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Drowning is a major global public health issue with marked variations in incidence, mortality, and 
disability-adjusted life years (DALYs) across regions, age groups, and sexes. Although previous studies 
have examined global trends in drowning, few have comprehensively analyzed regional and national 
disparities while addressing potential reporting biases and confounding factors. Data from the Global 
Burden of Disease (GBD) Study 2021, focusing on drowning-related incidence, death rates, and DALYs, 
and examined trends from 1990 to 2021 across various regions and countries. The study used age-
standardized rates to assess trends and risk factors associated with drowning. In 2021, there were 
856.1 thousand drowning cases globally, leading to 274.2 thousand deaths and 15.7 million DALYs. 
Age-standardized rates showed significant reductions since 1990: incidence decreased by 51.5% to 
11.1, deaths by 60.9% to 3.6, and DALYs by 67.3% to 211.9. Solomon Islands, Belarus, and Ukraine 
had the highest incidence rates, while Nauru, Central African Republic, and Marshall Islands reported 
the highest death and DALYs rates. DALYs rates were highest in children aged 0–5 years and declined 
with age. A negative correlation was observed between SDI and DALYs rates. Key risk factors included 
occupational injuries (13.2%), high temperature (4.6%), and alcohol use (1.7%), while low temperature 
had a negative contribution (-10.6%). Despite reductions, drowning remains a major public health 
issue, especially in low-SDI countries. Targeted interventions addressing Occupational injuries, High 
temperature and Alcohol use are essential to further reduce drowning-related morbidity and mortality.
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Drowning is a significant global public health concern, causing substantial mortality and morbidity worldwide1. 
It is not only a major cause of unintentional injury-related deaths but also contributes to long-term disability 
and socioeconomic burdens, particularly in low- and middle-income countries2. The Global Burden of Disease 
(GBD) study provides a comprehensive framework for assessing the burden of drowning across different regions 
and sociodemographic strata3. This study not only identifies disparities and tracks progress over time but also 
informs targeted interventions.

The magnitude and distribution of drowning-related health outcomes vary widely across regions, countries, 
and populations. Over the past three decades, significant efforts have been made to implement drowning 
prevention strategies. Earlier studies indicated a high burden of drowning, particularly in low-income 
regions, whereas the 2021 findings reflect substantial declines in drowning rates in high-income regions due 
to improvements in water safety infrastructure, public education, and swimming lessons1. However, regions 
such as Oceania and Sub-Saharan Africa still face high drowning burdens due to limited infrastructure and 
preventive strategies2. For instance, drowning disproportionately affects young children and individuals in lower 
socioeconomic settings, where access to preventive measures and emergency care may be limited3. Furthermore, 
factors such as occupational hazards, extreme weather conditions, and alcohol use exacerbate the risk in certain 
populations4. In addition to socioeconomic and environmental determinants, cultural factors play a crucial role 
in drowning risk. Cultural practices—such as norms around child supervision near water, traditional water-
related recreational activities, and attitudes toward alcohol consumption—can significantly modulate exposure 
to drowning hazards. For instance, in certain regions, a cultural acceptance of unsupervised water play may 
contribute to the disproportionately high incidence among young children, while in others, gender roles 
influence the likelihood of engaging in risky water-based occupations. Recognizing these cultural nuances is 
essential for designing effective, community-specific interventions5,6.

Although significant progress has been made in reducing the global burden of drowning over the past 
three decades, marked regional and demographic disparities persist. East Asia has seen a larger-than-expected 
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reduction in drowning rates, which can be attributed to several factors: the introduction of public health campaigns 
promoting water safety, substantial improvements in water infrastructure, and government policies mandating 
swimming lessons in schools. In particular, the successful implementation of national swimming programs in 
China, coupled with improvements in safety regulations and public awareness in countries like Japan and South 
Korea, has contributed to this reduction. Further investigation into the role of socioeconomic development and 
urbanization in these trends would provide valuable insights into the key drivers of change7. Understanding the 
evolving trends in incidence, mortality, and disability-adjusted life years (DALYs) attributable to drowning is 
critical to addressing these inequities8. Additionally, examining the association between drowning burden and 
the sociodemographic index (SDI), as well as the role of specific risk factors, can guide evidence-based policies 
and interventions9. In addition to socioeconomic and environmental determinants, cultural factors—such as 
child supervision practices and attitudes toward alcohol consumption—play crucial roles in shaping drowning 
risks.

This study aims to provide a detailed analysis of the burden of drowning from 1990 to 2021, using data from 
the GBD 2021 study. By quantifying trends in incidence, mortality, and DALYs across different regions, age 
groups, and sexes, and by exploring their relationship with SDI, this study seeks to inform strategies to mitigate 
the global burden of drowning and promote health equity.

Furthermore, an analysis of how the GBD methodology has evolved would strengthen the understanding 
of progress and gaps in drowning prevention strategies. Hypothesis-driven questions, such as: "What role have 
global health initiatives played in mitigating drowning in vulnerable regions?" could provide a clear direction for 
further investigation into the effectiveness of these strategies.

Methods
Data source
The Global Burden of Disease 2021 study estimated the burden of 376 diseases and injuries and 87 risk factors 
from 1990 to 2021 in 204 countries and territories and 21 regions. Detailed descriptions of the methodologies 
have been reported, and fatal and non-fatal estimates have been published (https://vizhub.healthdata.org/gbd-
compare/ and https://ghdx.healthdata.org/gbd-results-tool).

Data analysis
Data on the incidence, deaths, and disability-adjusted life years (DALYs) for drowning, along with attributable 
risk factors, were obtained from the Global Burden of Disease (GBD) 2021 study, which covers 204 countries 
and territories over the period from 1990 to 2021. Estimates of incidence, deaths, and DALYs were calculated per 
100,000 population, with corresponding 95% uncertainty intervals (UIs) derived from posterior distributions. 
These estimates ensure reliability by incorporating uncertainty and adjusting for incomplete or inconsistent 
reporting across regions. The statistical methods used in the analysis include Spearman’s rank correlation 
coefficients to assess the association between sociodemographic index (SDI) levels and age-standardized 
incidence rates (ASIR) and disability-adjusted life years (DALYs). Additionally, locally weighted scatterplot 
smoothing (LOWESS) curves were used to model the trends in drowning rates across different regions and SDI 
levels over time. In order to account for potential inconsistencies or biases in reporting drowning-related deaths 
across different countries, we performed sensitivity analyses and applied statistical adjustments to correct for 
incomplete or inconsistent reporting. All data management was performed using Microsoft Excel and R (version 
4.4.1)10, and the figures were created using R (version 4.4.1). P-value of less than 0.05 was regarded as statistically 
significant.

Results
Global
Level In 2021, 856.1 thousand (Table 1) incidence cases of drowning were reported globally, with an age-
standardized point incidence of 11.1 per 100,000, a decrease of 51.5% since 1990. Drowning accounted for 274.2 
thousands deaths in 2021, with an age-standardized rate of 3.6, a decrease of 60.9% since 1990. In 2021, the 
number of DALYs for drowning globally was 15.7 million, with an age-standardized rate of 211.9 DALYs per 
100,000, a 67.3% decrease since 1990 (Table 1).

Regional level
In 2021, Eastern Europe (21.8), Central Asia (19.0), and East Asia (16.6) had the highest age-standardized point 
incidences for drowning (per 100,000) , whereas Central Sub-Saharan Africa (5.3), Eastern Sub-Saharan Africa 
(5.7) and Western Sub-Saharan Africa (5.7),had the lowest (Table 1). Oceania (8.4), Central Sub-Saharan Africa 
(6.1), and Caribbean (5.1) had the highest age-standardized death rates from drowning in 2021, with the lowest 
rates in Western Europe (0.6), Australasia (0.8), and High-income North America (1.0) (Table 1). In 2021, 
Oceania (520.7), Central Sub-Saharan Africa (386.1), and Caribbean (348.1) had the highest age-standardized 
DALYs rates (per 100,000) whereas Western Europe (29.3), Australasia (45.4), and High-income North America 
(61.2) had the lowest (Table 1). Figures S1-S3 show the age-standardized point incidence, death, and DALYs 
rates of drowning, respectively, by sex in 2021 for all regions in the Global Burden of Disease study. No region 
increased in the age-standardized point incidence of drowning, from 1990 to 2021,and the greatest decreases in 
East Asia (-57.0%), Eastern Europe (-56.7%) and Tropical Latin America (-56.5%) (Table 1). In the same period, 
all regions showed a decrease in the age-standardized death rates from drowning, with the largest decreases in 
East Asia (-73.6%), Southern Latin America (-67.2%), and Central Latin America (-65.5%) (Table 1).The age-
standardized DALYs rates decreased in all regions from 1990 to 2021, with the largest decreases in East Asia 
(-79.7%), Central Europe (-69.5%) and Eastern Europe (-68.4%) (Table 1). Figures S1-S3 show the percentage 
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change, from 1990 to 2021, in age-standardized point incidence, death, and DALYs rates for drowning by sex, 
respectively.

The number of incidence cases of drowning decreased from 1290.5 thousand in 1990 to 856.1 thousand in 
2021. East Asia, South Asia, and Southeast Asia had the highest numbers of incident cases in 1990, whereas East 
Asia, South Asia, and Southeast Asia had the highest numbers in 2021 (table S1). The number of deaths caused 
by drowning decreased from 516.2 thousand in 1990 to 274.2 thousand in 2021, with East Asia, South Asia and 
Southeast Asia having the highest numbers of deaths in 2021 (table S2). The number of DALYs due to drowning 
decreased from 38.3 million in 1990 to 15.7 million in 2021, with East Asia, South Asia and Southeast Asia 
having the highest numbers of DALYs in 2021 (table S3).

Incidence (95% UI) Deaths (95% UI) DALYs (95% UI)

No, in 
thousands 
(95% UI)

ASR s per 
100 000 
(95% UI)

Percentage change 
in ASR s from 1990 
to 2021

No, in 
thousands 
(95% UI)

ASR s 
per 100 
000 (95% 
UI)

Percentage change 
in ASRs from 1990 
to 2021

No, in thousands 
(95% UI)

ASR s per 100 
000 (95% UI)

Percentage 
change in 
ASR s from 
1990 to 
2021

Global 856.1 
(764.3,963.6)

11.1 
(9.9,12.5) -51.5 (-53.5,-49.2) 274.2 

(252,298)
3.6 
(3.2,3.9) -60.9 (-64.8,-56.7) 15,697.3 

(14,080.4,17,406.5)
211.9 
(188.9,236.6)

-67.3 (-71.1,-
63.2)

High-income 
Asia Pacific

39.6 
(34.8,45.5)

13.4 
(11.8,15.1) -36.9 (-39.6,-34.1) 9.8 

(8.2,10.6)
2.1 
(1.9,2.2) -39 (-43.9,-35.1) 183.9 (164.4,194.3) 62 (58.6,64.8) -65.7 (-67.9,-

63.5)

High-income 
North 
America

26 (22.7,30) 8.1 (7,9.5) -33.8 (-35.7,-31.9) 4 (3.8,4.1) 1 (1,1.1) -39.2 (-41.4,-36.7) 194.9 (187.7,202.1) 61.2 
(58.5,64.2)

-45.2 (-47.7,-
42.5)

Western 
Europe 25.1 (22,28.8) 6 (5.1,7) -35.6 (-38.2,-33) 3.4 (3.3,3.6) 0.6 

(0.6,0.6) -55.1 (-56.4,-53.6) 125.5 (121.6,129.6) 29.3 
(28.3,30.5)

-61.3 (-62.7,-
59.7)

Australasia 2.2 (1.8,2.5) 7.8 (6.7,9.3) -40.9 (-45.3,-36.7) 0.3 (0.2,0.3) 0.8 
(0.7,0.8) -60 (-62.5,-57.6) 12.4 (11.8,13) 45.4 (42.9,48) -64.1 (-66.6,-

61.5)

Andean Latin 
America 6 (5.5,6.7) 9.1 

(8.3,10.1) -42.4 (-45.3,-39) 1.5 (1.3,1.8) 2.3 (2,2.8) -62.8 (-69.5,-55.1) 86.8 (72.9,103.6) 131.6 
(110.5,157.4)

-66.3 (-72.7,-
58.8)

Tropical Latin 
America

18.7 
(16.3,21.8)

8.6 
(7.5,10.1) -56.5 (-58.7,-54.1) 5.8 (5.5,6) 2.5 

(2.4,2.6) -58.5 (-60.7,-56.2) 319.2 (301.2,335.9) 143.8 
(133.8,153.1)

-61.9 (-64.6,-
59.2)

Central Latin 
America

18.3 
(16.3,20.6) 7.5 (6.7,8.5) -48.8 (-50.3,-47.4) 4.4 (3.9,5) 1.8 (1.5,2) -65.5 (-69.8,-60.9) 254.4 (222.7,290.4) 102.5 

(89.1,118.4)
-67.3 (-71.7,-
62.5)

Southern 
Latin America 6 (5.4,6.7) 10.2 

(9.2,11.5) -42.4 (-45.4,-39.1) 0.8 (0.7,0.8) 1.2 
(1.1,1.2) -67.2 (-69,-65.2) 42.5 (40.3,44.9) 69.8 (65,74.8) -68.2 (-70.6,-

65.6)

Caribbean 6.2 (5.7,6.8) 13.9 
(12.7,15.4) -18.7 (-22.5,-14.9) 2.3 (1.8,2.7) 5.1 

(4.1,6.1) -36.3 (-49,-22.4) 149.9 (120.4,182.7) 348.1 
(277.3,426.7)

-38.3 (-51.4,-
23.3)

Central 
Europe 11.1 (10,12.4) 10.3 

(9.3,11.7) -46.8 (-48.6,-44.7) 2 (1.9,2.2) 1.4 
(1.3,1.5) -63.8 (-66.4,-61.4) 83.9 (78.3,89.1) 71.8 

(66.6,76.2)
-69.5 (-71.7,-
67.5)

Eastern 
Europe 43 (38,48.4) 21.8 

(19.4,24.6) -56.7 (-58.7,-54.4) 7.8 (7.1,8.5) 3.3 
(3.1,3.6) -64.4 (-67.5,-61) 361.6 (332.1,392.1) 176.7 

(163.2,190.4)
-68.4 (-71,-
65.7)

Central Asia 18.4 
(17.1,19.9)

19 
(17.7,20.5) -51.7 (-53.4,-49.9) 3.8 (3.4,4.3) 3.9 

(3.5,4.4) -62.9 (-66.8,-58.3) 243.2 (216.7,276.9) 248.2 
(221.2,282.5)

-64.7 (-68.7,-
59.9)

North Africa 
and Middle 
East

47 (42.2,53.2) 7.5 (6.7,8.4) -41.1 (-43.4,-38.5) 10.1 
(8.5,11.5)

1.6 
(1.4,1.9) -62.2 (-68.5,-54.7) 667.2 (562,769.3) 104.7 

(88.3,120.8)
-66.1 (-72.3,-
59.1)

South Asia 195.9 
(170.8,226.2)

11.1 
(9.8,12.7) -45.5 (-47.8,-42.8) 75.6 

(67.5,83.8)
4.4 
(3.9,4.9) -59.1 (-64.7,-52.6) 4509 

(3954.7,5042.5)
251.9 
(220.1,283.1)

-66.2 (-71.1,-
60.3)

Southeast 
Asia

81.7 
(75.1,90.2)

12.5 
(11.4,13.7) -43.2 (-45.4,-40.9) 30.4 

(26.9,34.2)
4.7 
(4.1,5.3) -53.7 (-60.1,-45.9) 1841.3 

(1616.1,2098.9)
285.2 
(249.4,325.6)

-60.5 (-66.5,-
53.2)

East Asia 232.4 
(205.6,264.4)

16.6 
(14.6,18.9) -57 (-59.9,-53.5) 59.3 

(51.4,67.9)
4.1 
(3.6,4.7) -73.6 (-78.1,-69) 2779.2 

(2419.4,3152.2)
231.4 
(202,261.7)

-79.7 (-83.1,-
76.2)

Oceania 1.9 (1.8,2.1) 12.7 
(11.6,13.9) -18.2 (-22.3,-14.1) 1.2 (0.9,1.5) 8.4 

(6.5,10.5) -17.1 (-32.3,3.5) 82.2 (62.1,104.8) 520.7 
(399.1,658.3)

-16 
(-31.2,5.5)

Western 
Sub-Saharan 
Africa

33 (28.7,38.4) 5.7 (5,6.5) -27.2 (-29.6,-24.7) 24 
(16.8,31.2)

4.5 
(3.4,5.6) -44.4 (-55.7,-30.7) 1829.5 

(1249.5,2419.4)
275.6 
(195.1,357.7)

-51.5 (-62.5,-
37.6)

Eastern 
Sub-Saharan 
Africa

26.4 
(22.9,30.6) 5.7 (5.1,6.4) -35.7 (-37.9,-33.1) 15.4 

(12.8,18.2)
4.1 
(3.6,4.7) -52 (-59.3,-42.4) 1057.4 

(857.3,1291.4)
214.1 
(178.4,253.2)

-60.1 (-66.9,-
50.6)

Central 
Sub-Saharan 
Africa

8.2 (7.1,9.4) 5.3 (4.7,5.9) -34 (-37.5,-29.7) 9 (6.7,11.6) 6.1 
(4.7,7.7) -56.5 (-66.6,-43.6) 658.5 (479.9,850.1) 386.1 

(291,494.4)
-62.7 (-71.7,-
51.2)

Southern 
Sub-Saharan 
Africa

8.9 (7.9,10) 11 
(9.9,12.3) -35.3 (-37.7,-32.6) 3.3 (2.9,3.8) 4.1 

(3.6,4.7) -21.8 (-31.5,-10.3) 214.9 (186.1,250.6) 258.5 
(223.8,301.8)

-25 (-35,-
12.1)

Table 1. Incident cases, deaths, and disability adjusted life years (DALYs) for drowning in 2021, and 
percentage change in age standardised rates (ASRs) per 100,000, by Global Burden of Disease region, from 
1990 to 2021.
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National level
In 2021, the national age-standardized point incidence of drowning ranged from 4.5 to 40.6 cases per 100,000. 
Solomon Islands (40.6), Republic of Belarus (28.5), and Ukraine (28.4) had the highest age-standardized point 
incidence of drowning with Republic of Equatorial Guinea (4.5), United Kingdom of Great Britain and Northern 
Ireland (4.5, and Republic of Italy (4.5) having the lowest estimates (Fig.  1 and table S1). The national age-
standardized death rates for drowning in 2021 varied from 0 to 14.4 deaths per 100,000. The highest rates were 
seen in Republic of Nauru (14.4), Central African Republic (12.0), and Republic of the Marshall Islands (11.8), 
whereas the lowest rates were found in Principality of Andorra (0), Republic of San Marino (0.2), and Grand 
Duchy of Luxembourg (0.3) (fig S1 and table S2). In 2021 the national age-standardized DALYs rate of drowning 
ranged from 0.6 to 817.7 patients per 100,000. The highest rates were seen in Republic of Nauru (817.7), Central 
African Republic (802.6), and Republic of Niue (801.5) (fig S2 and table S3).

The percentage change in the age-standardized point incidence, from 1990 to 2021, differed noticeably 
between countries, with Republic of Vanuatu (15.5%), Kingdom of Lesotho (12.6%), Republic of the Marshall 
Islands (6.1%) having the largest increases. In contrast, Republic of Estonia (− 70.2%), Turkmenistan (− 67.3%), 
and Taiwan (Province of China) (− 67.1%) had the largest decreases (table S1) . Over the same period, Republic 
of Cabo Verde (89.6%), Kingdom of Lesotho (51.6%), and Republic of Zimbabwe (39.8%) had the largest 
increases in the age-standardized death rate, whereas the largest decreases were found in Republic of Estonia 
(− 83.5%), People’s Republic of Bangladesh (− 79.3%), and Taiwan (Province of China) (− 78.4%) (table S2). 
Republic of Niue (60.7%), Tokelau (60.3%), and Republic of Cabo Verde (56.2%) had the largest increases in 
age-standardized DALYs rate of drowning from 1990 to 2021. In contrast, the greatest decreases during the 
study period were found in Republic of Estonia (− 86.5%), Republic of Korea (− 86.0%), and Taiwan (Province 
of China) (− 82.9%) (table S3).

Age and sex patterns
In 2021, the global point incidence of drowning started to decrease in the 0–4 age group and peaked in 0–4 
age group Similarly, the number of incident cases was highest in the 0–4 age group, but then decreased with 
increasing age. The number of incident cases of drowning was higher in women up to age 10–14 years, but 
drowning was more common in women older than 65 years (Fig. 2). In 2021, the global drowning death rate 
reached its highest level in 0–4 age group and was higher in men up to age 0–4 years, but drowning was more 

Fig. 1. Age standardised point incidence of drowning per 100 000 population in 2021, by country. Created by 
R (version 4.4.1), ggplot2 (version 3.5.1) [URL:  h t t p s :  / / g g p l  o t 2 . t i d y v e r s e . o r g     ] , s f ( v e r s i o n 1 . 0 - 2 0 ) [ U R L :   h t t p s : / / r - s 
p a t i a l . g i t h u b . i o / s f /     ] , t m a p t o o l s ( v e r s i o n 3 . 2 ) [ U R L :   h t t p s :  / / c r a n  . r - p r o  j e c t . o  r g / w e  b / p a c k  a g e s / t  m a p t o o  l s / i n d e x . h t m 
l],maps(version3.4.2.1)[URL:  h t t p s :   /  / c r a  n .  r - p r o j e  c t  . o  r g /   w e b / p a  c k a  g e  s /  m a p  s / i  n d e x . h t m l].
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common in women older than 5 years. The number of deaths was highest in the 0- 4 age groups, for both sexes, 
after which the numbers decreased with increasing age. The number of deaths caused by drowning was higher 
in men aged up to 0–89 years (fig S6). In men, the global DALYs rate of drowning increased up to age 0–4 years 
and then decreased with advancing age, as well as women. Also, the number of DALYs peaked in the 0–4 age 
groups and was higher in men up to age 0–89 years. (fig S7).

Association with the sociodemographic index
At the regional level, we found a declined curve between the sociodemographic index and the age-standardized 
DALYs rate of drowning, from 1990 to 2021. The age-standardized DALYs rate decreased exponentially 
with increases in sociodemographic index, up to a sociodemographic index of about -0.7. East Asia, Central 
Sub − Saharan Africa, Southeast Asia, Oceania and Eastern Europe had higher than expected DALYs rates, 
based on their sociodemographic index11, from 1990 to 2021. In contrast, Eastern Sub − Saharan Africa, Western 
Sub − Saharan Africa, North Africa and Middle East, Southern Latin America , Central Latin America , Central 
Europe , Andean Latin America , Tropical Latin America and Western Europe had lower than expected burdens 
from 1990 to 2021 (Fig. 3).

At the country level, in 2021, the burden of drowning decreased with increasing socioeconomic development 
up to a sociodemographic index of about -0.56 (fig S3). Countries and territories such as Central African Republic, 
Republic of Nauru and Republic of Niue had much higher than expected burdens, whereas Luxembourg, San 
Marino and Andorra had much lower than expected burdens (fig S3).

Risk factors
The proportion of DALYs due to drowning that were attributable to individual risk factors differed across the 
Global Burden of Disease regions12. Globally, occupational injuries (13.2%), high temperature (4.6%) and 
alcohol use (1.7%) had the highest contributions to DALYs due to drowning.In contrast,low temperature 
was showing a negative contribution (-10.6%). (Fig. 4). The proportion of DALYs due to drowning that were 
attributable to occupational injuries and alcohol use were higher in men, whereas the proportion attributed to 
high temperatures was more prominent among women. (fig S4 and fig S5).

Discussion
This study offers an extensive analysis of the global, regional, and national drowning burdens from 1990 to 2021, 
utilizing data from the Global Burden of Disease (GBD) 2021 study. We systematically extracted drowning-
related incidence, mortality, and disability-adjusted life years (DALYs) through standardized methodologies, 
including age-standardization, joinpoint regression, and uncertainty estimation via 95% confidence intervals. 
These validated techniques, as detailed in prior GBD studies3,7, ensure the reliability and precision of our 
findings. Key novel insights from this study include the identification of distinct age and sex-specific patterns, 

Fig. 2. Number of incident cases globally and incidence of drowning per 100 000 population, by age and sex in 
2021. Lines indicate incident case with 95% uncertainty intervals for men and women.
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Fig. 4. Percentage of DALYs due to drowning attributable to risk factors for 21 GBD regions in 2021.

 

Fig. 3. Age standardised disability adjusted life year (DALY) rates of drowning for the 21 Global Burden of 
Disease regions by sociodemographic index, 1990–2021. Thirty-two points are plotted for each region and 
show the observed age standardised DALY rates from 1990 to 2021 for that region. Expected values, based on 
sociodemographic index and disease rates in all locations, are shown as a solid line.
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with the highest burden observed among children aged 0–4 years. Furthermore, we demonstrated an exponential 
decline in drowning DALYs with increasing Socio-Demographic Index (SDI), highlighting regions with 
disproportionately high or low burdens.

We conducted stratified analyses by geographical region, age group, sex, and SDI level. These subgroup 
analyses facilitated an understanding of variations in drowning trends and allowed us to identify significant 
differences across regions. For instance, Oceania and Central Sub-Saharan Africa consistently exhibited high 
drowning burdens, while Western Europe and high-income North America demonstrated significantly lower 
burdens. Moreover, joinpoint regression analysis confirmed that the observed declines in age-standardized 
drowning rates from 1990 to 2021 were statistically significant (p < 0.001), reinforcing our interpretation of these 
trends.

At the regional level, Eastern Europe, Central Asia, and East Asia reported the highest age-standardized 
incidence rates, whereas Oceania, Central Sub-Saharan Africa, and the Caribbean exhibited the highest death 
and DALYs rates. Stratified analyses revealed that although occupational injuries, high temperature, and alcohol 
use were key risk factors globally, their relative contributions varied by region. For instance, in low-income and 
high-temperature regions, occupational injuries and high ambient temperatures had a greater impact, while 
alcohol use was relatively more influential in high-SDI countries.Additionally, climate vulnerability plays a 
pivotal role—rising sea levels and extreme weather events such as floods and cyclones exacerbate drowning risks 
in island nations like the Solomon Islands and Nauru. In Sub-Saharan Africa, rapid urbanization coupled with 
insufficient water safety policies, especially in informal settlements, further intensifies drowning risks. These 
findings underscore the urgent need for targeted interventions addressing both infrastructure gaps and climate 
adaptation strategies13. In contrast, the low drowning burden observed in Western Europe and high-income 
North America reflects the success of comprehensive drowning prevention strategies, including public awareness 
campaigns, swimming education, and robust water safety infrastructure14. However, regions such as Eastern 
Europe and East Asia presented higher-than-expected drowning burdens, despite improved socioeconomic 
conditions. This phenomenon has been linked to lingering gaps in water safety regulations, alcohol misuse, and 
cultural practices surrounding water-related activities15.

At the national level, the Solomon Islands, Republic of Belarus, and Ukraine had the highest drowning 
incidences. In contrast, countries such as Nauru, the Central African Republic, and the Marshall Islands 
exhibited the highest death and DALYs rates. Notably, despite a significant inverse relationship between SDI and 
drowning burden, some high-SDI countries still experienced elevated drowning rates, possibly due to cultural 
practices and gaps in local water safety regulations.Island nations like the Solomon Islands and Nauru face 
elevated risks due to extensive exposure to open water and insufficient safety measures, while Belarus’s high 
rates are possibly associated with abundant inland water bodies and underdeveloped water safety policies. These 
findings highlight the importance of geographic, cultural, and socioeconomic determinants in shaping drowning 
risks16. Discrepancies in rapidly transitioning nations like the Republic of Korea and Taiwan also suggest that 
urbanization, public health initiatives, and cultural shifts may have contributed to more significant reductions in 
drowning burdens than expected17.

This study’s broader implications transcend statistical reporting. By elucidating the multifactorial 
determinants of drowning—including environmental, cultural, and socioeconomic factors—it offers a valuable 
evidence base for improving public health outcomes. Tailored interventions, as recommended herein, have the 
potential to significantly reduce drowning-related morbidity and mortality. Furthermore, the study’s rigorous 
methodological approach provides essential insights for international organizations and local governments 
aiming to allocate resources efficiently and implement prevention measures that are sensitive to regional and 
cultural contexts. This comprehensive approach is crucial in reducing health disparities and enhancing the 
overall well-being of populations globally.

Analysis by age and sex indicated that drowning incidents and DALYs peaked in children aged 0–4 years. 
While incident cases were higher in girls up to age 10–14 years, drowning deaths were predominantly observed in 
young boys, and in older age groups, the patterns reversed18. Overall, men exhibited higher drowning mortality 
up to age 89, whereas the highest DALYs were recorded in the 0–4 age group across both sexes. This is consistent 
with previous research, which attributes these trends to developmental immaturity, lack of supervision, and 
increased exposure to water hazards. Additionally, drowning remains notably more prevalent among men across 
all age groups, likely due to their greater engagement in high-risk activities and higher alcohol consumption, as 
observed in previous studies19. Notably, the higher burden seen among older women in certain regions warrants 
further exploration, as it may reflect region-specific gender roles and water-related activities.

In examining the association with SDI, our results reinforce earlier findings indicating an inverse relationship 
between drowning burden and socioeconomic development20. Countries with lower SDI scores, particularly 
in Sub-Saharan Africa and Oceania, exhibit persistently high drowning rates, while high-income regions with 
higher SDI scores report considerably lower burdens. This study also identifies regional outliers, such as Nauru 
and the Central African Republic, where disproportionately high drowning burdens exceed expectations based 
on SDI alone21. These findings underscore the necessity of considering non-SDI-related factors, including 
environmental, cultural, and policy influences. A robust negative correlation was observed between the Socio-
Demographic Index (SDI) and drowning DALYs, although some high-SDI countries still experienced elevated 
drowning rates, likely due to cultural practices and local water safety policy gaps.

Regarding risk factors, our analysis confirms previous reports highlighting occupational injuries, high ambient 
temperatures, and alcohol consumption as major contributors to drowning-related DALYs. Climate change is 
expected to amplify the frequency and severity of extreme weather events, such as floods and hurricanes, which 
could significantly impact drowning rates. Coastal and low-lying areas, especially in Oceania and Sub-Saharan 
Africa, are at increased risk due to rising sea levels and more frequent storms. These regions may experience an 
exacerbation of drowning incidents as climate change contributes to higher water-related fatalities. Interestingly, 
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low ambient temperatures appear to exert a protective effect, likely due to reduced participation in water-related 
activities during colder periods, highlighting the complex interplay between environmental conditions and 
drowning risk22. Furthermore, sex-specific differences were observed: while occupational injuries predominantly 
affect men, high temperatures appear to influence drowning rates more acutely among women.

Our analysis of data from 2019 to 2021 suggests that lockdown measures and movement restrictions during 
the COVID-19 pandemic were associated with a modest reduction in drowning incidents in some regions. 
However, the pandemic also induced economic downturns that may have indirectly influenced drowning risk 
factors, such as increased alcohol consumption, heightened occupational exposures, and deteriorations in 
mental health. Moreover, healthcare disruptions during the pandemic potentially affected emergency response 
times and drowning mortality rates.

This study calls for further exploration of sociocultural barriers to drowning prevention, including cultural 
attitudes toward water safety, risk perception, and gender norms. In many regions, traditional practices regarding 
child supervision near water or attitudes toward alcohol consumption during aquatic activities contribute 
to increased drowning risks. Gender norms also influence the likelihood of males and females engaging in 
high-risk water-based activities. For example, in certain cultures, men are more likely to engage in high-risk 
occupations like fishing, which increases their exposure to drowning hazards. Addressing these sociocultural 
factors is essential in designing effective prevention strategies23.

Public health implications
Beyond statistical reporting, the implications of our findings for public safety are profound. By identifying 
specific risk factors and vulnerable populations, our study provides a roadmap for policy-makers to design 
targeted interventions. Enhanced water safety infrastructure, community-based education, and stringent 
regulatory measures are essential for reducing drowning-related morbidity and mortality. These interventions 
not only improve water safety but also contribute significantly to overall public health enhancement.24–26:

• Enhancement of Water Safety Infrastructure: Invest in community-level water safety measures, including 
barriers, life-saving equipment, and improved signage around water bodies.

• Community-Based Education Programs: Design and implement culturally tailored water safety and swim-
ming education programs, particularly targeting high-risk groups, such as young children and individuals in 
high-risk occupations.

• Regulatory Measures: Enforce policies to control alcohol consumption near aquatic environments and miti-
gate occupational hazards in industries with significant water exposure.

• Strengthening Surveillance Systems: Improve data collection and reporting mechanisms to ensure drowning 
incidences are accurately monitored, enabling timely and targeted public health responses.

These recommendations align with prior research and global guidelines1, aiming to reduce drowning burdens 
in both high- and low-SDI regions.

Strengths and limitations
This study boasts several strengths, including the use of comprehensive, standardized data from the GBD 
study, enabling a detailed analysis of drowning incidence, mortality, and DALYs across global, regional, and 
national levels over three decades27–29. The application of robust statistical methods and stratified subgroup 
analyses represents an innovative approach to contextualizing drowning burdens in relation to socioeconomic 
development30. The large temporal scope (1990–2021) and age- and sex-specific analyses further enhance the 
study’s validity. However, several limitations must be acknowledged. The reliance on GBD data may introduce 
biases due to variability in the quality and completeness of drowning-related reporting across countries and 
regions, potentially affecting the accuracy of estimates28. Furthermore, while the study identifies key risk factors, 
causal relationships remain unclear due to the observational nature of the data and the inability to account for all 
confounding variables31. The exclusion of detailed behavioral, environmental, and policy-related factors limits 
the contextual understanding of drowning risks. Lastly, the findings may not be fully generalizable to countries 
or communities with unique sociocultural and environmental contexts, emphasizing the need for further 
research to validate these results and address knowledge gaps32. These methodological refinements strengthen 
the reliability of our estimates despite potential reporting biases.

Future research
Future studies should focus on the mechanisms underlying regional and national disparities in drowning burden, 
particularly the roles of climate change, urbanization, and migration23. Improved surveillance and standardized 
data collection in low-resource settings are essential to refine estimates. Additionally, predictive models that 
integrate environmental and behavioral risk factors will be crucial for identifying high-risk populations 
early33. Evaluations of drowning prevention strategies, including community-based water safety programs and 
national policy interventions, are essential to sustaining progress in reducing drowning rates26,29. Lastly, further 
research should explore the sociocultural dynamics that influence drowning risks and prevention efforts26,27.
Enhanced surveillance and standardized data collection in low-resource settings are essential. Predictive 
models incorporating environmental and behavioral risk factors may help identify high-risk populations early. 
Moreover, rigorous evaluations of community-based water safety programs and national policy interventions 
are warranted to sustain progress in drowning prevention.
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Conclusions
Our findings confirm that drowning remains a multifaceted global public health challenge characterized 
by pronounced regional disparities, age- and sex-specific vulnerabilities, and an inverse relationship with 
socioeconomic development. The highest burden is observed among children under 5 years and in regions with 
limited water safety infrastructure, underscoring the need for comprehensive, context-specific interventions. 
Effective strategies—including community-based education, improved occupational safety regulations, and 
culturally sensitive public awareness campaigns—have the potential to significantly reduce drowning-related 
DALYs. This study provides a roadmap for targeted policies aimed at improving health outcomes across diverse 
societies, particularly in regions like the Solomon Islands and Nauru, where infrastructure improvements and 
public education could dramatically reduce drowning rates. Moreover, the findings highlight the critical role 
of cultural practices and socioeconomic factors in shaping drowning risks, emphasizing the need for a holistic, 
multi-sectoral approach that integrates structural interventions with behavior change initiatives to reduce global 
drowning burdens and ensure long-term public health benefits.

Data availability
The datasets analyzed during the current study are available in the IHME (the Institute for Health Metrics and 
Evaluation) Data ( http://ghdx.healthdata.org/gbd-results-tool ).
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