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Abstract
Aim  An evidence gap exists on sex and gender differences in drowning with previous research neglecting females. Drown-
ing studies have largely focused on accidental drowning and submersion, excluding other classifications such as intentional, 
water transport-related, and undetermined drowning. This study examined all external causes of drowning deaths over a 
13-year period in Australia disaggregated by sex. Drowning deaths were compared by sex with drowning classification, year, 
month, age, place of death, Indigenous status, socioeconomic, and visitor status.
Subject and methods  This retrospective total population study included all females and males who died from drowning in 
Australia from 2006 to 2019. Data was extracted from the Australian Bureau of Statistics Cause of Death Unit Record Files. 
Australian population data were extracted to calculate the crude death rate and relative risk for drowning.
Results  There were 4007 drowning deaths recorded, and females represented 25.2% of drowning fatalities. Females were 
less likely than males to drown, including by drowning classification, year, month, state, remoteness and visitor status, age, 
socioeconomic, and Indigenous status. The highest proportion of female drowning deaths were from intentional drowning, 
fall into swimming pools, and in natural water. Drowning deaths among females increased as age increased.
Conclusion  There is a clear need for improved disaggregation of sex and gender in drowning research. Without the detailed 
exploration of females in drowning statistics there will be limited knowledge translation specific to females. The development 
of drowning prevention strategies targeted to females is required to reduce the incidence and risk of drowning.

Keywords  Sex differences · Drowning deaths · Females · Public health

Introduction

Drowning is a preventable cause of injury within the inter-
national community (World Health Organization 2014). In 
2019 there were approximately 236,000 deaths globally from 
drowning, with 90% of drowning deaths occurring in low- 
and middle-income countries (LMIC) (World Health Organ-
ization 2021). Within high-income countries (HIC), drown-
ing remains a substantial cause of injury and death (Centers 
for Disease Control and Prevention 2012; Royal Life Saving 
Society-Australia 2021; Water Safety New Zealand 2018). 
Drowning is of significant financial cost to the Australian 
community, with an estimated cost of $85.5 million (USD) 
annually (World Health Organization 2021). Despite a con-
siderable increase (70%) in the number of drowning pub-
lications in the 6-year period to 2020 (Scarr and Jagnoor 
2021), a large gap exists in evidence and knowledge on sex 
and gender differences in the occurrence of drowning, with 
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previous research focusing primarily on males and children, 
neglecting females (Roberts et al. 2021).

Sex is the biological characteristics of female, male, and 
intersex people defined by physiological attributes including 
chromosomes, genes, hormones, and sex anatomy (Wainer 
et al. 2020). Gender is defined by the social and cultural 
norms and constructs associated with behaviour and roles that 
are attributed as female, male, and gender-diverse, in societies 
(Tannenbaum et al. 2016; Wainer et al. 2020). The lack of 
representation of sex and gender differences occurs widely in 
health research, with only 69% of public health studies includ-
ing sex and/or gender in data (Sugimoto et al. 2019). This 
is an issue of high importance within drowning research, as 
sex and gender are rarely disaggregated data in epidemio-
logical and clinical studies (Roberts et al. 2021), and gender 
plays an influential role in behaviour and risk-taking activities 
that can lead to a drowning event (Quinton et al. 2022). The 
three recent National Drowning Reports in Australia (2022, 
2021, and 2020) (Royal Life Saving Society-Australia 2020; 
Royal Life Saving Society-Australia 2021; Royal Life Sav-
ing Society-Australia 2022) exemplify this issue, as detailed 
data are presented only on males, with no inclusion of the 
description of the impact of drowning on females, despite 
previous drowning reports (2018 and 2019) including results 
for females (Royal Life Saving Society-Australia 2018; Royal 
Life Saving Society-Australia 2019). The total number of 
drowning deaths in Australia increased by 15% from 2021 to 
2022, with females accounting for 18% of drowning deaths in 
2022 (Royal Life Saving Society-Australia 2022).

The priority to include sex and gender in research studies 
has been widely supported, and urgent action is called for to 
improve the representation of sex and gender in all areas of 
health research (Gahagan 2016; Gahagan et al. 2015; Gogovor 
et al. 2021; Heidari et al. 2016; McGregor et al. 2017; Peters 
and Norton 2018; Sugimoto et al. 2019; Tannenbaum et al. 
2016; Wainer et al. 2020). International research committees 
and academic journals have introduced editorial policies and 
guidelines calling for the mandatory inclusion of sex and gen-
der comparisons in studies, including complete disaggrega-
tion of data by sex and gender (Gahagan 2016; Gogovor et al. 
2021; Heidari et al. 2016; McGregor et al. 2017; Tannenbaum 
et al. 2016; Wainer et al. 2020). Females are widely under-
represented in health research, and this needs to be urgently 
addressed (Mazure and Jones 2015). Unequal representation of 
females in studies is to the detriment of evidence-based knowl-
edge and research translation (Gahagan et al. 2015; Peters and 
Norton 2018).

The process for recording data on drowning is identified 
as problematic by researchers internationally (Bierens and 
Hoogenboezem 2022; Claesson et al. 2021; Franklin et al. 
2020; Scarr et al. 2022). Drowning fatalities are classified 
utilizing the International Classification of Diseases ver-
sion 10 codes (ICD-10) (World Health Organization 2016) 

including accidental drowning and submersion (W65-74), but 
often other drowning classification codes are excluded from 
national and international drowning fatality estimates. This 
includes water transport-related incidents (V90 and V92), 
intentional self-harm (X71), assault by drowning (X92), and 
undetermined intent (Y21) (Claesson et al. 2021; Franklin 
et al. 2020; World Health Organization 2016). This leads 
to inaccurate estimates of total drowning incidents and the 
reduced recognition of the impact of morbidity and mortality 
related to drowning, especially in the clinical setting (Frank-
lin et al. 2020). While some studies have included all ICD-10 
drowning classification codes (V90-92, W65-74, X71, X92, 
Y21) and other relevant codes such as victim of flood (X38) 
(Bierens and Hoogenboezem 2022; Claesson et al. 2021; 
World Health Organization 2016), they are limited (Bierens 
and Hoogenboezem 2022; Claesson et al. 2021). In HICs, 
it is estimated that up to 50–60% of drowning-related data 
are not captured, due to the poor reporting on unintentional 
drowning (W65-74) only (Bierens and Hoogenboezem 2022; 
Claesson et al. 2021; Peden et al. 2017).

This study aimed to (1) describe external causes of 
drowning deaths, as the primary or secondary cause of 
death, over a 13-year period (2006–2019) in Australia, and 
(2) compare drowning deaths by the sex of victims with 
drowning classification, year, state, month, age, remoteness, 
Indigenous status, socioeconomic status, and visitor status.

Subject and methods

Study design

This study was a retrospective, total-population observa-
tional study, conducted and reported utilizing the Strength-
ening of the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement (von Elm et al. 2014).

Setting and participants

All people who died from drowning in Australia from 1 July 
2006 to 30 June 2019 were included in the study.

Data collection

Data was extracted from the Australian Bureau of Statistics 
(ABS) Cause of Death Unit Record File (COD URF) data-
base utilizing the Underlying Cause of Death (UCOD) data 
(Australian Bureau of Statistics 2019). The COD URF is 
data that is compiled and coded (ICD-10) by the Australian 
Bureau of Statistics (ABS), based on data from the National 
Coronial Information System (NCIS) and the registries of 
births, deaths and marriages of all states and territories in 
Australia. All external causes for drowning-related deaths in 
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Australia from 2006 to 2019 were recorded. Data extracted 
from the COD URF included sex, death year (financial year), 
month, state/territory, age at death, age group, Index of Rela-
tive Socio-economic Advantage and Disadvantage (IRSAD), 
statistical local area (used to define IRSAD), remoteness, 
Indigenous status, and visitor status. The ABS Cause of 
Death database includes data by sex only and did not include 
data on gender; therefore, only results by sex characteristics 
have been analysed and presented in this study.

Drowning deaths were classified by the International 
Classification of Diseases 10th edition (ICD-10-CM) codes 
as follows (World Health Organization 2016):

–	 Accidental drowning and submersion: W65 Drowning 
and submersion while in bathtub, W66 Drowning and 
submersion following fall into bathtub, W67 Drowning 
and submersion while in swimming pool, W68 Drowning 
and submersion following fall into swimming pool, W69 
Drowning and submersion while in natural water, W70 
Drowning and submersion following fall into natural 
water, W73 Other specified drowning and submersion, 
and W74 Unspecified drowning and submersion.

–	 Intentional drowning: X71 Intentional self-harm by 
drowning and submersion, and X92 Assault by drown-
ing and submersion.

–	 Water transport accidents: V90 Accident to watercraft 
causing drowning and submersion, and V92 Water-trans-
port-related drowning and submersion without accident 
to watercraft.

–	 Undetermined intent: Y21 Drowning and submersion, 
undetermined intent.

The drowning classification for deaths was examined by 
ICD-10 code for primary and secondary cause of death. A 
total of 186 deaths were recorded with drowning as second-
ary cause of death under 42 other primary ICD-10 codes, see 
Appendix 1 (World Health Organization 2016).

Australian population data were extracted to calculate 
the crude death rate per 100,000 persons and relative risk 
for drowning. To calculate crude death rates, Australian 
population data from 2006 to 2019 from ABS and Tourism 
Research Australia were extracted (Australian Bureau of Sta-
tistics 2016a; Australian Bureau of Statistics 2021; Tourism 
Research Australia 2020). Remoteness and regional areas 
are defined using the Remoteness Area Structure from the 
Australian Statistical Geographic Standard based on statisti-
cal local area level 2 (SA2) (Australian Bureau of Statistics 
2016a). Socio-Economic Indexes for Areas (SEIFA) were 
based on SA2, with information utilized to interpret IRSAD 
decile ranking, including low IRSAD (most disadvantaged 
and least advantaged) to high IRSAD (least disadvantaged and 
highest advantage) (Australian Bureau of Statistics 2016b). 

Drowning deaths registered by each state or territory were 
examined by the number of deaths recorded in the state of 
residence of the victim, deaths recorded as interstate visitor, 
or deaths recorded as an international visitor and new arrival.

There were 336 cases with missing data (78 females and 
258 males) on IRSAD status, including SA2, 9-digit codes, 
and deciles on IRSAD status, and were excluded. As popula-
tion estimates for IRSAD status and remoteness and regional 
status are based on usual area of residence, a code was not 
able to be obtained for those from overseas or where usual 
area of residence is unknown; therefore; the proportion of 
deaths by sex is presented only. There were missing data for 
age groups and age at death (one female).

Data with a value less than 5 are not presented due to 
the risk of identification of the victim and as part of ethics 
requirements; these data are presented as ‘np’ in tables.

Data analysis

Descriptive statistics were calculated for all variables in 
this study. Descriptive results are presented as proportion 
(number) and percentage, mean and standard deviation (SD), 
and relative risk (RR). The crude death rate was calculated 
per 100,000 persons using Australian population data. Rela-
tive risk was calculated using females as the control group, 
female crude death rate/male crude death rate. The confi-
dence interval (CI) for RR was calculated with a 95% CI of 
p<0.05 considered statistically significant. Data analysis was 
performed using IBM SPSS Statistics version 26.0 software 
(IBM Corp. 2019).

Ethics

Ethical approval for this study was granted by the Human 
Research Ethics Committee, James Cook University 
(H6136).

Results

There were 4007 drowning fatalities recorded in Australia 
from 2006 to 2019 (Table 1). Females accounted for 25.2% 
of drowning fatalities. Females were less likely to experi-
ence fatality from drowning in Australia in all variables 
analysed (RR:0.333, 95% CI 0.31-0.358), including drown-
ing classification, year, month, state/territory and visitor 
status, age, remoteness, socioeconomic status, and Indig-
enous status. The crude death rate was 0.63 deaths per 
100,000 persons for females and 1.88 deaths per 100,000 
persons for males.
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Drowning classification

The risk of death among females from drowning in a bath-
tub (W65) (RR:1.346, 95% CI 0.959–1.888), fall into bathtub 
(W66) (RR:1.070, 95% CI 0.489–2.345), or fall into a swim-
ming pool (W68) (RR:0.706, 95% CI 0.538–0.925) was higher 
than the overall risk for female deaths for unintentional drown-
ing (RR:0.291, 95% CI 0.265–0.32) (Table 1). The risk for 
females to die from drowning from water-transport-related inci-
dents was significantly lower (RR:0.149, 95% CI 0.114–0.195) 
than males, and within the water transport-related classification, 
females experienced the lowest risk of death from drowning 
compared to all other drowning classification codes.

The largest proportion of drowning deaths among females 
was caused by intentional self-harm (X71, n = 247, 24%), 
drowning and submersion while in natural water (W69, 
n = 162, 16%), and drowning and submersion from fall into 

swimming pool (W68, n = 90, 9%). The largest proportion 
of drowning deaths among males was caused by drowning 
and submersion while in natural water (W69, n = 924, 31%), 
intentional self-harm (X71, n = 406, 13%), and following fall 
into natural water (W70, n = 361, 12%).

Year and month of drowning death

The crude death rate from drowning was highest for females in 
2010–2011, and lowest in 2018–2019 (Table 2). Among males, 
the crude death rate was highest in the years 2009–2010, and 
lowest in 2017–2018. The crude drowning death rate (per 
100,000 persons) for females and males increased in Decem-
ber (females = 0.09, males = 0.23), January (females = 0.08, 
males = 0.27), and February (females = 0.06, males = 0.19). 
May to September had the lowest crude death rate from drown-
ing for females (0.03–0.04) and males (0.11).

Table 2   Drowning fatalities in Australia by sex and financial year and month of death 2006–2019

Bold values represent total
Legend: *Rate of death = per 100,000 persons; ** = financial year; F+M = females and males; RR = relative risk; CI = confidence interval

Variable Females, n % Males, n % Total, n Rate* female
deaths

Rate* 
male
deaths

Rate* total 
deaths (F+M)

RR females/males
95 % CI

Death year** 2006–07 90 28.4 227 71.6 317 0.86 2.18 1.52 0.395 (0.309–0.504)
2007–08 74 24.4 229 75.6 303 0.69 2.17 1.43 0.320 (0.248–0.418)
2008–09 85 25.7 246 74.3 331 0.78 2.28 1.53 0.343 (0.268–0.439)
2009–10 92 25.3 271 74.7 363 0.83 2.47 1.65 0.337 (0.266–0.426)
2010–11 99 28.0 255 72.0 354 0.88 2.29 1.58 0.385 (0.305–0.485)
2011–12 72 22.2 252 77.8 324 0.63 2.23 1.43 0.283 (0.218–0.368)
2012–13 78 23.6 252 76.4 330 0.67 2.19 1.43 0.306 (0.238–0.395)
2013–14 62 22.1 219 77.9 281 0.53 1.88 1.20 0.280 (0.211–0.371)
2014–15 62 23.0 208 77.0 270 0.52 1.76 1.13 0.294 (0.222–0.391)
2015–16 78 24.2 244 75.8 322 0.64 2.03 1.33 0.315 (0.244–0.406)
2016–17 84 28.0 216 72.0 300 0.68 1.77 1.22 0.383 (0.298–0.492)
2017–18 79 32.5 164 67.5 243 0.63 1.32 0.97 0.474 (0.363–0.62)
2018–19 55 20.4 214 79.6 269 0.43 1.70 1.06 0.253 (0.188–0.34)
Total 1010 25.2 2997 74.8 4007 0.67 2.01 1.33 0.333 (0.31–0.358)

Month of death January 134 24.0 424 76.0 558 0.08 0.27 0.17 0.312 (0.257–0.379)
February 99 24.3 309 75.7 408 0.06 0.19 0.13 0.317 (0.252–0.397)
March 97 26.1 275 73.9 372 0.06 0.17 0.12 0.348 (0.277–0.439)
April 79 27.1 212 72.9 291 0.05 0.13 0.09 0.368 (0.284–0.477)
May 56 23.4 183 76.6 239 0.03 0.11 0.07 0.302 (0.224–0.408)
June 45 20.8 171 79.2 216 0.03 0.11 0.07 0.260 (0.187–0.361)
July 66 26.6 182 73.4 248 0.04 0.11 0.08 0.358 (0.270–0.475)
August 58 25.1 173 74.9 231 0.04 0.11 0.07 0.331 (0.246–0.446)
September 72 28.2 183 71.8 255 0.04 0.11 0.08 0.389 (0.296–0.51)
October 79 23.9 252 76.1 331 0.05 0.16 0.10 0.310 (0.241–0.399)
November 76 22.0 270 78.0 346 0.05 0.17 0.11 0.278 (0.216–0.359)
December 149 29.1 363 70.9 512 0.09 0.23 0.16 0.406 (0.335–0.491)
Total 1010 25.2 2997 74.8 4007 0.63 1.88 1.25 0.333 (0.31–0.358)
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drowning death rate (per 100,000 persons) for females 
and males increased in December (females = 0.09, 
males = 0.23), January (females = 0.08, males = 0.27), and 
February (females = 0.06, males = 0.19). May to September 
had the lowest crude death rate for females (0.03–0.04) and 
males (0.11) from drowning.

Drowning deaths by state and territories

The crude death rate was highest among females who died 
from drowning in Tasmania and lowest in Victoria (Table 3). 
The largest proportion of death from a drowning incident 
among females occurred in New South Wales (NSW) (33%), 
Queensland (QLD) (23%), and Victoria (17%). Among 
males, the highest crude death rate from drowning occurred 
in the Northern Territory and the lowest was in the Australian 
Capital Territory. The largest proportion of drowning deaths 
for males by state and territory, was similar to females, occur-
ring in NSW (34%), QLD (24%), and Victoria (16%).

Deaths in state and interstate 
or international visitor status

Most females (88%, n = 892/1010) and males (85%, 
n = 2534/2997) died from drowning within their state of resi-
dence (Table 3), compared to drowning deaths that occurred 
as an interstate or international visitor (including new arrivals). 
The crude death rate from drowning was lowest for deaths 
that occurred as an interstate visitor among females (0.02 per 
100,000 persons) and males (0.07 per 100,000 persons).

Drowning deaths by age group

The crude death rate for females was highest in the 0–4-
year age group with the highest death rate occurring among 
females and males aged 1 and 2 years (Table 4). The crude 
death rate reduced after 3 years of age for females and males 
until adulthood. The number of drowning deaths increased 
as age increased among females from 20 years of age.

Age at death

Females were 1.27 years older at age of death compared to 
males (Table 5). Age at death was highest for intentional 
drowning (females = 55.52 years, males = 56.21 years). 
The largest difference in sex and age at death from drowning 
occurred in the water transport-related classification, where 
females were 11.7 years younger than males.

Remoteness and regional status

The largest proportion of drowning deaths among females 
and males occurred in major cities (%) and inner regional 
areas (%) of Australia (Table 6). The crude death rate for 
drowning was highest for females (1.08 per 100,000 persons) 
and males (3.558 per 100,000 persons) in the very remote 
areas of Australia.

Socioeconomic status

The highest proportion of drowning deaths, when compared 
by sex, occurred in the high-IRSAD group for females (27.5%) 
and low-IRSAD group for males (77.5%) (Table 6). When 
females and males were analysed separately by sex, the larg-
est number of drowning deaths in the female and male groups 
occurred in the mid-IRSAD group (females 42%, males 41%).

Aboriginal and/or Torres Strait Islander 
and non‑Indigenous deaths

Aboriginal and/or Torres Strait Islander females were 17% 
more at risk to die from drowning than non-Indigenous 
females (RR:1.17, 95% CI 0.847–1.618) (Table 6). Aborig-
inal and/or Torres Strait Islander males were 21% more at 
risk to die from drowning than non-Indigenous males (RR: 
1.219, 95% CI 1.014–1.465).

Discussion

The examination of drowning deaths in Australia from 2006 to 
2019 revealed that females were less likely to die from a drown-
ing incident than males; this is consistent with worldwide data 
on drowning fatalities (Bessereau et al. 2016; Claesson et al. 
2021; Franklin et al. 2020; Tyler et al. 2017). The comparison of 
drowning deaths in Australia by sex and drowning classification, 
year and month of death, age, Indigenous status, state/territory, 
and remoteness, found that females were 67% less likely than 
males to experience fatality from a drowning incident repre-
senting 25% of all drowning fatalities in Australia. The largest 
number of deaths among females from drowning occurred by 
intentional drowning, falls into swimming pools, and in natu-
ral water. Age was also found to be a risk factor for females 
as the number of drowning deaths increased as age advanced. 
This study is important as it is the first time the burden of fatal 
drownings experienced by females and males in Australia has 
been examined by all external causes of death, and complete 
disaggregation of data by sex has been presented and explored. 
Previously there was limited description regarding females who 
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experience drowning, and females are widely unrepresented in 
drowning data, creating inequality (Roberts et al. 2021).

Drowning classification

The examination of drowning by primary cause of death and 
by accidental drowning and submersion (W65-W74) codes 
only has been recognized for over 20 years as problematic 

by drowning researchers (Franklin et al. 2020; Lunetta et al. 
2002; Smith and Langley 1998). However, recently some pub-
lications on drowning have included the ICD-10 codes V90, 
V92, X71, X92, and Y21, including flood X38, in addition 
to accidental drowning and submersion W65-W74 (Bierens 
and Hoogenboezem 2022; Centers for Disease Control and 
Prevention 2020; Claesson et al. 2021; World Health Organi-
zation 2016). In this study, 1530 (38%) drowning deaths were 
recorded under ICD-10 codes that did not include W65-W74.

Table 4   Drowning deaths by sex and age groups in Australia 2006–2019

Bold values represent total
Legend: *Rate of death = per 100,000 persons; F+M = females and males; RR = relative risk; CI = confidence interval, **missing data on 1 
female

Age Females, n % Males,
n

% Total, n Rate* female
deaths

Rate* male
deaths

Rate* total
(F+M)

RR females/males
95% CI

0–4 years 144 40.0 216 60.0 360 1.43 2.03 1.73 0.704 (0.57–0.869)
       0 years 22 39.3 34 60.7 56 1.08 1.58 1.34 0.684 (0.4–1.169)
       1 year 56 41.8 78 58.2 134 2.77 3.65 3.22 0.758 (0.538–1.068)
       2 years 36 40.9 52 59.1 88 1.78 2.44 2.12 0.73 (0.478–1.117)
       3 years 19 35.8 34 64.2 53 0.94 1.60 1.28 0.59 (0.336–1.033)
       4 years 11 37.9 18 62.1 29 0.55 0.85 0.70 0.644 (0.304–1.364)
5–19 years 65 21.0 244 79.0 309 0.22 0.78 0.51 0.281 (0.214–0.369)
20–34 years 123 14.9 703 85.1 826 0.36 2.01 1.19 0.178 (0.147–0.216)
35–49 years 194 24.7 590 75.3 784 0.58 1.79 1.18 0.323 (0.275–0.38)
50–64 years 227 28.5 569 71.5 796 0.78 2.01 1.39 0.389 (0.334–0.454)
65+ years 256 27.5 675 72.5 931 1.03 3.17 2.02 0.325 (0.282–0.376)
Total 1009** 25.2 2997 74.8 4006 0.62 1.88 1.25 0.333 (0.31–0.357)

Table 5   Age at death by sex and drowning classification

Bold values represent total
Legend: SD = standard deviation; CI = confidence interval; * = 1 female missing data

Drowning classification Sex n Mean SD 95% CI -/+ Minimum Maximum

Accidental drowning and submersion Female 616 40.25 28.50 37.99 - 42.50 0 98
Male 2018 39.84 23.80 38.80 - 40.88 0 94
Total 2634 39.94 24.97 38.98 - 40.89 0 98

Intentional drowning Female 270 55.52 18.90 53.26 - 57.77 0 94
Male 421 56.21 20.97 54.21 - 58.22 0 98
Total 691 55.94 20.17 54.44 - 57.45 0 98

Water transport-related Female 62 33.89 19.84 28.95 - 38.83 0 90
Male 414 45.59 19.87 43.68 - 47.51 0 93
Total 476 44.07 20.24 42.25 - 45.89 0 93

Undetermined Female 61 52.52 19.31 47.68 - 57.37 0 88
Male 144 49.69 20.42 46.35 - 53.02 0 88
Total 205 50.53 20.09 47.78 - 53.28 0 88

All drowning deaths total Female 1009* 44.68 26.29 43.06 - 46.31 0 98
Male 2997 43.41 23.48 42.57 - 44.25 0 98
Total 4006* 43.73 24.23 42.98 - 44.48 0 98
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A comparison of the Australian drowning deaths by 
sex and drowning classification found in the current study 
was made with studies from the United States, Sweden, 
and the Netherlands (Bierens and Hoogenboezem 2022; 
Centers for Disease Control and Prevention 2020; Claes-
son et al. 2021). The crude death rate from drowning 
when compared by all codes for drowning classification 
and sex in Australia, from 2006 to 2019, was lower than 
the United States during the same period by 0.115 (per 
100,000 persons) for females and 0.411 for males (Cent-
ers for Disease Control and Prevention 2020). The pro-
portion of deaths among females was similar in Australia 
(25.2%) and the United States (23.9%) (Centers for Dis-
ease Control and Prevention 2020). In Sweden and the 
Netherlands, the proportion of drowning deaths for all 
drowning classification codes was comparably higher for 
females at 30.3% in Sweden (Claesson et al. 2021), and 
29.7% in the Netherlands (Bierens and Hoogenboezem 
2022; Centers for Disease Control and Prevention 2020), 
compared to Australia.

Intentional drowning (X71) in this study accounted for 
16.3% of all drowning deaths for females and males com-
bined. The largest proportion of drowning deaths in females 
was from intentional drowning, and this result was consistent 
with two studies from the Netherlands and Ireland where 
females were found to commit suicide by drowning at higher 
rates than males (Bierens and Hoogenboezem 2022; Haw 
and Hawton 2016). Intentional drowning was the second 
leading cause of death for males in this study. In Ireland, 
male deaths from intentional drowning were the second 
leading cause of suicide, highlighting the need to further 
investigate intentional drownings for both females and males 
to reduce mortality from this preventable cause of death 
(Haw and Hawton 2016).

Year and month of death

Death from drowning in this study was highest among 
females in 2010 to 2011. In these years it is important 
to note the impact of cataclysmic events in Queens-
land, New South Wales, and Victoria where widespread 
flooding occurred, with 48 people dying flood-related 
deaths (females 42%, males 58%), including 41 deaths 
in Queensland (Coates 2022). The summer months expe-
rienced the highest number of drowning deaths among 
females and males in Australia (December to February). 
This is consistent with international studies that have 
reported a higher number of drowning deaths during their 
summer months, including studies from Canada (Clem-
ens et al. 2016), France (Bessereau et al. 2016), and New 
Zealand (Webber et al. 2020).

Place of death

The highest number of drowning deaths in Australia 
occurred within the state or territory of residence of the vic-
tim (females 88%, males 85%). Female and male travelers 
including domestic interstate visitors (females 0.02, males 
0.07) and international visitors (females 0.12, males 0.40) 
experienced the lowest crude death rate per 100,000 persons 
from drowning during this period.

Regional and remote status is an important epidemiologi-
cal factor in drowning in Australia, as the crude death rate 
increases with remoteness (Taylor et al. 2020). This was 
also found in this study, with females and males experienc-
ing the highest crude death rate in the very remote areas of 
Australia. For females, the crude death rate increased by 
71% to 1.08 per 1,000,000 persons and increased by 88% 
among males to 3.55 deaths per 100,000 persons in the very 
remote areas. This is important to acknowledge as people 
living in rural and remote in Australia have limited access to 
emergency medical services and healthcare, and distance for 
medical retrieval has placed people living in these areas at 
risk for injury (Dobson et al. 2022; McGrail and Humphreys 
2015; Taylor et al. 2020).

Age

The comparison of drowning deaths and age was made with 
Sweden (Claesson et al. 2021), the Netherlands (Bierens 
and Hoogenboezem 2022), and Canada (Clemens et  al. 
2016), although there are some limitations with the study 
from Canada which only included unintentional drowning 
and submersion. The incidence of fatality from drowning 
in the 0–4-year age group was higher among females in 
Australia compared to Canada (Clemens et al. 2016). There 
was no difference by sex in the risk of death from drown-
ing among the 0–4-year age group in this study, and males 
that were 0–4 years of age experienced a higher number of 
deaths compared to females. Infants are a vulnerable group 
in drowning, with males known to account for most fatalities 
(Gaida and Gaida 2016; Wallis et al. 2015b; World Health 
Organization 2014). The infant mortality rate from drowning 
remains high in HIC and LMICs despite this age group hav-
ing been studied extensively in drowning (Gaida and Gaida 
2016; Miller et al. 2019).

The incidence of death from drowning among females and 
males in the 5–19-year age group in Australia was similar to 
Canada (Clemens et al. 2016). Within the 20–34-year, 35–49-
year, 50–64-year, and 65+-year age groups, the number of 
drowning deaths followed similar patterns among females 
and males from Australia with Sweden and Canada (Claesson 
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et al. 2021; Clemens et al. 2016). The number of drowning 
deaths across all age groups was higher among females in 
Australia compared to females in Canada and was lower in 
Australia compared to Sweden (Claesson et al. 2021; Clem-
ens et al. 2016). In this study, the largest number of drown-
ing deaths among females occurred within the 65+-year age 
group, and the number of drowning deaths increased among 
females as age increased from 35 years, which was similar to 
the findings in Sweden (Claesson et al. 2021).

The average age of death from drowning in Australia was 
lower among Australian females and males compared to the 
Netherlands, females were 11.9 years younger and males 
were 5.3 years younger at age of death in Australia (Bierens 
and Hoogenboezem 2022). The largest difference in age of 
death in this study occurred in the water transport-related 
classification with females found to be younger than males 
by 11 years. It is unclear why there exists such a difference 
in age among females. Males are known to engage in water-
transport-related activities more than females and experience 
a higher rate of death from water-transport-related drowning 
compared to females (Wilcox-Pidgeon et al. 2019). How-
ever, in a recent Australian study, females were found to be 
more likely to experience fatality from incidents involving 
jet skis than males, and also engaged in similar alcohol con-
sumption as males while on board water-transport vessels 
(Wilcox-Pidgeon et al. 2019).

Indigenous status

Drowning deaths were more likely to occur among female 
(17%) and male (21%) Aboriginal and/or Torres Strait 
Islanders compared to non-Indigenous females and males 
in Australia (including Indigenous status not stated). This 
study also found that the crude death rate was higher among 
female and male Aboriginal and/or Torres Strait Islander 
peoples than among non-Indigenous females and males. A 
previous Australian study reported the drowning risk for 
Aboriginal and/or Torres Strait Islander children to be 1.44 
times higher than for non-Indigenous children, and they 
were found to be more vulnerable to drowning in remote and 
rural areas (Wallis et al. 2015a). However, further research is 
required to understand drowning in Aboriginal and/or Torres 
Strait Islander peoples (Royal Life Saving Society-Australia 
2021; Wallis et al. 2015a).

Socioeconomic status

Socioeconomic status has been previously found in drown-
ing to be related to health outcomes, with a study from 
the United States reporting an association between lower 

socioeconomic status and poor health outcomes in drown-
ing (El Sibai et al. 2018). In Australia, the IRSAD measures 
income, education, employment, housing, and other vari-
ables, including family household indexes in a geographi-
cal area, but does not relate to individual status (Australian 
Bureau of Statistics 2016b). In this study, when compared by 
sex, the largest proportion of females (42%) and males (41%) 
who died from drowning were from geographical areas 
indexed as ‘mid-IRSAD’ status. Within these geographical 
areas, people more commonly experienced a moderate level 
of socioeconomic advantage and disadvantage, meaning 
there may be small differences (above or below the national 
average), such as in income status, employment status, occu-
pational status, housing (owning versus renting), and level 
of education (Australian Bureau of Statistics 2018). This 
is another area of drowning research that requires further 
exploration.

Impact of drowning by sex

This study has presented a review of drowning deaths over 
a 13-year period in Australia and has included a detailed 
description of drowning deaths among females. Although 
males clearly represent the highest number of drowning 
deaths in Australia, this study has found that females who 
had died from a drowning incident during this period expe-
rienced similar patterns to males in the month of death, 
place of death (state/territory and regional and remote sta-
tus), socioeconomic status, and age at death for the drown-
ing classification of accidental drowning and submersion, 
and intentional drowning. This is the first study on drown-
ing to present detailed results on females.

Drowning is a significant public health issue, and public 
health research that examines the causal factors by sex and 
gender can be used to inform gender-specific prevention and 
health promotion strategies. The impact of socialization and 
its association with gender and gender-based activities is 
believed to be influential in the behaviour and risk-taking 
attitudes and activities among females and males in drown-
ing (Howland et al. 1996); however, it is an area of research 
that is yet to be fully explored. It is well documented that 
overall males are more likely to engage in riskier activi-
ties compared to females which lead to drowning incidents 
(Howland et al. 1996; Quinton et al. 2022), such as swim-
ming in open waters (i.e., oceans and rivers), swimming 
alone, and at night (Howland et al. 1996; Morgan et al. 
2009). Males have been found to be more likely to swim 
outside lifeguard-patrolled areas (Castelle et al. 2018) and 
to spend a longer amount of time in the water (Morgan 
et al. 2009), less likely to wear life protective jackets when 
on board water vessels (Peden et al. 2018a), and likely to 
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ingest alcohol at higher rates than females when engaging 
in aquatic activities (Peden et al. 2018b); however, this may 
be changing, with gender differences in alcohol consumption 
decreasing (Keyes et al. 2019). Although aquatic activities 
and risk-taking behaviours among females are less docu-
mented, the limited evidence on females suggests they may 
engage in less risk-taking behaviours; for example, females 
have been found to be more likely to wade and swim in shal-
lower areas rather than in deeper water at beaches compared 
to males (Morgan et al. 2009). Females have also been found 
to have had a higher uptake of and engagement in formal 
swimming programs over a longer time period than males 
(Howland et al. 1996; Morgan et al. 2009). These are exam-
ples of the protective factors among females in aquatic activ-
ities that may reduce the risk of drowning. As more studies 
explore the role of gender and the links with the socialization 
of gender and drowning risk, this will uncover much-needed 
gender-specific health promotion strategies that will act to 
reduce the risk of and burden of drowning experienced by 
females and males.

When sex and/or gender analysis is not included in public 
health studies, the opportunities to uncover health risks and health 
knowledge specific to females are missed, reinforcing the sex and 
gender bias existing in health research that has largely focused on 
males (Gahagan 2016; van Hagen et al. 2021). Internationally, 
researchers have emphasized the important need for both a sex 
and gender focus to be mainstreamed within the research com-
munity (Mazure and Jones 2015; van Hagen et al. 2021). This has 
particularly affected the public health knowledge and evidence on 
females who have experienced unequal representation in research 
studies over many decades (Peters and Norton 2018; van Hagen 
et al. 2021). This directly affects knowledge translation, as the 
generalizability of research findings to inform prevention and 
health promotion strategies is limited when sex and/or gender 
are not disaggregated (Gahagan et al. 2015; Peters and Norton 
2018; van Hagen et al. 2021). The impact of this reduces equity in 
health decision-making, healthcare and health program planning, 
and health policy at the local, national, and international levels 
(van Hagen et al. 2021).

Currently in Australia there are a limited number of health 
promotion campaigns and programs that specifically target 
females. Wilcox-Pidgeon and colleagues report on a qualita-
tive evaluation of a drowning prevention campaign involving 
a swimming skill intervention program which was introduced 
for older female migrants in Australia, a group which has been 
identified as high risk for drowning (Wilcox-Pidgeon et al. 
2021). Participants in this study reported a range of benefits 
as a result of engaging in the program (Wilcox-Pidgeon et al. 
2021). This included improvements to their physical and mental 
health, greater confidence in the water and increased health 
literacy related to drowning risk and water safety for themselves 

and their families (Wilcox-Pidgeon et al. 2021). Another Aus-
tralian study assessed the perceived ability of young adults to 
perform a rescue; determined the level of aquatic rescue knowl-
edge; and measured the effect of an aquatic rescue intervention, 
and found that a higher proportion of females in the 15–24-year 
age group had completed water rescue and/or lifeguard train-
ing and formal swimming lessons, compared to males (Petrass 
and Blitvich 2018). The aquatic rescue intervention focused on 
water rescue and swimming survival skills, and found that the 
knowledge and practical skills learned were significantly higher 
among females than among males (Petrass and Blitvich 2018). 
These studies (Petrass and Blitvich 2018; Wilcox-Pidgeon et al. 
2021) highlight the importance of engaging females in swim-
ming and water rescue skill training as a protective factor to 
reduce the risk of drowning; however, more interventions tar-
geting females are required with ongoing research to evaluate 
their success and impact.

Limitations

While this study has provided some female-specific knowledge 
on drowning there are a number of limitations to be acknowl-
edged. The data provided by the ABS was only available for sex 
and not gender; therefore, the inclusion of gender in the data 
analysis was not possible. There was also missing data on sex for 
the variables of socioeconomic status (IRSAD) and age. Popula-
tion data stratified by sex was not able to be accessed on usual 
residence overseas or unknown usual residence and IRSAD sta-
tus; therefore, the results have been presented by proportion only. 
The risk of bias has to be acknowledged, two authors (KR and 
RF) completed data analysis and then independently rechecked 
data analysis and results. A further limitation is that only mini-
mal comparisons of females who had died from drowning could 
be made with international studies due to the limited research 
and evidence that exists.

Conclusion

The importance of including sex and/or gender in research 
to improve health equity for females is gaining attention. In 
drowning research in particular, there continues to be a clear 
need for improved disaggregation of sex and gender. This 
study found that Australian females are vulnerable to the risk 
of death from drowning particularly in regard to intentional 
drowning, falls into swimming pools, and in natural water. 
As their age increased, the number of fatalities from drown-
ing also increased. The development of dedicated drown-
ing prevention and health promotion strategies targeted to 
females are urgently required to reduce the risk of fatality 
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from drowning. However, without the equal representation 
and exploration of females in drowning research, knowledge 
gaps will remain and will continue to hinder program devel-
opment in this area.

Appendix 1

ICD-10 codes (World Health Organization 2016) - Sec-
ondary cause of drowning death

C50 - Malignant neoplasm, breast
D68 - Coagulation defect
F10 - Mental and behavioural disorders due to use of 

alcohol, acute intoxication/psychotic disorder, dependent 
syndrome

F32 - Depressive episode
G20 - Parkinson disease
G40 - Epilepsy
G80 - Cerebral palsy
G93 - Encephalopathy
I08 - Multiple valve diseases
I11 - Hypertensive heart disease
I21 - Acute myocardial infarction
I25 - Chronic ischaemic heart disease
I46 - Cardiac arrest
I51 - Complications and ill-defined descriptions of 

heart disease
I69 - Sequelae of cerebrovascular disease
J43 - Emphysema
Q07 - Other congenital malformations of nervous 

system
Q85 - Phakomatoses, not elsewhere classified
V43 - Car occupant injured in collision with car
V47 - Car occupant injured in collision with fixed or sta-

tionary object

V48 - Car occupant injured in non-collision transport 
accident

W12 - Fall on and from scaffolding, industrial and con-
struction area

W13 - Fall from, out of or through building or structure
W15 - Fall from cliff
W58 - Bitten or struck by crocodile or alligator
W78 - Inhalation of gastric contents
X31 - Exposure to excessive natural cold
X37 - Victim of cataclysmic storm
X38 - Victim of flood
X41 - Accidental poisoning by and exposure to antiepi-

leptic, sedative-hypnotic, antiparkinsonism and psychotropic 
drugs, not elsewhere classified

X44 - Accidental poisoning by and exposure to other and 
unspecified drugs, medicaments, and biological substances

X61 - Intentional self-poisoning by and exposure to antie-
pileptic, sedative-hypnotic, antiparkinsonism and psycho-
tropic drugs, not elsewhere classified

X64 - Intentional self-poisoning by and exposure to 
other and unspecified drugs, medicaments, and biological 
substances

X65 - Intentional self-poisoning by and exposure to 
alcohol

X78 - Intentional self-harm by sharp object
X80 - Intentional self-harm by jumping from a high place
Y00 - Assault blunt object
Y11 - Poisoning by and exposure to antiepileptic, seda-

tive-hypnotic, antiparkinsonism and psychotropic drugs, not 
elsewhere classified, undetermined intent, home

Y14 - Poisoning by and exposure to other and unspeci-
fied drugs, medicaments and biological substances, unde-
termined intent

Y20 - Hanging, strangulation and suffocation, undeter-
mined intent

Y87 - Sequelae of intentional self-harm

Table 7   STROBE checklist (von Elm et al. 2014)

Item no. Recommendation Pageno. Relevant text from manuscript

Title and abstract 1 (a) Indicate the study’s design with a com-
monly used term in the title or the abstract

1,3 Title, abstract

(b) Provide in the abstract an informative 
and balanced summary of what was done 
and what was found

3 Abstract

Introduction
Background/rationale 2 Explain the scientific background and ration-

ale for the investigation being reported
4 Introduction, paragraphs 1–4

Objectives 3 State-specific objectives, including any 
prespecified hypotheses

5 Introduction, paragraph 5

Appendix 2
Table 7
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Table 7   (continued)

Item no. Recommendation Pageno. Relevant text from manuscript

Methods
Study design 4 Present key elements of study design early 

in the paper
5 Subject and methods, paragraph 1

Setting 5 Describe the setting, locations, and relevant 
dates, including periods of recruitment, 
exposure, follow-up, and data collection

5 Subject and methods, paragraph 2

Participants 6 (a) Cohort study—Give the eligibility 
criteria and the sources and methods of 
selection of participants. Describe methods 
of follow-up

Case-control study—Give the eligibility 
criteria and the sources and methods of 
case ascertainment and control selection. 
Give the rationale for the choice of cases 
and controls

Cross-sectional study—Give the eligibility 
criteria, and the sources and methods of 
selection of participants

5 Subject and methods, paragraph 2

(b) Cohort study—For matched studies, give 
matching criteria and number of exposed 
and unexposed

Case-control study—For matched studies, 
give matching criteria and the number of 
controls per case

n/a

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, 
if applicable

5–6 Subject and methods, paragraphs 3–6

Data sources/ measurement 8* For each variable of interest, give sources of 
data and details of methods of assessment 
(measurement). Describe comparability of 
assessment methods if there is more than 
one group

5–6 Subject and methods, paragraphs 3–6

Bias 9 Describe any efforts to address potential 
sources of bias

18 Discussion, Limitations, paragraph 1

Study size 10 Explain how the study size was arrived at 5 Subject and methods, paragraphs 1 and 2
Quantitative variables 11 Explain how quantitative variables were 

handled in the analyses. If applicable, 
describe which groupings were chosen 
and why

5–6 Subject and methods, paragraphs 3–6

Statistical methods 12 (a) Describe all statistical methods, includ-
ing those used to control for confounding

7 Subject and methods, paragraph 9

(b) Describe any methods used to examine 
subgroups and interactions

6 Subject and methods, paragraph 6

(c) Explain how missing data were 
addressed

7 Subject and methods, paragraph 7

(d) Cohort study—If applicable, explain how 
loss to follow-up was addressed

n/a

Case-control study—If applicable, explain 
how matching of cases and controls was 
addressed

Cross-sectional study—If applicable, 
describe analytical methods taking account 
of sampling strategy

(e) Describe any sensitivity analyses n/a
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Table 7   (continued)

Item no. Recommendation Pageno. Relevant text from manuscript

Results
Participants 13* (a) Report numbers of individuals at each 

stage of study—e.g., numbers poten-
tially eligible, examined for eligibility, 
confirmed eligible, included in the study, 
completing follow-up, and analysed

7 Results, paragraph 1

(b) Give reasons for non-participation at 
each stage

n/a

(c) Consider use of a flow diagram n/a
Descriptive data 14* (a) Give characteristics of study participants 

(e.g., demographic, clinical, social) and 
information on exposures and potential 
confounders

7–14 Results, paragraphs 1–11, Tables 1, 2, 3, 4, 
5 and 6

(b) Indicate the number of participants with 
missing data for each variable of interest

13, 14 Results, Tables 4 and 5

(c) Cohort study—Summarize follow-up 
time (e.g., average and total amount)

n/a

Outcome data 15* Cohort study—Report numbers of outcome 
events or summary measures over time

7–14 Results, paragraphs 1–11, Tables 1, 2, 3, 4, 
5 and 6

Case-control study—Report numbers in each 
exposure category, or summary measures 
of exposure

n/a

Cross-sectional study—Report numbers of 
outcome events or summary measures

n/a

Main results 16 (a) Give unadjusted estimates and, if appli-
cable, confounder-adjusted estimates and 
their precision (e.g., 95% confidence inter-
val). Make clear which confounders were 
adjusted for and why they were included

9
10
12
13
14

Results, Tables 1, 2, 3, 4, 5 and 6

(b) Report category boundaries when con-
tinuous variables were categorized

n/a

(c) If relevant, consider translating estimates 
of relative risk into absolute risk for a 
meaningful time period

n/a

Other analyses 17 Report other analyses done—e.g., analyses 
of subgroups and interactions, and sensi-
tivity analyses

13 Results, Table 4

Discussion
Key results 18 Summarize key results with reference to 

study objectives
15–18 Discussion, paragraphs 1–11

Limitations 19 Discuss limitations of the study, taking 
into account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias

19 Discussion, limitations, paragraph 2

Interpretation 20 Give a cautious overall interpretation of 
results considering objectives, limitations, 
multiplicity of analyses, results from simi-
lar studies, and other relevant evidence

18 Discussion, impact of drowning by sex, 
paragraph 3

Generalizability 21 Discuss the generalizability (external valid-
ity) of the study results

18–19 Discussion, impact of drowning by sex, 
paragraph 1–2

Other information
Funding 22 Give the source of funding and the role of 

the funders for the present study and, if 
applicable, for the original study on which 
the present article is based

n/a
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