR of 4.12 (95% UI: 3.39 ~ 4.96) per 100,000 population (Table 1). The estimated EAPC from 1990 to 2021 was −3.86% (95% CI: −4.05% ~ −3.67%) (Table 1). The global ASMR for unintentional drowning is 3.56 (95% UI: 3.12 ~ 4.01) per 100,000 population, and it shows a decreasing trend with an increase in SDI (Table 1).



TABLE 1 Absolute deaths number and age-standardized mortality rates per 100,000 population from unintentional drowning in 2021, and estimated annual percentage changes (EAPC) for 1990–2021, by SDI Level.
[image: Table1]

In 2021, the mortality was relatively high among children aged 0–10 years (≥4.83 (95%UI: 3.65 ~ 6.31) per 100,000 population) and individuals aged 60 years and above (≥3.65 (95% UI: 2.99 ~ 4.42) per 100,000 population) (Figure 1). The mortality of unintentional drowning was higher for males than females across all age groups (Figure 1). In terms of absolute numbers, the highest number of deaths were recorded in the age groups of <5 years (3753.78, 95% UI: 2834.88 ~ 4903.46), 5–9 years (4938.93, 95% UI: 4207.74 ~ 5751.58), and 10–14 years (4197.10, 95% UI: 3581.12 ~ 4819.72) (Figure 1). More detailed numerical values were provided in Supplementary Table S1.
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FIGURE 1
 The absolute number and age-specific mortality in China in 2021 for both sexes and all ages.


During the period from 1990 to 2021, a decline in total unintentional drowning mortality rate was observed, with an AAPC of −4.19% (Figure 2). Both males and females exhibited a downward trend, with AAPCs of −3.99% and −4.70%, respectively (Figure 2). More detailed numerical values were provided in Supplementary Table S2.
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FIGURE 2
 Joinpoint regression analysis of the age-standardized mortality rate (ASMR) for unintentional drowning in China from 1990 to 2021. The black dots represent the ASMR for the corresponding years, while the endpoints of different colored segments mark the turning points in the trend.


In 2021, unintentional drowning deaths decreased by 117916.70 compared to 1990, with epidemiological changes being the primary factor contributing to this reduction (decreased by 124985.81). The population aging also played a negative impact (decreased by 15023.77) on the unintentional drowning death burden and population growth exerted a positive impact (increased by 22092.88) on the unintentional drowning deaths burden. For males, in comparison to 1990, the overall difference in unintentional drowning deaths in 2021 was −78040.35. Specifically, the changes attributed to epidemiological changes, population aging, and population growth were −79948.20, −12072.23, and 13980.08, respectively (Figure 3).
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FIGURE 3
 Decomposition analysis of the unintentional drowning deaths in China from 1990 to 2021. The black dot represents the overall difference, that is, the reduction in unintentional drowning deaths in 2021 compared to 1990. The bars of different colors indicate the contributions of three factors to the number of unintentional drowning deaths: changes due to aging, population growth, and epidemiological change. The sum of the changes contributed by these three factors equals the overall difference value represented by the black dot.


It is expected that the global ASMR of unintentional drowning will slowly decrease from 2021 to 2031. The ASMR of total unintentional drowning will decline slowly, from 4.12 per 100,000 population in 2021 to 3.33 per 100,000 population in 2031. The prediction results of the BAPC model exhibited a similar trend (Figure 4).
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FIGURE 4
 Predicted trends in the age-standardized unintentional drowning in the next decades in China. (A) Nordpred model. (B) Bayesian age-period-cohort model.




4 Discussion

Our analysis of data from the most recent GBD study revealed that in 2021, the deaths attributable to unintentional drowning in China were 57554.02. Corresponding ASMR were 4.12%. These figures were comparable to those observed in low-middle SDI regions and exceed global averages, aligning with previous research (25). Despite China’s significant progress in economic and social development, unintentional drowning remains a public health issue.

From a sex perspective, between 1990 and 2021, the mortality rate among Chinese males was higher than that of females in most age groups, which was consistent with research findings observed in other regions previously (26, 27). This might be related to the higher self-efficacy of males, who are more willing to take risks and attempt adventurous behaviors (28). Therefore, further research on the contributing factors and protective factors related to the risk of drowning is crucial. In terms of age distribution, we found that the mortality of unintentional drowning in children under 10 and adults over 65 years exceed 4.5 per 100,000 population. The high mortality of unintentional drowning in children under 10 years was consistent with the internationally recognized awareness of the high-risk age groups for drowning death (29, 30). This might be attributed to their curiosity and desire for water but lack of awareness of its dangers and poor parental supervision (2, 31). Compared to unintentional drowning death in children, limited attention had been paid to unintentional drowning deaths in the older adult. The high unintentional drowning mortality among the older adult may be related to their declining physical capabilities (32). Previous studies indicated that as individuals age, they experience a reduction in muscle mass and strength, coupled with a decline in physical flexibility (33, 34). These physiological changes can impair the ability of older adults to effectively respond to emergency situations, including drowning (35). However, recent paper revealed a lack of consensus regarding the risk factors for unintentional drowning among older adults (36). The findings of the current study should be a call to action to invest in drowning prevention among older people in China.

The joinpoint regression results indicated that the ASMR for unintentional drowning, showed an overall decreasing trend over the past three decades. The decomposition analysis indicated that the epidemiological changes of unintentional drowning was the primary contributors to the observed decline in deaths. The rapid urbanization process in China over the past few decades might be a significant factor contributing to the decline in unintentional drowning mortality (37, 38). Urbanization trend has limited public interaction with natural water sources, which were identified as major risk factors for unintentional drowning, with most drownings in China occurring in such waters (39, 40). Urbanization also had shifted people’s activities and entertainment from outdoor to safer indoor environments (41). Simultaneously, urbanization also brings changes in education, such as the increased accessibility to safety education, which may play a significant role in preventing drowning (42). Studies have demonstrated that individuals with advanced education are more likely to implement comprehensive safety practices and opt for safer venues for aquatic activities (43, 44). The results of the current study indicated that certain achievements have indeed been made in the current efforts to prevent unintentional drowning deaths. Therefore, it was necessary to explore the impact of socioeconomic progress and evaluate which intervention measures can effectively reduce the burden of unintentional drowning deaths in China.

Our study conducted predictions on unintentional drowning mortality in China in the next decade. The results revealed a concerning trend: China’s drowning mortality rate might remain higher than the global average even 10 years into the future, and the rate of decline appears to be slowing down over time. This projection underscores the urgent need for novel and innovative measures to effectively address the persisting issue of unintentional drowning in China. Currently, the death cause monitoring system in China employs the International Classification of Diseases (ICD) system, specifically ICD-10, to categorize and report causes of death (45). Although its widespread use and standardization, it still has certain limitations in the classification and coding of drowning. Specifically, the current ICD-10 coding system (codes W65-W74) primarily focuses on the location of drowning (e.g., swimming pools, bathtubs, natural water bodies, etc.), but fails to adequately reflect the specific contextual characteristics and causal mechanisms of drowning events. For instance, in cases of infant drowning, incidents involving common household containers such as buckets or water tanks are often broadly categorized, making it impossible to capture their unique environmental features and prevention priorities. Therefore, establishing a more detailed investigation and coding system for drowning incidents, particularly by incorporating key elements such as the type of container, water depth, and supervision status, will help more accurately identify risk factors and develop targeted prevention strategies, thereby enhancing the scientific rigor and effectiveness of unintentional drowning prevention efforts. It is also necessary to explore and integrate additional data sources and methodologies that can provide a more granular and holistic view of drowning incidents in China (46, 47).



5 Strengths and limitations

This study holds notable importance in exploring the issue of drowning in China, particularly considering that it has been nearly a decade since the last update in this field, which was the GBD 2013 study.

Despite the progress made in addressing the issue of unintentional drowning deaths, our study still faces certain limitations. Firstly, the data of the GBD study mainly depend on the reporting and statistical systems of various countries and regions, which may vary in accuracy and completeness (48). Moreover, the ICD-10 coding used by the GBD study may not fully capture the complexity and details of drowning incidents, such as environmental factors involved in drowning events. Therefore, the research results may be limited by the data sources and analytical methods, and may not fully reflect the true situation of drowning deaths. Secondly, the lack of specific data from sectors such as education and construction, as well as from the provincial level, and detailed information on drowning location, hinders our in-depth analysis of different regions, populations, educational backgrounds, urbanization levels, and drowning sites.

While this study has provided insight into the issue of unintentional drowning deaths in China, several key areas for future research are noted: (1) Enhancing the drowning mortality surveillance system to better capture the intricacies and detailed aspects of unintentional drowning incidents with greater precision. (2) Integrating data across various departments to elevate the quality and depth of research endeavors, while exploring innovative methods to advance the prevention and control of unintentional drowning. (3) Highlighting the significance of unintentional drowning deaths among the older adult population and initiating an investigation into these incidents, along with their corresponding risk factors.



6 Conclusion

From 1990 to 2021, the mortality rate of unintentional drowning in China showed a downward trend. Males, children under 10 years old, and older adult people aged 65 and above were identified as high-risk factors for drowning. The research findings emphasize the importance of continuing to strengthen data collection systems, identifying risk factors, and developing drowning prevention strategies tailored to China’s national conditions.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: The GBD 2021 repository, which is freely available at http://ghdx.healthdata.org/gbd-results-tool.



Ethics statement

The requirement of ethical approval was waived by ethics committee of the Zhejiang Provincial Center for Disease Control and Prevention for the studies involving humans because the results of GBD 2021 study are available in a publicly available database. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board also waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because this study only involves the analysis of publicly available data, which was not collected for the current research purpose and from which individual identities cannot be directly identified.



Author contributions

LY: Formal analysis, Writing – original draft, Writing – review & editing. JL: Writing – review & editing. JZ: Writing – review & editing. FF: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



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 authors declare that no Gen AI was used in the creation of this manuscript.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1533173/full#supplementary-material



References

 1. van Beeck, EF, Branche, CM, Szpilman, D, Modell, JH, and Bierens, JJ. A new definition of drowning: towards documentation and prevention of a global public health problem. Bull World Health Organ. (2005) 83:853–6.

 2. World Health Organization. Global report on drowning: preventing a leading killer. (2014).

 3. World Health Organization. Preventing drowning: an implementation guide. (Geneva, Switzerland: WHO Press, World Health Organization) (2017).

 4. Franklin, RC, Peden, AE, Hamilton, EB, Bisignano, C, Castle, CD, Dingels, ZV , et al. The burden of unintentional drowning: global, regional and national estimates of mortality from the global burden of disease 2017 study. Inj Prev. (2020) 26:i83–95. doi: 10.1136/injuryprev-2019-043484 

 5. World Health Organization. Drowning. Available online at: https://www.who.int/news-room/fact-sheets/detail/drowning (Accessed February 13, 2025).

 6. Szpilman, D, Webber, J, Quan, L, Bierens, J, Morizot-Leite, L, Langendorfer, SJ , et al. Creating a drowning chain of survival. Resuscitation. (2014) 85:1149–52. doi: 10.1016/j.resuscitation.2014.05.034 

 7. World Health Organization. Regional status report on drowning in the western pacific. (2021).

 8. World Health Organization. Status of drowning in South-East Asia: country reports. (2022)

 9. Zalewski, T, Sikora, M, and Czapiewski, T. Drowning rates as a qualitative aspect of regional development. Eur Res Stud J. (2021) XXIV:431–43. doi: 10.35808/ersj/2053

 10. Jalalifar, S, Belford, A, Erfani, E, Razmjou, A, Abbassi, R, Mohseni-Dargah, M , et al. Enhancing water safety: exploring recent technological approaches for drowning detection. Sensors. (2024) 24:331. doi: 10.3390/s24020331 

 11. He, L, and Zhang, X. The distribution effect of urbanization: theoretical deduction and evidence from China. Habitat Int. (2022) 123:102544. doi: 10.1016/j.habitatint.2022.102544

 12. Bureau, NHCD. China injury report 2019. Beijing: People's Health Publishing House.

 13. Lawes, JC, Koshiba, C, Ishikawa, T, Ye, P, Rospel, W, and Peden, AE. Driving an agenda for preventing drowning in the western pacific region. Lancet Reg Health West Pac. (2023) 37:100868. doi: 10.1016/j.lanwpc.2023.100868 

 14. Institute FHMA. Global burden of disease 2021: findings from the GBD 2021 study. Seattle, WA: Institute FHMA (2024).

 15. Vollset, SE, Ababneh, HS, Abate, YH, Abbafati, C, Abbasgholizadeh, R, Abbasian, M , et al. Burden of disease scenarios for 204 countries and territories, 2022–2050: a forecasting analysis for the global burden of disease study 2021. Lancet. (2024) 403:2204–56. doi: 10.1016/S0140-6736(24)00685-8 

 16. Brauer, M, Roth, GA, Aravkin, AY, Zheng, P, Abate, KH, Abate, YH , et al. Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational locations, 1990–2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2162–203. doi: 10.1016/S0140-6736(24)00933-4 

 17. Tan, H, Lin, Z, Fu, D, Dong, X, Zhu, S, Huang, Z , et al. Change in global burden of unintentional drowning from 1990 to 2019 and its association with social determinants of health: findings from the global burden of disease study 2019. BMJ Open. (2023) 13:e70772. doi: 10.1136/bmjopen-2022-070772

 18. Foreman, KJ, Marquez, N, Dolgert, A, Fukutaki, K, Fullman, N, Mcgaughey, M , et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death: reference and alternative scenarios for 2016–40 for 195 countries and territories. Lancet (2018) 392:2052–2090. doi: 10.1016/S0140-6736(18)31694-5

 19. Leary, PJ, Lindstrom, M, Johnson, CO, Emmons-Bell, S, Rich, S, Corris, PA , et al. Global, regional, and national burden of pulmonary arterial hypertension, 1990–2021: a systematic analysis for the global burden of disease study 2021. Lancet Respir Med. (2024) 13:69–79. doi: 10.1016/s2213-2600(24)00295-9

 20. Kim, HJ, Fay, MP, Feuer, EJ, and Midthune, DN. Permutation tests for joinpoint regression with applications to cancer rates. Stat Med. (2000) 19:335–51. doi: 10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z 

 21. Gupta, PD. A general method of decomposing a difference between two rates into several components. Demography. (1978) 15:99–112. doi: 10.2307/2060493 

 22. Nichols, E, Steinmetz, JD, Vollset, SE, Fukutaki, K, Chalek, J, Abd-Allah, F , et al. Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in 2050: an analysis for the global burden of disease study 2019. Lancet Public Health. (2022) 7:e105–25. doi: 10.1016/S2468-2667(21)00249-8 

 23. Lei, S, Huang, G, Li, X, Xi, P, Yao, Z, and Lin, X. Global burden, trends, and inequalities of gallbladder and biliary tract cancer, 1990–2021: a decomposition and age–period–cohort analysis. Liver Int. (2025) 45:e16199. doi: 10.1111/liv.16199 

 24. Du, Z, Chen, W, Xia, Q, Shi, O, and Chen, Q. Trends and projections of kidney cancer incidence at the global and national levels, 1990–2030: a bayesian age-period-cohort modeling study. Biomark Res. (2020) 8:1–10. doi: 10.1186/s40364-020-00195-3 

 25. Lin Chingyih, LC, Wang Yifong, WY, Lu Tsunghsueh, LT, and Kawach, I. Unintentional drowning mortality, by age and body of water: An analysis of 60 countries (2015) 21:Inj Prev, e43–e50. doi: 10.1136/injuryprev-2013-041110,

 26. Moreland, B, Ortmann, N, and Clemens, T. Increased unintentional drowning deaths in 2020 by age, race/ethnicity, sex, and location, United States. J Saf Res. (2022) 82:463–8. doi: 10.1016/j.jsr.2022.06.012 

 27. Karaye, IM, Farhadi, K, Sengstock, G, Shahidullah, S, Taravella, R, and Nasir, R. Recent trends in fatal unintentional drowning rates in the United States, 1999–2020. J Saf Res. (2023) 84:411–7. doi: 10.1016/j.jsr.2022.12.004 

 28. Croft, JL, and Button, C. Interacting factors associated with adult male drowning in New Zealand. PLoS One. (2015) 10:e130545. doi: 10.1371/journal.pone.0130545 

 29. Carter, E, and Sinclair, R. Drowning. Cont Educ Anaesth Crit Care Pain. (2011) 11:210–3. doi: 10.1093/bjaceaccp/mkr041

 30. Tyler, MD, Richards, DB, Reske-Nielsen, C, Saghafi, O, Morse, EA, Carey, R , et al. The epidemiology of drowning in low-and middle-income countries: a systematic review. BMC Public Health. (2017) 17:1–7. doi: 10.1186/s12889-017-4239-2 

 31. Brenner, RA. Childhood drowning is a global concern. BMJ. (2002) 324:1049–50. doi: 10.1136/bmj.324.7345.1049 

 32. Guay, M, D'Amours, M, and Provencher, V. When bathing leads to drowning in older adults. J Saf Res. (2019) 69:69–73. doi: 10.1016/j.jsr.2019.02.003 

 33. Lim, SK, and Kong, S. Prevalence, physical characteristics, and fall risk in older adults with and without possible sarcopenia. Aging Clin Exp Res. (2022) 34:1365–71. doi: 10.1007/s40520-022-02078-z 

 34. Lim, J, and Frontera, WR. Skeletal muscle aging and sarcopenia: perspectives from mechanical studies of single permeabilized muscle fibers. J Biomech. (2023) 152:111559. doi: 10.1016/j.jbiomech.2023.111559 

 35. Arntz, F, Markov, A, Behm, DG, Behrens, M, Negra, Y, Nakamura, M , et al. Chronic effects of static stretching exercises on muscle strength and power in healthy individuals across the lifespan: a systematic review with multi-level meta-analysis. Sports Med. (2023) 53:723–45. doi: 10.1007/s40279-022-01806-9 

 36. Peden, AE, Franklin, RC, and Queiroga, AC. Epidemiology, risk factors and strategies for the prevention of global unintentional fatal drowning in people aged 50 years and older: a systematic review. Inj Prev. (2018) 24:240–7. doi: 10.1136/injuryprev-2017-042351 

 37. Ning, Y, Liu, S, Zhao, S, Liu, M, Gao, H, and Gong, P. Urban growth rates, trajectories, and multi-dimensional disparities in China. Cities. (2022) 126:103717. doi: 10.1016/j.cities.2022.103717

 38. Liu, Y, Gao, H, Cai, J, Lu, Y, and Fan, Z. Urbanization path, housing price and land finance: international experience and china’s facts. Land Use Policy. (2022) 113:105866. doi: 10.1016/j.landusepol.2021.105866

 39. Das, S, Majumder, M, Roy, D, and Mazumdar, A. Determination of urbanization impact on rain water quality with the help of water quality index and urbanization index. Impact of climate change on. Nat Resour Manag. Dordrecht: Springer Netherlands. (2010). 131–42. doi: 10.1007/978-90-481-3581-3_7 

 40. Qiao Zhi, G, and Wen, JM. Drowning and its prevention. Chin J Epidemiol. (2009) 30:1311–4.

 41. Morris, EA. Do cities or suburbs offer higher quality of life? Intrametropolitan location, activity patterns, access, and subjective well-being. Cities. (2019) 89:228–42. doi: 10.1016/j.cities.2019.02.012

 42. Wang, D, and Teng, Y. Educational migration and rural decline in China. China J. (2022) 88:100–25. doi: 10.1086/719473

 43. Rahman, A, Mashreky, SR, Chowdhury, SM, Giashuddin, MS, Uhaa, IJ, Shafinaz, S , et al. Analysis of the childhood fatal drowning situation in Bangladesh: exploring prevention measures for low-income countries. Inj Prev. (2009) 15:75–9. doi: 10.1136/ip.2008.020123 

 44. Ali, DK, Reza, M, and Shahrokh, YC. Maternal beliefs and socioeconomic correlated factors on child mortality from drowning in Caspian Sea coastline. Bull Emerg Trauma. (2014) 2:86–91.

 45. Qi, J, Li, M, Wang, L, Hu, Y, Liu, W, Long, Z , et al. National and subnational trends in cancer burden in China, 2005–20: an analysis of national mortality surveillance data. Lancet Public Health. (2023) 8:e943–55. doi: 10.1016/S2468-2667(23)00211-6 

 46. Işın, A, and Peden, AE. Assessing variations in estimates of drowning mortality in Turkey from 2013 to 2019. Arch Public Health. (2022) 80:178. doi: 10.1186/s13690-022-00944-w 

 47. Queiroga, AC, Seabra, R, Franklin, RC, and Peden, AE. Trends in drowning mortality in Portugal from 1992 to 2019: comparing global burden of disease and national data. Inj Prev. (2022) 28:318–24. doi: 10.1136/injuryprev-2021-044415 

 48. 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 


Copyright
 © 2025 You, Liu, Zhong and Fei. 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.

OPS/images/fpubh-13-1533173-t001.jpg
Regions Absolute deaths numberin  Age-standardized mortality rates EAPC (95% CI)

2021 (95% UI) (95% UI)
China 57554.02 (47463.15, 69111.96) 4.12(3.39,4.96) ~3.86 (—4.05, -3.67)
Global 274230.18 (24219292, 307179.57) 356 (3.12,4.01) —279(~289, -2.70)
Low SDI 57443.13 (4499474, 70171.28) 5.25 (4.26,6.26) ~2.00 (205, -1.94)
Low-middle SDI 77707.92 (66939.26, 89341.57) 4.25(3.66,4.88) ~2.56 (=267, ~2.46)
Middle SDI 8310933 (73471.73, 94045.42) 3.52(3.10,4.00) —3.43(-350,-3.37)

High-middle SDI 35586.97 (3110312, 40564.11) 256 (2.24,293) ~3.45 (=376,

.14)

High SDI 2015318 (17768.08, 21866.72) 131(1.18,1.42) ~2.12(-2.18,-2.05)





OPS/images/fpubh-13-1533173-g003.jpg
7 E—

G

e






OPS/images/fpubh-13-1533173-g004.jpg
2 %

(wonerndod 000004 1od) s Aeow pozpiepuEs-a6y

<

i i v s i e





OPS/xhtml/Nav.xhtml




Contents





		Cover



		National estimates of mortality of unintentional drowning in China from 1990 to 2021 and its predicted level in the next decade: results from the global burden of disease study 2021



		1 Introduction



		2 Methods



		2.1 Data source



		2.2 Statistical analysis









		3 Results



		4 Discussion



		5 Strengths and limitations



		6 Conclusion



		What is already known on this topic



		What this study adds



		How might this study affect research, practice, or policy









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-13-1533173-g001.jpg
Total

=
£
g
g
;.4
H
2
g
g
3
H
§

B SR
Age

Male Female

BB S 9&&9@9&4‘@9@*¢&

(uoneindod 000004 19d) AueLoN
(uoneindod 000001 Jod) AueHow

o

X

o
BRBCIBIILL B PSS P 5D b D o D 4P 996‘«!@«“1%‘@%@

RIS NOE DOCA OISO
B A R OO S o S S S S S S o

Age Age






OPS/images/fpubh-13-1533173-g002.jpg
Total

Obsoved pon A4PC= 410

19001998 0= 208

wi0a03mece 821
20122020 0= 450

‘Age-standardzed rate (po 100000 populations)

— tomntms AP 105"
— tomsztneapes 2
S oiiiee am = Obsanedpon AspCe 47

‘Age-standardized rat





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

National estimates of mortality of
unintentional drowning in China
from 1990 to 2021 and its
predicted level in the next
decade: results from the global
burden of disease study 2021












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






