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ABSTRACT

Background Drowning is a leading cause of injury-related mortality
globally. Unintentional drowning (International Classification of
Diseases (ICD) 10 codes W65-74 and ICD9 E910) is one of the 30
mutually exclusive and collectively exhaustive causes of injury-related
mortality in the Global Burden of Disease (GBD) study. This study’s
objective is to describe unintentional drowning using GBD estimates
from 1990 to 2017.

Methods Unintentional drowning from GBD 2017 was estimated for
cause-specific mortality and years of life lost (YLLs), age, sex, country,
region, Socio-demographic Index (SDI) quintile, and trends from 1990
to 2017. GBD 2017 used standard GBD methods for estimating
mortality from drowning.

Results Globally, unintentional drowning mortality decreased by
44.5% between 1990 and 2017, from 531956 (uncertainty interval
(UI): 484107 to 572854) to 295210 (284493 to 306 187) deaths.
Global age-standardised mortality rates decreased 57.4%, from 9.3
(8.5 to0 10.0) in 1990 to 4.0 (3.8 to 4.1) per 100000 per annum in
2017. Unintentional drowning-associated mortality was generally
higher in children, males and in low-SDI to middle-SDI countries. China,
India, Pakistan and Bangladesh accounted for 51.2% of all drowning
deaths in 2017. Oceania was the region with the highest rate of age-
standardised YLLs in 2017, with 45434 (40850 to 50 539) YLLs per
100000 across both sexes.

Conclusions There has been a decline in global drowning rates.
This study shows that the decline was not consistent across countries.
The results reinforce the need for continued and improved policy,
prevention and research efforts, with a focus on low- and middle-
income countries.

INTRODUCTION

Drowning has been identified as a public health priority by
the World Health Organization (WHO)! and is defined as the
process of experiencing respiratory impairment from submer-
sion/immersion in liquid, with drowning outcomes classified
as death, morbidity and no morbidity.> Fatal drowning is a
leading cause of unintentional injury-related mortality world-
wide, with approximately 300000 drowning deaths per annum
globally.® * Drowning disproportionately impacts those from
low- and middle-income countries (LMICs), males and chil-
dren.’ ® Having accurate and timely data to aid in the allocation
of public health resources and the monitoring of interventions is
important for continued implementation of drowning preven-
tion programs.’’

The Global Burden of Diseases, Injuries, and Risk Factors
(GBD) Study is a comprehensive assessment of health losses asso-
ciated with risk factors, and from morbidity and mortality. GBD
2017 produced estimates of all-cause mortality, cause-specific
mortality, years of life lost (YLLs), incidence, prevalence, years
lived with disability (YLDs) and disability-adjusted life years for
292 different causes of mortality and 354 different causes of
non-fatal health loss for 195 countries and territories across a
28-year time span from 1990 to 2017*®. Drowning is one of 30
mutually exclusive causes of injury-related mortality in the GBD
2017 study design and is nested within the unintentional injury
category of the GBD 2017 cause hierarchy.’

Within injury, drowning has the third highest unintentional
mortality rate after road injuries and falls. Across all injury types
(both intentional and unintentional), drowning has the fourth
highest overall mortality rate after road injuries, falls and inter-
personal violence.” As such, there is a need for immediate action

at global and local levels to address the circumstances leading to
drowning to guide preventive efforts.

When considering YLLs, within the unintentional injuries
category, drowning has the second highest YLLs after road inju-
ries, demonstrating the significant impact that drowning has,
particularly on children.” Conversely, it has among the lowest
YLDs due to the high lethality of the injury.'” Recent data from
the USA shows that for each drowning death there are 2.5 hospi-
talisations (ratio 1:2.5), whereas for road injuries this ratio is
1:88 and for falls even higher, 1:229." Thus, reducing drowning
deaths will reduce the overall mortality burden but is likely to
have limited impact on morbidity of unintentional injuries.

There is limited information on drowning in LMICs. A recent
review of published literature on drowning in LMICs between
1984 and 2015 identified 62 studies, with the majority of these
from Asia (56%), followed by Africa (26%).” Further work is
required to understand the drowning burden in countries in
Latin America, Africa, Asia, and the Pacific.

There has been a reduction, over the last decade, in the esti-
mated annual rate of drowning globally, with the latest GBD
study showing a reduction of 17.2% from 2007 to 2017.* There
is no clear consensus as to why this reduction has occurred.
For LMIGCs, this is likely related to changes in development
and urbanisation,'? with the greatest reductions occurring in
East Asia and southern sub-Saharan Africa.” A recent review of
drowning in South Africa found an increase in drowning across
the country with variation based on geography,'® demonstrating
that the drowning burden is not evenly distributed and that
choosing data from a region within a country or a country within
a region can potentially skew the findings.

This current study focuses on unintentional drowning, as
defined by those International Classification of Diseases (ICD-
9/10) codes that are primary unintentional drowning codes
(E910 and W65-74). This does not include all drowning deaths,
meaning intentional (X71), disaster (X38) and transport (V90,
V92)-related drowning are not included, with unspecified effects
of immersion (T75.1) and undetermined intent (Y21) redistrib-
uted across drowning and other categories. It has been estimated
that the unintentional drowning ICD codes account for approx-
imately 40%-50% of all drowning mortality in high-income
countries.'* * Given some countries have a higher burden of
boating-related'® ¥ and disaster-related'® drowning mortality,
defining unintentional drowning only by ICD codes W65-74
impacts accurate estimates. Similarly, intentional drowning
deaths' must be included in overall all-cause estimates of
mortality to further enhance accuracy of estimates.

The goal of this study was to report estimates from GBD
2017 for mortality from unintentional drowning by region
and compare these to 1990 estimates. While GBD 2017 also
reported estimates for non-fatal cases of drowning, the purpose
of this study was to focus exclusively on cause-specific mortality
from unintentional drowning.

METHODS

The GBD covers all nation-states using a range of data sources to
provide a comprehensive picture of global health. An overview
of methods used for GBD 2017 is provided in online supple-
mentary appendix 1 and in other GBD literature.* ® 2% All
analytical code used for GBD 2017 is available online (http://
www.ghdx.healthdata.org). This study complies with the Guide-
lines for Accurate and Transparent Health Estimates Reporting
recommendations (online supplementary appendix 2). Analyses
were completed using Python V.2.7, Stata V.13.1, or R V.3.3.
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Statistical code used for GBD estimation is publicly available
online at healthdata.org. An overview of methods specific to
drowning mortality is as follows:

Cause of death data for drowning

GBD 2017 utilised all available cause of death data for every
location in the GBD location hierarchy, which includes 195
countries and territories.* The GBD 2017 cause of death data-
base included vital registration (VR), verbal autopsy, police
record data and mortuary data, among other data types. These
data undergo extensive quality checks and data processing to
ensure comparability between different coding systems from
different sources that were collected at different times—for
example, to allow for both ICD9-coded and ICD10-coded data
to be used in a comparable manner. In addition, the GBD cause
hierarchy is mutually exclusive and collectively exhaustive,
meaning that each death has one and only one underlying cause
of death assigned. Cause of death data also undergo a process
known as garbage code redistribution, whereby ill-defined cause
of death codes are redistributed to underlying causes of death in
the GBD 2017 cause hierarchy. Such processes are described in
more detail elsewhere.* For GBD 2017, drowning deaths were
identified with ICD9 code E910 and ICD10 codes W65-W74.9.
In addition, drowning was a cause of death in verbal autopsy
survey instruments, which were a source of cause of death data
in many locations including India.

Cause-specific mortality modelling for drowning

Since GBD estimates outcomes for every location, year, age and
sex in the GBD 2017 study design, statistical modelling processes
are implemented to predict estimates for where data are missing.
GBD 2017 utilised standard GBD methods for modelling cause-
specific mortality from drowning.* In particular, the study imple-
mented the Cause of Death Ensemble model (CODEm) approach,
which is described in more detail elsewhere® but is summarised
as follows in terms of five key principles. First, CODEm uses all
available data, as described above. Second, data processing steps
are conducted to ensure comparability and quality of the dataset,
also as described above. Third, CODEm develops a diverse set of
plausible models using different regression forms and different
sets of covariates. Fourth, CODEm measures the predictive
validity of each model and of an ensemble of all models. Finally,
the best model is chosen based on out-of-sample predictive
validity testing. The CODEm framework is intended to develop
the best possible model for each cause given the availability of
existing data and relationships with covariates to help inform
model estimates where data are absent or sparse.

Table 1 Covariates used in unintentional drowning CODEm models
Covariate Level Direction
Alcohol (litres per capita) 1 +
Coastal population within 10km (proportion) 1 +
Landlocked nation (binary) 1 -
Log-transformed summary exposure value for drowning 1 +
Rainfall, lowest quintile 1 -
Rainfall, highest quintile 1

Elevation under 100 m (proportion 2

Education (years per capita) 3 -
Lag-distributed income per capita 3 No prior
Socio-demographic Index 3 -

CODEm, Cause of Death Ensemble model.

Table 1 shows the covariates that were utilised for measuring
drowning mortality in CODEm, as well as priors for the spec-
ified direction of causality (positive meaning that cause-specific
mortality is expected to increase with increases in the level of the
covariate) and the level of causality expected for the relation-
ship between the covariate and mortality (‘1” referring to more
proximal associations, and ‘3’ referring to more distal associa-
tions). These factors are based on common factors described in
the literature and expert opinion. Further work exploring these
factors and the impact on drowning would add value.

Once CODEm models are fit for drowning, the location-
specific estimates are scaled to fit within each parent location
(eg, all subnational drowning deaths sum to national drowning
deaths, and national drowning deaths sum to global drowning
deaths). In addition, cause-specific estimates are scaled to fit
within the parent cause (eg, the sum of deaths from each injury
equals the deaths for the overall injury cause, and the sum of
deaths from each individual cause in the cause hierarchy equals
the sum of all-cause mortality). For drowning, these processes
led to an increase in 0.82% in terms of drowning deaths across
all ages for both sexes in 2017. Results are presented followed
by a 95% uncertainty interval (UI) range (online supplementary
appendix 1).

Calculating YLLs for drowning

YLLs are defined as the difference between life expectancy
and the age at which a death occurs, based on life tables used
in GBD 2017 that estimate the remaining life expectancy for
each 5-year age group in all populations greater than 5 million
in GBD 2017.%2 YLLs are an important measure of drowning
mortality, since drowning more commonly occurs at early ages,
which leads to more YLLs than a death occurring at an older
age. The age-specific life expectancies used to calculate YLLs are
provided in table 2.

Socio-demographic Index

The Socio-demographic Index (SDI) is an index of socio-
economic development which is used as a covariate in various
GBD processes as well as a metric to demonstrate burden trends
for locations at different levels of development. The index is
calculated based on lag-distributed income per capita, which
is a smoothed gross domestic product per capita series, mean
educational attainment in years and total fertility rate under age
25 years. In its formulation, SDI increases as income and educa-
tion increase and fertility decreases. The derivation of SDI is
described in more detail elsewhere.®

RESULTS
Globally, in 1990, there were 531956 (UIL: 484107 to 572 854)
deaths from unintentional drowning, which decreased by 44.5%
(UI: 38.9% to 48.3%) to 295210 (UL: 284493 to 306187)
deaths from unintentional drowning in 2017. The global age-
standardised cause-specific mortality rate for unintentional
drowning was 9.3 (UI: 8.5 to 10.0) per 100000 in 1990, which
decreased by 57.4% (UI: 53.3% to 60.1%) to a rate of 4.0 (UI:
3.8 to 4.1) per 100000 in 2017 (online supplementary table S1).
Online supplementary table S1 provides all-age drowning-
specific deaths and age-standardised cause-specific mortality
rates for 1990 and 2017, as well as the percentage change
between 1990 and 2017 for every country, region and super-
region in the GBD 2017 location hierarchy. Overall, there was a
decrease in drowning rates (except in Tonga) and numbers, with
the notable exception of Oceania, which had a near doubling
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Table 2 Age-specific life expectancy used for years of life lost
calculation

Age Life expectancy (years)
0 87.9
1 87.0
5 83.0
10 78.1
15 731
20 68.1
25 63.2
30 58.2
35 533
40 48.4
45 43.5
50 38.7
55 34.0
60 293
65 24.7
70 203
75 16.1
80 12.2
85 8.8
90 6.1
95 3.9
100 22
105 1.6
110 1.4

(80.1%) of numbers, led by a large increase in Papua New
Guinea (93.4%). Online supplementary table S2 provides the
same information for YLLs.

Age-standardised cause-specific mortality

The age-standardised cause-specific mortality rates for unin-
tentional drowning per 100 000 for each country in 2017 by
sex are shown in figure 1, with male rates generally higher
than female rates. Figure 2 shows all-age death counts for
unintentional drowning for each country in 2017 by sex,
with China, India, Pakistan and Bangladesh all having
over 10000 deaths in 2017. Figure 3 shows the number of
deaths by age, sex and super-region, with children 1-4 years
having the highest number of deaths. For females, there is
an increase in the number of deaths in the 60-84 years age
groups.

The distributions of deaths by region for five age groups
(under 5, 5-14, 15-49, 50-69 and 70 plus) are shown in
figure 4. These figures emphasise how there is greater unin-
tentional drowning mortality in males than females in most
age groups, with sex differences less pronounced in certain
regions such as South Asia (online supplementary table S1).
Distributions of drowning deaths by age vary depending on
region. For example, there are relatively more deaths from
unintentional drowning in younger age groups in lower-
income regions, compared with other age groups in those
regions, such as the sub-Saharan Africa, South Asia, North
Africa, Middle East and Central Asia regions.

Years of life lost
YLLs by super-region, sex and age group are shown in figure §
and YLLs by sex, region and five age groups (under 5, 5-14,

15-49, 50-69 and 70 plus) are shown in figure 6, with Asia
(South, East and Southeast) having the highest YLLs. In 1990,
drowning caused 37925314 (UI: 33968621 to 41 237 399)
total YLLs, a number which decreased by 56.3% (UI: 51.2% to
59.7%) to a total of 16563278 (UI: 15784185 to 17 349 952)
YLLs in 2017. The age-standardised YLL rate in 1990 was 632.3
(UI: 568.8 to 685.6) per 100 000, which decreased by 63.9%
(UL: 59.8% to 66.6%) to 228.3 (UL: 217.2 to 239.7) YLLs per
100000 in 2017. South Asia was the region with the greatest
number of YLLs in 2017, with 5273794 (UI: 4 819 285 to 5
744 698) YLLs across both sexes and all ages. Oceania, however,
was the region with the highest rate of age-standardised YLLs in
2017, with 828.2 (UI: 672.7 to 997.9) YLLs per 100000 across
both sexes (online supplementary table S2).

Socio-demographic Index

The trends over time in terms of age-standardised cause-
specific mortality rates from drowning for each super-region
in GBD between 1990 and 2017 are shown in figure 7, with
decreases seen across all super-regions. The numbers of
deaths and age-standardised cause-specific mortality rates
were noted to decrease in every SDI quintile and for most
countries. In 27 countries, mainly in the Oceania region,
there was no significant percentage change between 1990
and 2017 for age-standardised cause-specific mortality rates.
Countries outside of the Oceania region that did not expe-
rience decreases in age-standardised cause-specific mortality
rates were Lesotho, Zimbabwe and Cape Verde. Selected
countries with large populations were noted to still have
large numbers of deaths from unintentional drowning in
2017, specifically China, India, Bangladesh and Pakistan,
accounting for just over half of all drowning deaths (51.2%)
(online supplementary table S1).

DISCUSSION

There were approximately 295210 (Ul: 284493 to 306187)
unintentional drowning deaths in 2017, an almost 50% reduc-
tion (44.5%) in unintentional drowning deaths over the last
28years. This study explored changes between 1990 and 2017
in unintentional drowning mortality across the globe, and while
there has been an expected reduction in unintentional drowning
mortality, as has been seen in other studies,” ** the reduction
was not uniform. Countries from middle SDI groupings had
the greatest reduction (54.0%), again indicating that urban-
isation and development are possible drivers of the decrease
in drowning deaths; however, other drivers, such as greater
investment in water safety, government recognition of the issue,
changing social norms or coding frameworks, could be contrib-
uting,' 2 1*

Four countries in 2017 (China, India, Pakistan and Bangladesh)
accounted for half of all drowning deaths, with most countries
experiencing a decrease in drowning rates and numbers between
1990 and 2017. All four countries in 2017 had rates higher than
the global average of 4.0 (3.6-4.1) and while Bangladesh had
experienced the largest reduction in the drowning death rate (a
reduction of 70.4%) it had a rate of 9.5 (7.6-12.1). The excep-
tion was Oceania, which saw a near doubling (80.1% increase)
of drowning fatalities; however, it is unclear what is the cause
of this increase. Such trends represent an ongoing challenge for
those working in drowning prevention in the Oceania region.

Children, residents of countries in Asia and Africa, males, and
low-SDI and middle-SDI countries account for the majority of
drowning deaths. Unintentional drowning is preventable and is
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Figure 1  Age-standardised cause-specific mortality rates per 100000 by country for unintentional drowning in 2017.
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Figure 2  All-age mortality by country for unintentional drowning in 2017.
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Figure 6 Years of life lost to unintentional drowning by region, sex and five age groups, 2017.
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Figure 7 Age-standardised cause-specific mortality rate per 100000 for unintentional drowning by year and super-region (1990-2017).

rather than preventing the initial drowning incident, and needs
to be taught to supervisors of people in and around water,
including parents.*® It also appears that while each strategy (ie,
restricting access to water, supervision, learning to swim, use of
lifejackets and CPR) is helpful, the best results are seen when all
measures, combined, are enacted.”® Although a range of other
strategies have been proposed (such as alarms, cameras and child
behaviour modification), there is not as strong an evidence base
for these interventions to date.

WHO, in recognising unintentional drowning as a public
health threat, has recently developed an implementation guide to
help countries address the challenge of unintentional drowning.’
This guide is designed to ensure that each country understands
the factors contributing to unintentional drowning and has a set
of strategies that can support unintentional drowning preven-
tion. It is vital that all countries have quality data (comprehen-
sive, up-to-date, accurate and useable for planning) at national
and subnational levels to inform a context-specific and evidence-
based understanding of the burden of unintentional drowning.
Presenting the mortality rate of unintentional drowning across
the globe can help countries benchmark their unintentional
drowning rate against that of similar countries (by size, loca-
tion, SDI, etc) as well as provide an opportunity to discuss what
might be reasonable unintentional drowning reduction targets
to aim for in the development of a national water safety plan, as
recommended by WHO.? This information can be used to help
evaluate the success at a country level of a comprehensive unin-
tentional drowning prevention strategy.

While reducing drowning in low-SDI and middle-SDI coun-
tries is a challenge, recent work in Bangladesh®® and Thai-
land?’ * has demonstrated that country-level commitment and
appropriate resourcing to unintentional drowning reduction

can have a marked impact on mortality and morbidity rates. A
recent review® of drowning in LMICs found only a small number
of studies from LMICs (n=62 studies) which met their inclu-
sion criteria, noting that data used in a third of the included
studies were from autopsy and medico-legal records, with the
rest from surveys and interviews, hospital records, media and
ambulance records. This highlights the paucity of published data
on drowning from LMICs, compounded by a lack of medico-
legal, uniformly collected, comprehensive data. Strengthening
drowning data (monitoring) in LMICs should be prioritised,
leading to an increase in published studies, thereby enhancing
the evidence base of drowning epidemiology and risk factors
to better inform prevention efforts. The limited peer-reviewed
studies from Africa also highlight the need for a greater focus
on drowning in Africa, especially considering that 11 of the 16
articles were from South Africa.” Another review of drowning
in South Africa showed large heterogeneity in drowning across
the country, a potential challenge for estimating the number of
drowning deaths in Africa."

Future studies should focus analysis in regions and countries
with high rates of drowning mortality, particularly LMICs, as
well as explore seasonal variations in drowning, the impact of
alcohol, and cultural reasons for differing risks of drowning.
The impact of a country’s development index on drowning
mortality rates, in addition to SDI, could be examined in
future studies.

Limitations

This study used data from the GBD project, combining a range
of data sources to provide the most comprehensive picture of
unintentional drowning mortality across the globe. However,
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it is not without its limitations. The use of mutually exclusive
ICD codes means that not all drowning deaths are captured in
the original data and recent work has shown that drowning
may not be the primarily coded cause of death, and while GBD
redistribution methods should account for miscoding, more
research and validation is required to continue improving data
quality." " This study included unintentional drowning deaths
only, and as such does not include intentional drowning,
drowning following aquatic transport or other transportation
incidents, or drowning due to natural disasters. Additionally,
in countries, especially LMICs, where there is not a regular
collection of death data or which lack hospital data, there is
potential for misestimation of drowning deaths, which is an
ongoing area of GBD research.*

This study captures greater uncertainty in data-sparse areas,
and this should be viewed alongside the point in time esti-
mates. As drowning is not evenly distributed across countries,
this study used models associated with drowning, such as coun-
tries with greater populations residing within 10km of the
coast, with high rainfall, and those close to sea level (table 1).
These assumptions and covariates will benefit from ongoing
review and refinement. For example, some landlocked coun-
tries may have more exposure to drowning in inland water-
ways such as rivers and lakes.*! This study did not explore the
circumstances leading to drowning, aquatic location where the
incident occurred, or the impact of alcohol, which is a signif-
icant contributor to drowning.**™** There is also further work
required to quantify the burden of drowning among migrants.
Future drowning studies should also encompass all drowning
deaths (ie, transport related, disaster related, unintentional,
intentional and undetermined intent).

CONCLUSION

Unintentional drowning deaths across the globe continue to
decrease, with the 2017 GBD (data from all national states)
estimates showing 295210 drowning deaths. The reduction
in unintentional drowning has not been consistent, with some

What is already known on the subject

» Mortality codes for unintentional drowning only capture
40%-50% of drowning deaths in high-income countries.

» Limited information exists on drowning in low-income and
middle-income countries, especially in Latin America and
Africa.

» Drowning is a public health challenge requiring further
research and sustained investment in evidence-based
interventions.

What this study adds

» Almost 300000 people died from unintentional drowning in
2017, exclusive of drowning in natural disasters and due to
transport incidents.

» The global age-standardised mortality rate from
unintentional drowning declined by 57% from 1990 to 2017.

» Trends over time by geographical regions and Socio-
demographic Index, from 1990 to 2017. Half (51.2%) of
unintentional drowning-related deaths in 2017 occurred in
China, India, Pakistan and Bangladesh.

countries achieving greater reductions than others. Future
GBD studies should evaluate actions at a country level to
inform future prevention efforts. Children, especially those
from LMICs had higher fatal unintentional drowning rates,
and achieving reductions in drowning in China, India, Bangla-
desh and Pakistan should be prioritised due to their population
size. There is a need for investment in drowning prevention
strategies, policy and research, including the evaluation
of preventive strategies to continue the downward trend in
drowning rates seen in this study.
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