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Abstract: Drowning is public health issue requiring global, national and community responses. The
multisectoral nature of drowning prevention reinforces the need for multidisciplinary research, which
can play a key role in identifying patterns, factors and interventions and contributes to evidence-
informed prevention. This study presents a biometric analysis of drowning research published in
1995-2020 and identifies temporal trends in research themes, journals, countries and authorship to
assist in the planning of future research. This study identified 935 studies, representing authors from
80 countries. Publications grew 103-fold, and 41.2% (n = 385) were published since 2014. The top
20 journals are all injury prevention, public health, or medical journals. The top 5 accounted for 24.5%
(n = 229) of total publications (TP). Research from the United States (TP = 313, 25.0%) and Australia
(TP =192, 15.3%) dominates the field. Growth is highest in low—-middle-income countries (LMICs)
including China (TP = 54, 4.3%, 32-fold), India (TP = 30, 2.4%, 17-fold) and Bangladesh (TP =47, 3.7%,
7-fold). The study identifies significant growth in epidemiologic studies reporting burden and risk
factors. Research in LMICs is increasing but lags relative to the burden. The role of multilateral and
nongovernment organisations in evidence generation is evident and needs investigation, as do gaps
in evidence for interventions and partnerships to progress the drowning prevention field.

Keywords: drowning; drowning prevention; injury; bibliometric analysis; publication trends

1. Introduction

Drowning has been described as ‘a highly preventable public health challenge that
has never been targeted by a global strategic prevention effort’ [1]. Drowning prevention
is multisectoral in nature, intersecting with key international themes including climate
change; migration; child and adolescent health; water, sanitation and hygiene; and disaster.
Multidisciplinary research is critical for identifying the patterns of drowning, investigating
prevention measures and engaging with relevant sectors.

Global drowning is estimated to have declined by 44.5% between 1990 (n = 531,956)
and 2020 (n = 295,210) [2], although the precision of health surveillance in capturing
drowning mortality and morbidity is debated [3,4]. Studies using verbal autopsy in
Bangladesh [5] and India [6] have highlighted a previously hidden burden among children
in low-middle-income countries (LMICs), prompting increased interest by governments,
multilateral organisations such as the World Health Organization (WHO) and United
Nations Children’s Fund (UNICEF), nongovernment organisations and donors.

Significant advances have included the development of a new drowning definition
in 2005 [7]. This was followed by increased interest in the drowning burden in LMICs,
principally from across Asia, as evidenced in the WHO World Report on Child Injury
Prevention [8]. The WHO's first Global Report on Drowning: Preventing a Leading Killer
in 2014 provided a catalyst for increased advocacy, research and programs [1]. As drowning
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prevention gains space in global health advocacy, research agendas will play a more critical
role. Understanding the depth of research throughout this period may provide a basis for
conceptualising future research activities as well as the development of the field.

Bibliometric analysis is used to quantitatively assess academic research activity, and
to analyse and describe trends in the development of a field, and can be an effective tool
for policymakers. It has been used in recent times to analyse research in fields including
global health [9], intimate partner violence [10], road traffic injury [11,12] and disaster risk
reduction [13]. Bibliometric findings provide a simple, objective and verifiable measure
of research performance. In addition, the research contributions of different countries
can be identified and used by politicians, media and evaluation agencies when assessing
scientific activity and commitment to an issue on national and global levels. In recent
years, bibliometric analysis has been used to inform research policy and management
decisions [14].

To our knowledge, bibliometric analysis has not previously been applied to drowning.
This bibliometric analysis aims to map trends in drowning research published between
1995 and 2020. The objective is to identify trends in research, journals, countries, authorship,
co-authorship and key themes.

2. Methods
2.1. Search Strategy

Electronic searches for the term “drowning” in keyword, title and abstracts were
conducted in PubMed, The Cochrane Library, Web of Science and Embase. This study used
search results for literature published between 2005 and 2020 as part of an unpublished
scoping review. To map trends over time, a second search using the same search strings,
databases and inclusion/exclusion criteria for literature published between 1995 and 2004
was conducted. The process is outlined in Figure 1.

2.2. Inclusion and Exclusion

Studies published in English in peer-reviewed journals were included if they were
systematic reviews, randomised and non- randomised controlled trials, cohort studies,
case-control studies, cross-sectional studies, retrospective analysis, observational studies
and qualitative studies.

Forensic studies; case reports; animal studies; studies with a singular focus on water
quality /geography; studies with a singular focus on intentional drowning; comments,
editorials, or letters; conference or congress papers (if abstract only); and journal news
publications were excluded. Studies were selected using title screening and duplicate
removal in Endnote, followed by title and abstract blinded screening by both the authors in
Rayyan, a web application used for screening and coding studies in a review. Any conflicts
were resolved by both authors. References were imported to Endnote; duplicates were
removed, and full-text updates were completed.

2.3. Matching Records to the Scopus Database

VOSviewer, a computer program used for constructing bibliometric maps [15], was
tested by importing data from Endnote, Web of Science and Scopus. Scopus was chosen
due to the completeness of citation data. Search strings were created by extracting Digital
Object Identifier (DOI) and PubMed Identifier (PMID) from Endnote. Titles were used for
records without DOI or PMID. The search strings were applied to Scopus advanced search,
and the results were combined to yield a list of matched publications. Data were extracted
in Excel.

2.4. Periods for Analysis

Four periods for analysis were identified: 1995-2004, 2005-2014, 2015-2020 and
1995-2020. The first period (1995-2004) reflects the decade prior to the publication of
the new medical definition of drowning. The second period (2005-2014) reflects the
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decade prior to the publication of the WHO Global Report on Drowning. The third period
(2015-2020) reflects six years since the WHO Report. The total study period presents
26 years of research. These four periods provide a basis for temporal analysis of trends.

2.5. VOSwviewer, Tables and Maps

VOS viewer (v1.6.16) was used to collate data and create visualisations. Text files
for the periods 1995-2020, 1995-2004, 2000-2014 and 2015-2020 were applied using the
biometric (Scopus) import function of VOS viewer. Thesaurus files were used to standardise
duplicates and correct spellings. Total publications (TP), total citations (TC) and link
strength (LS) were tabulated for countries, journals, author keywords and authors. Link
strength is calculated as total publications between two authors or author keywords.
Visualization maps were created for keywords and authors. These are represented by
circles, where the diameter is determined by the number of occurrences. The distance
between two circles represents the closeness of any association. Links between circles are
represented by lines.

Linked authors or keywords are automatically clustered and assigned colours. Default
settings were used in all cases except in co-author visualisation, where settings were
adjusted to show authors with three or more publications. This was necessary given the
lower ratio of papers per author in the 1995-2004 and 2005-2014 periods.

ELECTRONIC SEARCH
For term "Drowning” in key word, title,
abstracts. (2.1) in PubMed, The Cochrane
Library, Web of Science, Embaze

v

v

SEARCH 1: SCREENING SEARCH 2:
Literature Inclusion, Literature
published 2005- Exclusion Criteria published 1995-
20. {n=777} applied (2.2} 2004. (n=340)
COMBINE SEARCHES
Search 1 & 2 results
combined; duplicates
removed (n=358)

MATCH RESULTS
Scopus Database
using DOI, PMID
data. (2.3}

BIBLIOMETRIC DATA EXTRACTION
@35 studies for period 1995-2020
1995-2004: 2005-2014: 2015-2020:
135 studies — 365 studies — 385 studies
(19.8%) (39%) (41.2%3)

v

BIBLIOMETRIC AMALYSIS
lournals, countries, publications,
author keywards, authaors, author

clusters

Figure 1. Process map for identifying literature.
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3. Results
3.1. Search and Scopus Matching Results

A total of 777 studies were extracted from 3346 search records identified for the
period 2005-2020. This search was supplemented by a second search for studies pub-
lished between the period 1995-2004, which produced 1294 studies. Duplicate and title
screening reduced this to 340 potentially relevant studies. Titles and abstracts were inde-
pendently screened, resulting in 186 studies for 1995-2004. The results for both periods
(1995-2004, 186; 2005-2020, 777) were combined and five duplicates were removed, result-
ing in 958 studies being identified for biometric analysis.

Of the 958 studies, 935 (97.6%) were matched to records in the Scopus database. DOI
search yielded 823 of 854 records (96.4%) and PMID identified 814 of 886 (91.9%) records.
A title search for publications without a DOI or PMID ID yielded an additional 11 records.
The leading Scopus subject classifications were Medicine (61.5%), Social Sciences (11.3%),
Nursing (4.6%) and Environmental Sciences (4.5%) (data not shown).

3.2. Growth in Publications

The study identified 935 publications between 1995 and 2020. Figure 2 shows that
publications grew 103-fold over the 26-year period, from nine in 1995 to 80 published in
2020. The period 2015-2020 (six years) accounts for 41.2% (n = 385) of all the publications
since 1995.

1000

900 Other Journals (TP=528, 56.47%)
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800 mmm— Arch. Dis. Child. (TP=8, 0.86%)
2 Am. J. Forensic Med. Pathol. (TP=8, 0.86%)
700 m— Int Marit Health (TP=9, 0.96%)
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Figure 2. Total drowning publications by year, cumulative total and top 20 journals, 1995-2020.

3.3. Journals

Figure 2 presents the top 20 journals by publication number by year within the study
period. The top five journals accounted for 24.5% (TP = 233) of publications. The top five
journals by publication were Injury Prevention (TP = 89, 9.5%), International Journal of Injury
Control and Safety Promotion (TP = 52, 5.6%), BMC Public Health (TP = 35, 3.7%), Accident
Analysis Prevention (TP =27, 2.9%) and Resuscitation (TP = 26, 2.8%). The top 20 journals
are all injury prevention, public health, or medical journals. The Journal of Coastal Research
(rank = 33, TP = 6, 0.6%) and Natural Hazards (rank = 41, TP = 5, 0.5%) are two nonmedical
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or public health journals in the top 50, and 322 individual journals were identified (data
not shown).

3.4. Countries

Analysis of publications by country reports on the relative strength and prominence
of research in a country relative to the field. The study identified 80 countries in author
affiliation data, which grew from 37 in 1995-2004 to 79 in 2015-2020. Figure 3 shows that
research is concentrated in two countries: the United States (TP = 313, 25.0%) and Australia
(TP =192, 15.3%). China (TP = 54, 4.3%; China was reclassified upper-middle income in
2015 by The World Bank), Bangladesh (TP = 47, 3.7%) and India (TP = 30, 2.4%) are the
only low—-middle-income countries to appear in the top 10. Growth rates are highest in
China (32-fold), India (17-fold) and Bangladesh (7-fold).

ﬁ:::;ges 1995-04  2005-14  2015-20 | 1995-20
aoned 88 115 110 313
Australia 24 52 116 192
Canada 7 22 24 63
%;Zim 12 25 25 62
China 1 21 z2 54
Bangladesh 3 22 22 47
Sweden 8 22 1 41
Zentand 8 14 10 32
india 0 13 17 20
Netherlands 4 16 7 27

Figure 3. Top 10 countries represented in publications, 1995-20 and across three periods of 1995-2004,
2005-2014 and 2015-2020.
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3.5. Most Commonly Cited Publications

The top five most cited publications were Mokdad (2016), Jonkman (2005), Agran
(2003), Flores (2010) and Jonkman (2009). Research topics included global burden of disease
injuries in young people, flood disaster deaths, pediatric injuries in children 0-3 years,
racial disparities in child health and mortality after hurricane Katrina. Many of these
contexts may be considered distal to drowning. Linked citations provide an indication
of related studies in a similar field and may be an indicator of studies proximal to the
drowning field. The highest linked citation scores in Table 1 include Quan (2003, LC = 40),
van Beeck (2005, LC = 29), Idris (2003, LC = 22), Brenner (2001, LC = 22) and Szpilman
(2012, LC = 21).

Table 1. Top 20 drowning publications by citation and linked citation, 1995-2020.

Author (Year) Publication Title Journal (Abbrev) TC LC
Global burden of diseases, injuries, and risk factors
for young people’s health during 1990-2013: a
Mokdad A.H. (2016) systematic analysis for the Global Burden of Disease Lancet 354 !
Study 2013.
Jonkman S.N. (2005) An analysis of the causes and circumstances of flood Disasters 302 3
disaster deaths
Agran PE. (2003) Rates of pedla.trlc injuries by 3-month intervals for Pediatrics 27 5
children 0 to 3 years of age.
Flores G. (2010) Racial and ethnic dlSpaI‘ltleS. in the health and health Pediatrics 264 1
care of children.
Loss of life caused by the flooding of New Orleans
Jonkman S.N. (2009) after hurricane Katrina: Analysis of the relationship Risk Anal 216 3
between flood characteristics and mortality.
A new definition of drowning: Towards
Van Beeck E.F. (2005) documentation and prevention of a global public Bull WHO 214 29
health problem.
Surveillance for fatal and nonfatal injuries—United
Vyrostek S.B. (2004) States, 2001. Morb Mortal Wkly 212 1
Injury-related fatalities in China: an
Wang 5.Y. (2008) under-recognised public-health problem. Lancet 199 8
Szpilman D. (2012) Drowning,. New Engl | Med 182 21
Brunkard J. (2008) Hurricane Katrina deaths, Louisiana, 2005. Disaster Melglri;ublzc Health 169 1
Eschbach K. (1999) Death at the border. Int Migr Rev 167 0
Kobusingye O. (2001) Injury patterns in rural and urban Uganda. Injury Prev 153 5
. Recommended Guidelines for Uniform Reporting of . )
Idris A.H. (2003a) Data from Drowning the “Utstein Style”. Circulation 144 22
: » . .
Rimsza M.E. (2002) Can child deaths be prevented? The Arizona Child Pediatrics 141 1

Fatality Review Program experience.

Thompson D.C. (2000) Pool fencing for preventing drowning in children. Cochrane Database Syst Rev 139 15
Quan L. (2003) Characteristics of drowning by different age groups. Injury Prev 134 40
Peden M.M. (2003) The epidemiology of drowning worldwide. Inj Control SafPromot 128 18
Baqui A.H. (1998) Causes of chllfihood deaths in Bangladesh: Results of Bulletin WHO 125 5
a nationwide verbal autopsy study.

Association between swimming lessons and .
Brenner R.A. (2009) drowning in childhood: A case-control study: Arch Pediatr Adolesc Med 123 22
Giesbrecht G.G. (2000) Cold stress, near drowning and accidental Aviat Space Environ Med 121 2

hypothermia: A review.

3.6. Author Keywords

Author keywords reflect the intended subject and audience for the publication as selected
by the authors. The study identified 1412 unique author keywords. The top five were
drowning (n = 263, 18.6%), children (n = 76, 5.4%), injury (n = 75, 5.3%), mortality (1 = 67,
4.7%) and epidemiology (1 = 57, 4.0%). Those which may be considered unique to drowning
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included drowning prevention (1 = 33, 2.3%), water safety (n = 23, 1.6%), lifeguards (n = 20,
1.4%), swimming pools (1 = 14, 0.9%) and swimming (n = 13, 0.0%). Figure 4 shows the
top author keywords with five or more instances (1 = 63) and organised into seven clusters
by VOS viewer. Leading themes (clusters) include Medical (n = 344, 24.4%); Child Injury
and Drowning (n = 245, 17.4%); Drowning and Injury Prevention (1 = 169, 12.0%); Mortality,
Autopsy (n = 133, 9.4%); and Resuscitation, Rescue (n = 104, 7.4%).

qualitativerresearch

disasters

floads »

heg)
education i
inten ;f‘l ] /
v £
rip current ing [
beachisafety

(' psy

divingideaths

pro osis &VOSVIGWEI’

Colour Author Key Word (n=1412) by Cluster (%) and First Five Author Key Words
. Medical (n=344, 24.4%) including drowning (263), near-drowning (15), safety (14), trauma (12), hypothermia (7)
. Child Injury and Drowning (n=245, 17.4%) including children (786), injury (75), risk factors (29), swimming pools (14), surveillance (11)

. Drowning, Injury Prevention (n=169, 12.0%) including drowning prevention (33), injury prevention (30), water safety (23),
alcohol (18), public health (17)

. Mortality, Autopsy (n=133, 9.4%) including mortality (67), fatality (18), autopsy (11), cause of death (11), immersion (8)
. Injuries, Suicide (n=113, 8.0%) including prevention (32), accidents (25), unintentional injury (22), suicide (13), child health (6)
{_ Resuscitation, Rescue (n=104, 7.4%) including resuscitation (32), lifeguards (20), education (11), rescue (11), beach safety (10)

{ Flood, Disaster (n=-79, 5.6%) including epidemiology (57), floods (12), disasters (5), vulnerability (5)

Figure 4. Visualisation of author keywords in seven clusters, 1995-2020.

3.7. Authors

Publication numbers and citations can be a measure of author productivity, as well as
the depth of the field. The study identified 935 papers written by 2840 authors. Figure 5
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Author

Franklin R.C

Peden AE

Rahman A

Quan L

Rahman A KM F

Hyeler AA,

Ivers R

Jagnoor J

Bierens J.OLM

Dzanne-Smith J.

Leggat PA

Smith G.5.

Brander RW

Bennett E.

Arifeen SE

Country

Australia

Australia

Bangladesh

United States

Bangladesh

United States

Australia

Australia, India

Netherlands

Australia

Australia

United States

Australia

United States

Bangladesh

shows the top 15 authors by number of publications. Leading authors included Franklin
R.C. (TP = 48), Peden A.E. (TP = 36), Rahman A. (TP =29), Quan L. (TP = 28) and Rahman
AXKME. (TP = 25). Quan L. (TC = 870), Bierens ].J.L.M. (TC = 832), Szpilman D. (TC=798),
Franklin R.C. (TC = 653) and Smith G.S (TC = 523) where included when total citations
were considered. Rahman A.K.M.F (TC = 480), Arifeen S.E. (TC = 382) and Rahman A.

(TC = 345) are the only LMIC-based authors to appear in the top 10.

. 1995- 2005 2015-
Co-Authors Keywords Affiliations 1995-2020 2004 o014 2020
L TC AVGTE e e ™
Peden AE. Leggat  Epiderniclogy. drowning prevention, children 1 Callege of Public Health, Medical and Veterinary Science, 48 653 136 5
PA., Pearn JH Towmsville i
2 Royat Life Saving Society Australia, Sydney P 2 8
Franklin R.C.. Epidemiology. drewning prevention 1.James Cock University, Tovnsville k1 366 102 .
Leggat P4 public health 2 Royat Life 5z Society Australia, Sydney 2
Scart JP. 3.School of Population Heaith, Faculty of Medicine, i
University of New South Wales. Sydnsy. o o
Rahman AK.M.F, Children, Bangladesh, Epidemiology 1. Centre for Injury Prevention and Research - Bangiadesh, Dhaie 29 345 115 =
Hyder, A, Franklin 1 o
RC »
| o mn
Bennett £, Resuscitation, Rescue. Guidelines 1 Division Emergency Medicine, Ssattie Children's Hospital, 28 870 311 »
Cummings P. Seattle, Washington “1
Bierens J.J.LM 2 Pediatrics, University of Washington School of Mecicine, 1 ) 3 11
Seattle, Washington o
Rahman A Bangladesh, Resuscitation, Rural 1. Centre for Injury Prevention and Research - Bangladesh, Dhaka 25 480 155 n
Mashreky SR g o -
Linnan M. N
L o NN EN
Arifeen S.E., Alonge  Bangladesh, LMIC, Children 1.Jokins Hopking International Injury Research Unit, 19 403 212 N
QO., Rahman A KM.F. Johin Hopking Bloomberg School of Public Health, Baltimore 1
1 ) 9
[ 1 o .
Jagnoor J., Bangladesh, Children, Qualitative Research 1. George Institute for Global Heaith, Syciney 16 as 52 N
iﬂhm:ﬂ A, 2. School of Popuiation Heaith, Faculty of Medicine, i 3
upta University of New South Wales, Sydney =)
Y e v I
Ivers R, Bangladesh, India, Qualitative Research 1. The George ite for Global Health, Syoney 16 76 48 ”
Rahman A, Gupta The George Lte for Global Health, india, New Deihi ) 14
2 School of Py Health and Cormmunity Medicine, -
University South Wales, Sydney o 2 HE
QuanL. Szpilman  Resuscitation, Guidelines, Utstein 1. Maatschappil tot Redding van Drenkelinger: (Soclety to Rescue People 14 832 59.4 |
D., Branche C.M from Drowning, Est. 1767], Amsterdarm
2 Research Group Emergency and Disaster Medicine, 4 5 7 5
Departrent of Emergency Medicine, University of Brussels, Brussels J —-—
Morgan D., Environmental exposure, bathing beaches, child 1 injury Prevention Unit, Departiert of Forensic Medicine, Monash 14 361 258 “
Triggs T. University, Metbourne N
Chang S5 P
] y o v Z
Franklin R.C, Peden Epidemiology, alcohol, drowning prevention 1 College of Pubiic Health, Medicat and Veterinaiy Science, 14 209 149 g
AE., Willcox- James Cook University, Townsvilie ]
Pidgeon SM N 11
L — 3
Brenner E, Lunetta  Alcohol, immersion, Finland 1.Johns Hopkins School of Public Health, Baltimare, 13 523 402 ;
P, Sajantila A Liberty Mutual Center for Safety Research, Hopiinton, -
y 2 5
Sherker S, Beach Safety, 1 Scheol of Biologica), Earth and Environmental Sciences, 13 258 198 N
McCarroll R, Rip Currents, University of New South Wales, Sydney N
Hatfield J Tourist Safety 10
1 o S mm
Quan L, Cummins  Swimming, policy, drowning prevention 1. External Affsirs Department, Seattle Children’s Hospital, Seattle 13 186 143 N
P.Ebel BE o
4 4 5
—
Hyder A A, Baqui Bangladesh, Child health. LMIC 1 Materniat and Child Health Division, International Centre for 12 382 318 N
AH. Alenge Q. Diarrheal Diseases Research, Dhaks “
1 3 ’ 2

Figure 5. Key authors by total publications, total citations, average citations, countries, affiliations, keywords and co-authors,
1995-2020.

3.8. Co-Author Clusters

The existence of links between authors across the study periods is shown in Figure 6.
Author clusters for the period 1995-2005 show research centred around Smith G.S., Langely
J.D. and Quan L. in the United States; Arifeen S.E. in Bangladesh; and Mitchell R.J. in
Australia. Throughout 2005-2014, the Bangladesh cluster expanded to include Hyder A.A.
and linked to a second cluster around Rahman A.K.M.F. The Quan cluster expanded to
include Bierens J.J.L.M. and Moran K. In Australia, Brander R.W. linked with Mitchell
RJ., and a separate cluster emerged around Franklin R.C. Throughout 2015-2020, clusters
expanded rapidly. Research in Bangladesh added authors and research collaborations,
including those centred around Rahman A., Alonge O. and Jagnoor J. The Franklin R.C.
cluster in Australia expanded to include Peden A.E. and linked to Brander R.W., Hamilton
K., and Watt K. Another Australian cluster linked to Crawford G. and Nimmo L. emerged.
A cluster emerged in China, and another cluster emerged around Spanish- and Portuguese-
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speaking authors Szpilman D. and Abelairas-Gomez C. The visualisation for the period
1995-2020 shows the interconnectedness of the three periods (Figure 6).

kohen d.e.
g’lesb@wcht &8 “ buzzacott p.
kannus p. blitvich j.d.
michelet p.
button c.
roberts s.e. - N
mohi.IUﬂadi i - bra'n“;réw' claesson a.
- nixonjw. mitchellrj.  campe.a.
pearn j.h. - o
fra n!&L nr.c.
tru a.c. IEM X\ adekaya n.
scarr q hamilton k.
ith g. T)-P- pedena.e.
| aa .S* willcox p@emm -
u = .m. 2
: b. queiroga a.c. brooks c.j.
kool b.
A4
den hertog p.
hong |. van ni%:kerk a.
f costas-veiga j.
lippmann . leg k. abelairas-gémez c.
nimmo |.
) ! crawford g.
turgut a. lincoln j.m. o
- winkler b.e. irwin c.c.
liuz.
tipten m. , ;
T jaremin b. .
fVOSviewer
1995-20
- w%’.‘ = Sppipen |
" . ot ranmang me. B . s
ol o <% = e
e -f-o'u‘ morrongilio ba.
e, s i el
wia ol s =
5 ad.
langlg]d.
3= = oV
- X P -
3 = e J waply
L e e gl & =~ =
Ao Horgarer i " — o Em:; parwogd
howgnd .
1995-04 2005-14 2015-20

Figure 6. Visualisation of author clusters, 1995-2020 and across three periods of 1995-2004, 2005-2014 and 2015-2020.
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4. Discussion

Growth in publications, countries, authors and co-authorships provides measures of
the development of a field. The results show a 100-fold increase in drowning publications
since 1995. This growth is well short of that shown in bibliometric analyses conducted
in the fields of disaster resilience and climate change resilience, where publications grew
265-fold and 254-fold, respectively, between 1991-2019 [13].

The Global Burden of Disease 2017 study attributed more than 51.0% of drowning
mortality to China, Bangladesh, India and Pakistan; however, only 11.1% of all drowning
research publications are representative of authors from these populations [2]. Authors
from the United States and Australia are responsible for 39.0% of drowning research publi-
cations, and these countries have made significant investments in capacity for drowning
research, as well as systems for injury surveillance.

4.1. Growth in 1995-2004

Temporal analysis identified that the 1995-2004 period was characterised by research
by authors from countries classified as high income (HIC) by the World Bank, as 63.0% of
papers originated in the United States (43.8%), Australia (11.9%) and the United Kingdom
(6.0%). Much of that research focused on national representative data [16], the epidemiology
of child drowning [17,18], preventing backyard pool immersions through fencing [19],
swimming and water safety lessons [20] and the role of alcohol in drowning [21].

During this period, research emerged from Bangladesh, laying a foundation for a
growing focus on drowning in LMICs, including a verbal autopsy study that found drown-
ing was the leading cause of death in children 14 years (18.9%) [5]. In 2000 WHO estimated
that 449,000 people drowned worldwide (7.4 per 100,000 population), and 97.0% of the
burden occurred in LMICs [22]. This corresponded to debate [23] and the development of
a new medical definition stating that drowning ‘is the process of experiencing respiratory
impairment from submersion/immersion in liquid” in the latter part of the decade [7,23].

4.2. Growth in 2005-2014

Drowning research increased 100-fold in the 2005-2014 period. This growth included
methodological advancements in the reporting of drowning burden in LMICs, including
Bangladesh, China, India, Thailand, South Africa and Brazil. Research themes in HICs grew
around boating, watercraft and lifejackets; water safety; drowning risk in migrants; and
lifeguard surveillance. A key study explored the association between swimming lessons
and drowning prevention [24].

During this period, a WHO and United Nations International Children’s Emergency
Fund (UNICEF) report on child injury identified large gaps in evidence for interventions
in LMICs [8]. A Bangladesh study outlined the effectiveness and cost-effectiveness of a
program implementing swimming and water safety lessons alongside daycare in rural
settings [25]. The WHO published its first Global Report on Drowning, which highlighted
the need for community-based interventions, effective policy and legislation and further
research [1]. The study found that 40% of literature has been published since 2014. The
degree to which the report has influenced the drowning prevention field and research
agendas needs further investigation.

4.3. Growth in 2015-2020

The period 2015-2020 saw phenomenal growth (41.8%) in drowning research pub-
lications. Countries represented grew from nine in 1995 to 79. Epidemiological studies
were published mapping national burden [26], drowning in children [27,28], inland water-
ways [29] and scuba diving [30]. Further studies focused on rescue by lifeguards [31,32],
bystanders [33] and drones [34]. This period saw advancement in donor support for LMIC
research, including large-scale trials in Bangladesh, and qualitative studies anchoring
drowning research to context and sustainability in Bangladesh, India and Vietnam.
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Research on nonfatal drowning escalated in response to the lived experiences of
families impacted by drowning, availability of hospital data and growing policy inertia
as fatal child drowning was reduced in HICs such as Australia [35]. Nonfatal drowning
research in LMICs found a disproportionate incidence in children [36]. The lack of robust
methodologies highlighted the need for a standardised classification system for nonfatal
drowning that can be used across diverse contexts. Future strengthening of health systems
in LMICs could mean a potential shift of drowning burden from fatal to nonfatal outcomes
of morbidity and disability.

4.4. Implications for Future Research

There is an increase in research mapping intersections with key public health and
development issues such as disaster risk reduction [37]; transport [38]; and water, sanitation
and hygiene [39]. However, these exploratory studies need to be supported with empirical
data to inform changes in practice.

There is mounting recognition of the role of social, political and environmental de-
terminants of health and a need to document interlinkages between health determinants,
drowning risk and the co-benefits of drowning interventions in progressing in partnership
with the United Nations Sustainable Development Agenda [40]. For example, the inter-
section of drowning and flooding is evident in a key study that found that drowning was
the cause of 44% of flood-related deaths in Asia [41]. These studies call for investments
in disaster risk reduction, including in infrastructure, warning systems and community
resilience. The degree to which these measures prevent drowning needs investigation.

The trend analysis highlights challenges in the sustainability of drowning research
and program implementation in LMICs. These observed relationships between funding
and research output reinforce the need to leverage large-scale program investment to areas
of policy setting, sectoral cohesion and the political determinants of drowning prevention.
Drowning policy analysis is somewhat embedded in the HIC context with little space in
peer-reviewed literature; however, there is a dearth of policy analysis in the LMIC context.
Calls for multisectoral approaches and improvements in legislation and laws will facilitate
the implementation of water safety policies and plans [1,42].

This study has identified key research themes through keyword, author and co-author
analysis. These patterns have the potential to inform future research, although a more
detailed analysis of research content and gaps in evidence is required. Author and co-
authorship analysis points to the role that researchers play in identifying research gaps,
mentoring other researchers and partnering to develop the field. Further analysis of
academic disciplines, including mapping future methodological needs, may advance the
field in partnership with sectors and stakeholders, including those not currently engaged
in drowning prevention.

As is evident from this analysis, equitable research in LMICs, prevention and im-
plementation research is growing, although it requires greater investment. Much of the
research reflects partnerships with lifesaving and drowning prevention nongovernment
organisations; growth in investments in academic pathways, including PhD programs on
drowning; and changes in donor interest. Many growth periods correspond to key events
such as the World Congress on Drowning in 2002, the World Conference on Drowning
Prevention in 2011 [43] and the release of the Global Report on Drowning in 2014. The
degree to which such partnerships and events contribute to research agendas and growth
of the field requires further investigation.

The search may have missed publications distally linked to drowning but not explicitly
containing drowning in the title, keywords or abstract. The inclusion of only peer-reviewed
articles from indexed journals minimises the potential influence of prominent grey litera-
ture. This study is limited to publications in English, which is a weakness as a search in
other languages will identify further publications, key themes and authors. Publication
and citation numbers may be an imperfect measure of author productivity. In focusing
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References

on citations and index references as a proxy for influence, citation analysis does tend to
prioritise older contributions that have had more time to accumulate citations.

5. Conclusions

This study investigates research on drowning published between 1995 and 2020
through biometric analysis, identifying tremendous growth in research over that period,
notably from LMICs. The study reinforces temporal trends in drowning research and shows
how themes have been established and built upon since 1995. Multilateral organisations,
including the WHO and UNICEEF, pivoted to research in child drowning in LMICs. The
critical role of the 2014 WHO Global Report on Drowning is evident, as 40% of the literature
has been published subsequent to it.

The study shows key research themes, authors and publications. The need for further
in-depth understanding of research gaps is reinforced, particularly as it relates to address-
ing drowning in key populations at risk, interventions aligned to the WHO's 10 actions
to prevent drowning and issues that progress drowning advocacy and positioning in
development contexts.

Nongovernment organisations that have a core mandate to prevent drowning through
lifesaving, rescue, education and advocacy have played a critical role in evidence gener-
ation. Further analysis of relevant sectors and stakeholders and their roles and required
partnerships to escalate policy prioritisation is needed.

The study findings may assist researchers, policymakers and advocates in planning
and initiating research partnerships with those currently engaged in drowning prevention
and provide information on the potential intersections with those sectors that are not.
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