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Abstract

Background Drowning is an important public health problem. Some evidence suggests that the risk of drowning
is not distributed evenly across the general population. However, there has been comparatively little research

on inequalities in drowning mortality. To address this deficit, this study examined trends and sociodemographic
inequalities in mortality from unintentional drowning in the Baltic countries and Finland in 2000-2015.

Methods Data for Estonia, Latvia and Lithuania came from longitudinal mortality follow-up studies of population
censuses in 2000/2001 and 2011, while corresponding data for Finland were obtained from the longitudinal register-
based population data file of Statistics Finland. Deaths from drowning (ICD-10 codes W65-W74) were obtained from
national mortality registries. Information was also obtained on socioeconomic status (educational level) and urban-
rural residence. Age-standardised mortality rates (ASMRs) per 100 000 person years and mortality rate ratios were
calculated for adults aged 30-74 years old. Poisson regression analysis was performed to assess the independent
effects of sex, urban-rural residence and education on drowning mortality.

Results Drowning ASMRs were significantly higher in the Baltic countries than in Finland but declined by nearly 30%
in all countries across the study period. There were large inequalities by sex, urban-rural residence and educational
level in all countries during 2000-2015. Men, rural residents and low educated individuals had substantially higher
drowning ASMRs compared to their counterparts. Absolute and relative inequalities were significantly larger in the
Baltic countries than in Finland. Absolute inequalities in drowning mortality declined in all countries across the study
period except between urban and rural residents in Finland. Changes in relative inequalities were more variable
during 2000-2015.

Conclusion Despite a sharp reduction in deaths from drowning in the Baltic countries and Finland in 2000-2015,
drowning mortality was still high in these countries at the end of the study period with a substantially larger risk
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of death seen among men, rural residents and low educated individuals. A concerted effort to prevent drowning
mortality among those most at risk may reduce drownings considerably in the general population.

Keywords Alcohol, Death, Drowning, Education, Inequality, Urban-rural

Introduction

Drowning, which has been defined as “the process of
experiencing respiratory impairment from submersion/
immersion in liquid” is a serious public health threat [1].
In 2019 it was estimated that 236 000 people died world-
wide as a result of drowning, with these deaths compris-
ing 7% of all injury-related deaths [2]. There has been
a sharp reduction in drowning deaths in recent years,
with data from the Global Burden of Disease 2017 Study
showing that unintentional drowning mortality fell by
over 40% globally between 1990 and 2017 but with incon-
sistencies observed across countries [3]. However, it has
been suggested that global mortality statistics may vastly
underestimate the public health burden related to drown-
ing due to the way drowning deaths are categorised [2]. In
addition to its public health impact, the economic burden
of drowning is also considerable. It has been estimated
that the annual cost of coastal drownings is in excess of
$273 million in the United States [4], while a recent study
from Australia estimated that the average yearly cost of
unintentional fatal drownings was 1.24 billion Australian
dollars in the period from 2002 to 2017 [5].

Research suggests that the risk of drowning is not dis-
tributed evenly across the general population. In particu-
lar, a large body of evidence has emerged that males are
more likely to drown than females [2, 6—8], which may
be related to a range of factors including a greater pro-
pensity to engage in risk-taking behaviours such as swim-
ming in natural bodies of water and consuming alcohol
while swimming [9]. Similarly, there are also geographi-
cal differences in drowning. Studies from high-income
countries [10, 11] have indicated that rurality is associ-
ated with higher mortality from unintentional drown-
ing, which in Europe, has been linked to the proximity
of natural bodies of water, poorer access to emergency
services, and poverty [12]. The latter ties in with other
research which has highlighted that there are socioeco-
nomic differences in drowning mortality. For example,
in Europe, research has indicated an increased mortality
risk from unintentional drowning among deprived peo-
ple [12], while a study from Denmark found that having
a lower social position (i.e. as indicated by being outside
the labour market) was also linked to a higher mortality
rate from drowning [13].

Against this backdrop the aim of the current study is
to examine trends and sociodemographic inequalities
in mortality from unintentional drowning in the Bal-
tic countries (Estonia, Latvia, Lithuania) and Finland in
2000-2015. There are several factors motivating this

research. First, although there is some evidence that
unintentional drowning deaths may have fallen sharply
in the Baltic countries in recent years [14], even at the
end of our study period (2016) these countries con-
tinued to have comparatively high drowning mortality
rates — occupying three of the top four positions in the
European Union (EU) in terms of the standardised num-
ber of deaths per 100 000 residents, while Finland also
ranked well above the EU average [15]. Second, although
research has been previously undertaken on drowning
in Finland [16-18], as yet, there has been a lack of sys-
tematic research on this topic in the Baltic countries.
This is an important omission given these countries’
high drowning mortality rates and the recent call to bet-
ter quantify the drowning burden in Europe including its
context [19]. In particular, little is known about urban-
rural differences in drowning mortality in these coun-
tries even though a recent study found that there were
significant differences in urban-rural all-cause mortal-
ity across these four countries [20]. Third, to the best of
our knowledge there has been an absence of research on
socioeconomic inequalities in drowning mortality in the
Baltic countries and little research on this phenomenon
in other European countries more generally. As earlier
research linked low education to an elevated drown-
ing mortality risk in Canada [21], while recent studies
have reported educational inequalities in several causes
of death in the Baltic countries and Finland [22-26], it
is possible that socioeconomic differences might also
play a role in drowning mortality in this setting. Finally,
little evidence on changes in inequalities in drowning
mortality exists. Thus, it is not clear whether the recent
declines in overall drowning mortality observed in many
high-income countries are accompanied by increasing or
declining inequalities.

Thus, this study has several components. First, we will
assess trends in overall drowning mortality in the Baltic
countries and Finland in the period 2000-2015. Then we
will evaluate trends in drowning mortality by sex, urban-
rural residence and educational level and how these
changes affected both absolute and relative inequalities in
drowning mortality across the study period.

Methods

Data

Data for Estonia, Latvia and Lithuania were obtained
from longitudinal mortality follow-up studies of popu-
lation censuses in 2000 (2001 in Lithuania) and 2011
involving all permanent residents. The censuses in the
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Baltic countries combined traditional survey-based enu-
meration (the share of coverage ranged from 91% in Lat-
via to 98% in Estonia) and register-based enumeration
[27]. The register-based data did not include information
about socioeconomic status and were therefore excluded
from the analysis. All individuals were followed from
the census date until the date of death or emigration, or
until the end of the follow-up period. The date and cause
of death were linked from national mortality registries.
All data linkages were performed by national statistical
offices. Corresponding data for Finland were obtained
from the longitudinal register-based population data file
of Statistics Finland covering the total population. For
this study data were organised into two sub-periods:
2000-2007 and 2008-2015. To ensure that a complete
educational history was obtained and to achieve opti-
mal accuracy of cause of death ascertainment, this study
focuses on those aged 30—74 years. Population exposures
were estimated by adding up the number of person years
lived by individuals within each 5-year interval age group
in a given period. Deaths were allocated to age intervals
according to age at death. Data were anonymised and
aggregated into multidimensional frequency tables com-
bining deaths and population exposures split by study
period and sociodemographic variables before they were
released for research purposes.

Measures

Deaths from drowning were classified as W65-W74
(accidental drowning and submersion) using the 10th
revision of the International Classification of Diseases
(ICD-10). Sociodemographic data are census-based and
were harmonised following the common study protocol.
Socioeconomic status was assessed using data on edu-
cational level, which was categorised using the Inter-
national Standard Classification of Education (ISCED)
2011 [28]. Low education refers to primary and lower
secondary education (ISCED categories 0-2), middle
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education includes upper secondary and post-secondary
non-tertiary education (categories 3—4), and high educa-
tion covers tertiary education (categories 5-8). Urban-
rural residence was defined using national administrative
classifications. In the Baltic countries, settlements with
more than 2000 inhabitants (3000 in Lithuania) are con-
sidered urban. In Finland, an urban settlement is defined
as a cluster of dwellings with at least 200 inhabitants per
250% 250 square metres. Study subjects with missing val-
ues comprised less than 1% of all subjects and these cases
were excluded from the analysis.

Statistical analysis

To assess the trends and inequalities in mortality from
drowning, age-standardised mortality rates (ASMRs)
per 100 000 person years and mortality rate ratios (RR)
together with 95% confidence intervals (CI) were cal-
culated using the European Standard Population [29].
Additionally, multivariate Poisson regression was applied
to assess the independent effect of sex, urban-rural
residence and education on mortality from drown-
ing. Adjusted mortality rate ratios were calculated for
both periods. Statistical analyses were performed using
STATA 14.2 (Stata Corp., College Station, Texas, USA).

Results

This study included 7098 deaths from drowning and
approximately 104 million person years (Table 1). The
percentage of urban residents was higher in Finland com-
pared to the Baltic countries. In all countries, the propor-
tion of urban and rural residents remained approximately
the same over the study period. In 2000-2015, the share
of higher educated individuals increased in all coun-
tries but was substantially lower in rural areas (data not
shown). In 2000-2007, drowning ASMRs per 100 000
person years were much higher in the Baltic countries
(ranging from 7.7 in Estonia to 12.7 in Lithuania) than

Table 1 Characteristics of the study populations, age-standardised mortality rate per 100 000 person years and mortality rate ratios for

drownings in 2000-2015 in the 30-74 age group, total population

Country Period Deaths Person Educational level Urban ASMR (95% CI) RR (95% ClI)
N years High Middle  Low population
N % % % %

Finland 2000-2007 864 23,431,363 29.1 377 332 83.0 36(3.3-3.8) 1

2008-2015 673 24,074,431 326 423 25.1 843 25(23-27) 0.70 (0.63-0.78)
Estonia 2000-2007 439 5,679,250 307 46.9 224 64.9 7.7 (7.0-85) 1

2008-2015 317 5,767,086 345 48.7 16.8 64.7 54 (4.8-6.0) 0.70 (0.60-0.81)
Latvia 2000-2007 1100 9,062,656 17.5 587 238 684 123(11.6-13.1) 1

2008-2015 775 8,781,861 226 61.2 16.1 68.3 8.8(8.2-94) 0.71 (0.65-0.78)
Lithuania 2001-2007 1617 12,854,909 179 59.8 223 684 12.7(120-133) 1

2008-2015 1313 14,140,553 223 60.9 169 69.0 9.2 (8.7-98) 0.73 (0.68-0.79)

The follow up in the 1st period started from the census date in the Baltic countries, i.e. 31.03.2000 in Estonia, 1.03.2000 in Latvia, and 6.04.2001 in Lithuania; in 2008
the follow up started on January 1; the follow up ended on December 31 in respective periods

ASMR, age-standardised mortality rate per 100 000 person years; Cl, confidence interval; RR, mortality rate ratio between two periods
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in Finland (3.6). Between 2000-2007 and 2008-2015,
ASMRSs declined by nearly 30% in all countries.

Trends and inequalities in drowning mortality by sex,
urban-rural residence and educational level are pre-
sented in Table 2. In 2000-2007, ASMRs were consider-
ably larger among men than women; mortality rate ratios
ranged from 5.3 in Finland to 6.6 in Estonia. Between
2000-2007 and 2008-2015, in Finland and Estonia the
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mortality decline was larger among men in both abso-
lute and relative terms resulting in smaller absolute and
relative inequalities. In Latvia and Lithuania, the relative
decline was larger among women resulting in increasing
rate ratios, although absolute inequalities also declined.
Living in rural areas was associated with an increased
risk for drowning in the Baltic countries but not in Fin-
land in 2000-2007; mortality rate ratios ranged from 1.6

Table 2 Age-standardised mortality rate per 100 000 person years and mortality rate ratios for drownings in 2000-2015 in the 30-74

age group
ASMR (95% Cl) RR (95% Cl)
2000-2007 2008-2015 Change (%) 2000-2007 2008-2015
Finland Women 1.1(09-13) 0.9 (0.8-1.1) -0.2(-19.3) 1 1
Men 6.1 (5.6-6.5) 4.1 (3.8-4.5) -1.9(-32.0) 532 (4.44-642) 451 (3.70-5.52)
diff 4.9 32
Urban 3.5(3.3-3.8) 24 (2.2-2.6) -1.1(-31.9) 1 1
Rural 3.8(3.3-4.5) 3.0(2.5-3.6) -0.8 (-21.1) 1.09 (0.91-1.30) 1.26 (1.03-1.54)
diff 0.3 0.6
High education 27 (2.2-3.1) 1.8 (1.5-2.1) -0.8(-31.3) 1 1
Middle education 3.8(34-4.2) 2.6(23-29) -1.2(-32.1) 142 (1.16-1.75) 141 (1.15-1.74)
Low education 5.1 (4.6-5.8) 3.7 (3.2-4.3) -14(-27.4) 1.94 (1.58-2.39) 2.05 (1.64-2.57)
diff 2.5 1.9
Estonia Women 22(1.7-2.8) 2.1(1.6-2.6) -0.1 (-6.4) 1 1
Men 14.6 (13.1-16.2) 9.3 (8.2-10.6) -5.3(-36.1) 6.62 (5.11-8.70) 452 (3.44-6.01)
diff 12.4 7.3
Urban 6.3 (5.5-7.2) 44(3.7-5.1) -2.0(-30.8) 1 1
Rural 10.3(89-11.8) 7.2 (6.1-8.5) -3.1(-29.8) 1.62 (1.34-1.97) 1.65(1.31-2.07)
diff 39 2.8
High education 25(1.8-33) 29(2.2-3.8) 04 (16.9) 1 1
Middle education 8.0 (7.0-9.2) 5.8 (4.9-6.7) -23(-28.1) 3.24(232-4.61) 1.99 (1.46-2.74)
Low education 16.0(13.3-19.1) 10.6 (83-134) -54(-335) 645 (4.52-9.35) 3.67 (2.55-5.28)
diff 13.5 7.7
Latvia Women 40 (3.5-4.6) 22(1.8-2.7) -1.8 (-44.8) 1 1
Men 22.5(21.1-24.1) 16.7 (15.5-18.1) -5.8(-25.8) 5.63 (4.82-6.61) 7.57 (6.18-9.35)
diff 18.5 14.5
Urban 9.8 (9.0-10.6) 6.8 (6.2-7.5) -3.0(-30.3) 1 1
Rural 17.8 (16.2-19.4) 129(11.6-14.3) -49(-27.3) 1.81 (1.60-2.05) 1.89(1.63-2.18)
diff 80 6.1
High education 52 (4.1-64) 38(3.0-4.7) -14(-27.3) 1 1
Middle education 11.6 (10.7-12.5) 8.7 (7.9-9.5) -29(-254) 2.24(1.78-2.86) 2.30(1.80-2.97)
Low education 22.5(19.9-253) 19.0 (16.2-22.1) -3.5(-157) 4.35(3.38-5.63) 5.05(3.82-6.72)
diff 17.3 15.2
Lithuania Women 4.1 (3.6-4.6) 2.7 (2.3-3.1) -1.4(-34.1) 1 1
Men 22.8(21.6-24.8) 16.9(15.9-17.9) -59(-25.9) 5.60 (4.92-6.38) 6.28 (541-7.30)
diff 18.7 14.2
Urban 8.8 (8.2-9.5) 6.6 (6.1-7.1) -23(-25.6) 1 1
Rural 21.2(19.7-22.7) 153 (14.1-16.5) -59(-27.9) 240 (2.17-2.65) 2.32(2.08-2.60)
diff 12.3 87
High education 5.6 (4.6-6.6) 44 (3.7-5.2) -1.2(-214) 1 1
Middle education 11.5(10.7-12.3) 8.8(82-94) -2.7 (-23.5) 2.06(1.71-2.51) 2.01(1.68-243)
Low education 26.2 (23.5-29.2) 20.6 (18.2-23.1) -5.7 (-21.7) 4.73 (3.84-5.86) 472 (3.83-5.83)

diff

20.7

16.2

ASMR, age-standardised mortality rate per 100 000 person years; Cl, confidence interval; RR, mortality rate ratio; diff, difference in ASMRs (for education between

the lowest and highest level)
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in Estonia to 2.4 in Lithuania. However, a slightly larger
mortality decline among urban residents in Finland
between 2000-2007 and 2008-2015 led to increased
inequalities in drowning mortality in the country. In
Lithuania, the larger absolute and relative decline among
rural residents resulted in diminishing absolute and
relative inequalities. In Estonia and Latvia, the absolute
decline was larger among rural residents but the relative
change was more favourable for urban residents lead-
ing to a reduction in absolute inequalities and a small
increase in relative inequalities.

Mortality rate ratios comparing low and high educated
individuals were over two times larger in the Baltic coun-
tries than in Finland and ranged from 4.4 in Latvia to 6.5
in Estonia in 2000-2007. Notably, ASMRs among the
high educated in Latvia and Lithuania were higher than
the ASMR among the low educated in Finland. From
2000-2007 to 2008-2015, ASMRs declined in all educa-
tional groups excepting the high educated in Estonia. In
all countries, the absolute decline was larger among the

Table 3 Adjusted mortality rate ratios for drownings in 2000-
2015 in the 30-74 age group

RR (95% ClI)
2000-2007 2008-2015

Finland Women 1 1

Men 5.22 (436-6.25) 4.25(3.51-5.14)

Urban 1 1

Rural 0.96 (0.81-1.14) 1.16 (0.96-1.40)

High education 1 1

Middle education  1.53 (1.26-1.86) 1.31 (1.07-1.60)

Low education 1.75(1.44-2.12) 1.57 (1.27-1.93)
Estonia Women 1 1

Men 5.79 (4.48-7.48) 3.88(2.97-5.06)

Urban 1 1

Rural 1.21(0.99-1.47) 1.34(1.07-1.69)

High education 1 1

Middle education  2.85 (2.05-3.96) 1.71(1.27-231)

Low education 442 (3.13-6.25) 2.37(1.69-3.34)
Latvia Women 1 1

Men 5.20 (4.46-6.06) 6.46 (5.31-7.87)

Urban 1 1

Rural 147 (1.30-1.66) 1.54(1.33-1.78)

High education 1 1

Middle education  1.96 (1.56-2.47) 1.85(1.45-2.36)

Low education 2.80(2.19-3.57) 2.90 (2.22-3.80)
Lithuania ~ Women 1 1

Men 5.07 (446-5.75) 5.50 (4.75-6.36)

Urban 1 1

Rural 1.94 (1.75-2.14) 1.86 (1.67-2.08)

High education 1 1

Middle education  1.80 (1.49-2.18) 1.66 (1.38-1.99)

Low education 2.84(2.32-3.48) 2.74(2.24-3.36)

RR, mortality rate ratio adjusted for age, sex, place of residence and educational

level

Page 5 of 9

low educated resulting in smaller absolute inequalities.
The relative decline was larger among the high educated
in Finland and Latvia, among the low educated in Esto-
nia and was about the same in all educational groups in
Lithuania. As a result, relative inequalities increased in
Finland and Latvia, decreased in Estonia and remained
the same in Lithuania in 2008-2015.

Mutual adjustment for age, sex, urban-rural residence
and educational level resulted in strongly attenuated
mortality rate ratios in both periods (Table 3). Although
large and statistically significant inequalities in drown-
ing mortality persisted between men and women, and
between educational groups in all countries, the mutual
adjustment led to decreased educational inequalities in
2008-2015 in Finland. Urban-rural differences in drown-
ing mortality remained statistically significant in the Bal-
tic countries but not in Finland in 2008-2015.

Discussion

Overall drowning ASMRs were about two to three
times higher in the Baltic countries than in Finland but
declined by nearly 30% in all countries between 2000—
2007 and 2008-2015. Large inequalities by sex, urban-
rural residence and educational level were observed in all
countries in both periods. Men, rural residents and low
educated individuals had substantially higher ASMRs
for drowning compared to their counterparts, excepting
Finland where the RR between urban and rural residents
was statistically insignificant in 2000-2007. Both abso-
lute and relative inequalities were substantially larger in
the Baltic countries than in Finland. Absolute inequalities
in drowning mortality declined between 2000—-2007 and
2008-2015 in all countries except between urban and
rural residents in Finland. Relative inequalities declined
(or remained the same) between men and women in
Estonia and Finland, between the low and high edu-
cated in Estonia and Lithuania, and between urban and
rural residents in Lithuania, and increased in all other
instances.

In EU comparisons all of the countries studied here
rank well above average in terms of drowning mortality
[15]. Our study further highlights that drowning mortal-
ity rates are comparatively very high in our study coun-
tries and confirms that drowning mortality is higher in
the Baltic countries than Finland. Similarly, our find-
ing that drowning mortality declined by approximately
one-third in our study countries during 2000-2015
also accords with other research which has shown that
drowning mortality rates have reduced globally in recent
years — including in the Baltic countries and Finland [3,
14]. It is uncertain what underlies these changes but it
has been suggested more generally that factors such as
increased investment in water safety and changing social
norms might be playing a role [3]. It is also possible that
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specfic measures within our study countries have helped
reduce drowning ASMRs. For example, in Finland there
are a variety of drowning prevention strategies in opera-
tion including community education awareness pro-
grammes, installing safety barriers and teaching public
rescue skills [30]. Although there is some evidence that
initatives have also taken place more recently in the Bal-
tic countries — such as informing the general public of
safe swimming places [31] — these prevention efforts
have been insufficient [32] as drowning mortality in the
Baltic countries continues to be high [15].

Men, those living in rural areas and people with a low
education were more likely to die from drowning. Our
study suggests that eductional level may play an impor-
tant role in explaining the urban-rural difference in mor-
tality from drowning. It is also possible that the same
factors might be important for the observed differences
across these examined exposures, in particular, alcohol.
There is a large body of research evidence that alcohol
consumption is an important factor in drowning deaths
[33, 34] and this is also the case in our study countries.
Research from Estonia showed for example, that 42% of
drowning deaths involved some level of intoxication in
2015 [35], while an earlier study from Finland revealed
that in the 2000-2009 period 50.6-62.0% of persons
who drowned were under the influence of alcohol [36].
An autopsy-based study conducted in Lithuania in
2003-2005 showed the exceptionally large role of alco-
hol —70% of females and 77% of males who drowned
had consumed alcohol with the blood alcohol concen-
tration (BAC) exceeding 2.5%o in 58% of drowning cases
[37]. Importantly, post-mortem toxicological analyses of
drowning cases performed at the University of Helsinki
in 2000-2009 showed that the male-to-female rate ratio
in alcohol positive (BAC =50 mg/dL) cases was 7.3:1 [38],
which in part, may help explain the sex gap in drowning
mortality observed across our study countries where the
proportion of high risk drinkers is much greater in men
than women [39]. Alcohol might also play a role in the
rural-urban disparity in drowning mortality. Although
some research has indicated that there are few differ-
ences in the levels of urban-rural alcohol consumption in
these countries [40] or that alcohol consumption is lower
in rural women [41], other research has reported that
rural residents not only drink alcohol more frequently
than their urban counterparts, but they also drink it in
larger amounts [42]. Heavier drinking may be a particu-
larly significant driver of drowning mortality. Finally, an
earlier study in Estonia indicated that an educational gra-
dient may have existed in risky drinking during our study
period as heavy episodic drinking was significantly higher
in men and women with a lower education [43]. Recent
research which found an inverse educational gradient in
alcohol-related mortality in these countries during our
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study period [24] also supports the notion that alcohol
might be important for the educational differences we
observed in drowning ASMRs.

The finding that drowning mortality was elevated in
rural areas is in line with previous research from Europe
which has linked rurality to an increased risk of drown-
ing [12] and a study from Lithuania using data from 1988
to 2009, which found that drowning mortality rates were
1.6-2.5 times higher in rural than in urban areas [44]. An
earlier study showed that the vast majority of drowning
deaths in our study countries occur in natural bodies of
water [45] and in this context, it is possible that increased
access to water [46] in conjunction with other factors
such as choosing to swim in places where no other people
are present [47] and reduced access to swimming lessons
in rural areas [10] might also play a role in higher rural
drowning mortality. Indeed, in a 2017 survey in Latvia
64% of respondents stated that they did not know how to
swim or did not feel safe in the water [47].

Our finding that there was an educational gradient in
drowning mortality is in line with a study from Canada
which found that the hazard ratio for drowning was
1.64 in those with no high school education compared
to those with a university education in a fully adjusted
analysis [21]. As yet, there has been little focus on the
role of socioeconomic status in drowning mortality in
our study countries. However, research from other set-
tings has indicated that education might be linked to
drowning in various ways besides differences in risky
alcohol use. For example, a study from Poland found that
(higher) parental education was associated with better
swimming competency in young adults [48], while other
research has also shown that having a private education
in childhood also results in better swimming and water
safety skills [49]. Higher education has also been linked
to lower odds for engaging in health-risk behaviours in
older adults [50] and it is possible that this might extend
to the aquatic environment, although a recent systematic
literature review found that education was not associated
with lifejacket use in children and adults [51].

Absolute inequalities in drowning mortality fell in the
Baltic countries across the study period while the changes
in relative inequalities were more variable. Without more
detailed research within the countries it is difficult to
speculate what underlies these results. As there is some
indication that overall alcohol consumption rose across
the study period in the Baltic countries but remained
more constant in Finland [52] it can be speculated that
alcohol may have played less of a role in these observed
changes. It is possible that these changes are also part of
longer-term trends. For example, research from Finland
has shown that drowning deaths have been falling since
the 1950s [36], during which time education levels have
increased (see Table 1), while the prevalence of being able
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to swim is seemingly much higher in younger compared
to older age groups [53]. More research is thus needed
to determine how longer-term social trends might have
impacted absolute and relative inequalities in drowning
mortality in our study countries.

Strengths and limitations

The main strength of this study is the use of highly com-
parable register-based data with reliable individual-level
information on attained educational level and urbanic-
ity. In addition, since the early 2000s the Baltic countries
have participated in the Nordic collaboration to coordi-
nate coding and classification practices of causes of death
and thus improve the comparability of mortality statistics
in the region [54]. However, the study also has several
limitations that should be considered. First, this study
used data on unintentional drowning and submersion
but did not include information on drowning deaths due
to other causes such as floods and water transport acci-
dents. In addition, we also lacked information on the type
of body of water in which the deceased drowned. Such
information would have helped us to better understand
the phenomenon of drowning in these countries. Second,
the finding that the urban-rural difference in drowning
mortality was considerably lower in Finland compared to
the differences observed in the Baltic countries might in
part, be explained by the fact that urban and rural areas
were defined in a different way in Finland, thus compli-
cating comparisons between the countries. Third, to
ensure the accuracy of the educational attainment data
we limited the age range in this study to 30-74 years old.
However, it should be noted that there is evidence that a
large number of drowning deaths also occur among chil-
dren, younger adults and those in the 75+age group [18]
which should also be a focus for future research. Finally,
the exclusion of register-only-based data in the Baltic
countries could be a potential source of bias yet results
from a supplementary sensitivity analysis we performed
showed that excluding register-only-based data had only
a marginal effect on overall drowning mortality in Lat-
via (see Supplementary Table 1). Although we cannot
exclude the possibility that the effect differed by educa-
tional level or urban-rural residence, we believe that this
bias is unlikely to have had any major effect on our con-
clusions related to drowning mortality and its changes in
Latvia.

Conclusions

This study showed that although there was a sharp fall in
drowning mortality in all studied countries in 2000-2015
there were also noticeable differences with higher over-
all drowning mortality and larger inequalities in drown-
ing mortality observed in the Baltic countries than in
Finland. Moreover, despite the sharp drop in mortality,
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drowning ASMRSs still remained very high in compara-
tive terms at the end of the study period — especially
in the Baltic countries. This suggests that a concerted
effort needs to be made to reduce drowning mortality
in these countries and that further research needs to be
undertaken so that interventions can be targeted at those
most at risk of drowning. For example, measures such as
teaching school-age children swimming and water safety
skills [1] may be essential for reducing drowning deaths
further in the future, especially as many children in these
countries are still not able to swim, while those that can,
sometimes overestimate their own competency in the
water [55]. In addition, given the large role that alcohol
plays in adult drowning deaths in these countries [56]
and also possibly, in inequalities in drowning mortality, a
focus on alcohol in drowning prevention efforts may also
be important in this setting. Finally, this study used data
from 2000 to 2015. Further follow-up studies using more
recent and detailed data are required to understand the
current situation and address the deficits of this study.
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