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ABSTRACT
Objective  The WHO estimates the global incidence of 
death by drowning to be about 300 000 cases per year. 
The objective of this study was to estimate the trend in 
mortality due to drowning in all provinces of Iran in all 
age groups and both genders from 1990 to 2015.
Study design  The National and Subnational Burden of 
Diseases (NASBOD) project is a comprehensive project 
in Iran. It is based on the Global Burden of Disease study 
and includes novel methods to estimate the burden of 
diseases in Iran.
Methods  This study used the results of the mortality 
rate due to drowning as part of NASBOD and 
investigated the causes behind the mortality rates. The 
data set recorded mortality rates by 19 age groups and 
two genders with the corresponding subnational pattern 
during the time period from 1990 to 2015.
Results  The drowning mortality rate decreased in Iran 
from 1990 to 2015. From 1990 to 2015, the annual 
percentage change for males and females was −5.28% 
and −10.73%, respectively. There were 56 184 male 
and 21 589 female fatalities during the study period. The 
highest number of deaths was seen in 1993 with 4459, 
and the lowest number of fatalities was observed in 
2015 with 903 deaths.
Conclusion  Our data showed a decline in drowning 
mortality in Iran from 1990 to 2015, but the rates and 
declines varied by province. Our findings are of great 
importance to health officials and authorities in order to 
further reduce the burden of drowning.

INTRODUCTION
Drowning is a preventable cause of morbidity 
and mortality. The WHO has estimated in 2017 
that about 300 000 people lose their lives due to 
drowning.1 Hereafter, deaths caused by drowning 
are stated as drowning mortality or drowning 
deaths. Nearly half of the deaths due to drowning 
occurred among those who were aged less than 25 
years.2

According to the Global Burden of Disease 
(GBD) report, in 2010 drowning was the 12th 
cause of death in Central and Eastern Asia.3 Efforts 
to prevent deaths due to drowning in low-income 
and middle-income countries (LMICs) have been 
ineffective, and models for drowning prevention 
in high-income countries did not have a significant 
impact in LMICs.4 According to the 2017 GBD 
report, the number of drowning death in Iran in 
2017 is 1043.73 (1006.51–1110.13). Deaths due to 

drowning ranked 10th in males and 25th in females 
in terms of the number of deaths due to any cause.5 
Drowning is the third cause of death due to non-in-
tentional injury and accounts for 7% of all injury-re-
lated deaths in Iran.6 Despite prevention campaigns 
at the non-governmental level which mainly focus 
on cultural improvements, drowning continues to 
result in substantial morbidity and mortality.7

Despite the high rates of death, relatively few 
epidemiological studies have examined drowning in 
Iran.8–10 Iran requires studies of drowning because 
it has many types of water settings aside from swim-
ming pools, such as the Caspian Sea, Persian Gulf, 
Sea of Oman, and numerous rivers and dams. At the 
subnational level, there are similarities geographi-
cally and culturally between Iran and other coun-
tries in the Middle East to the end that basically 
they share common seas and rivers for swimming, 
and actions regarding prevention of drowning in 
Iran provinces could be applicable to Iraq, Turkey, 
Azerbaijan and other countries in the region. 
Also, Iran as an upper-middle-income country has 
different ecological pattern among its provinces, 
and by analysing the drowning pattern in its prov-
inces one can estimate the risk of drowning in coun-
tries with similar ecological, religion or economical 
patterns to Iran. There are many challenges with 
regard to gathering data on drowning in Iran. For 
instance, because of the social stigma of suicide in 
the rural areas of Iran, it is not easy to differentiate 
intentional and unintentional drowning. Another 
challenge that previous studies have faced is the 
differentiation in reporting of near drowning since 
the near drowning incidence could present valuable 
lessons for reduction of drowning deaths.11 Also, 
there are no detailed data regarding the place of 
drowning, such as drowning in bathtubs for chil-
dren less than 5 years of age and specifically under 
1 year of age. The objective of this study was to 
estimate the trends of mortality due to drowning in 
all provinces of Iran in all age groups and in both 
genders from 1990 to 2015.

METHODS
The National and Subnational Burden of Diseases 
(NASBOD) is a comprehensive project in Iran 
modified from the GBD12 study which includes 
novel methods to estimate the burden of diseases in 
Iran.6 13 A significant part of this project measures 
incompleteness and misclassification in the Death 
Registration System (DRS).14 In this study, we used 
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Figure 1  Time trend of age-standardised mortality rate due to 
drowning by sex at the national level. The highest mortality rate in 
females was in 1990 and in males was in 1995. The lowest rate was 
recorded in 2015 in both sexes.

the results on death due to drowning as part of NASBOD to 
investigate the rates of death. The data set recorded mortality 
rates by 19 age groups and two genders for 31 provinces (subna-
tional) during the time period from 1990 to 2015.15

Completeness in DRS for child mortality ranged from 42.7% 
in 1990 to 85.9% in 2015, and for the adults ranged from 80.9% 
in 1990 to 100% in 2015. To deal with the incompleteness and 
misclassification of DRS, we used various methods to estimate the 
levels and trends of mortality rate. These methods are described 
in detail elsewhere.15 16 In the first step, the crude mortality rates 
from data sources, including Demographic and Health Survey in 
2000, census in 1996, 2006 and 2011, and DRS data between 
1995 and 2010, were used. Using the demographic methods on 
the above-mentioned data and unifying with a Gaussian process 
regression model, the level and trend of mortality rates were 
measured.17 In this Bayesian model, a spatiotemporal model is 
employed as its mean function and its uncertainty defined with 
sampling and non-sampling hyperparameters over time.17 There 
are some differences between the calculation of child and adult 
mortality rates, the details of which are described in Moham-
madi et al.16 By measuring the completeness of DRS for child 
and adult mortality, we extrapolated all-age mortality by each 
age–gender–year–province combination.

To estimate the rate of death due to drowning in the Iranian 
population from 1990 to 2015 at national and subnational 
levels, by 19 categories of age and gender, causes of death codes 
based on the International Classification of Diseases 10th version 
(ICD-10) were mapped to GBD 2013 codes in order to compare 
with the GBD results. In this regard, ICD-10 codes V90, V90.0, 
V90.01–V90.9, V92–V92.9, W65–W70.9 and W73–W74.9 
were considered as drowning.18

Information on 3 645 608 individuals from DRS data and 
Esfahan and Tehran cemeteries was used. All cemeteries 
around the country were registered in national DRS except 
Tehran and Esfahan cemeteries (Behesht-e-Zahra and Bagh-e-
Rezvan, respectively). A number of problems such as adminis-
tration inconsistency, duplicate information, misclassification, 
missing values and incompleteness existed in the data, each of 
which was handled appropriately. Missing data were dealt with 
using multiple imputations. We mapped our results to GBD 
codes using a proportional redistribution method by applying 
a Poisson regression model to all-cause mortality rates. The 
incompleteness of DRS gathered from using predicted levels 
and trends of mortality between 1990 and 2015 for children 
and adults16 was used to rescale the various-cause mortality 
rates. A two-stage model consisting of a generalised linear 
mixed model and a spatiotemporal model was applied to the 
data. The spatiotemporal model considered variations of time 
and space, in addition to covariates such as wealth index, years 
of schooling and urbanisation. Components of year and prov-
ince led to considering the correlation between consecutive 
years and neighbouring provinces to influence death rates. 
Finally, cause fractions were applied to all combinations of 
the level and trend of mortality rates, and the 95% uncer-
tainty intervals (95% UI) of cause-specific mortality rates were 
calculated using simulation, the details of which are provided 
elsewhere.17

We calculated age-specific and gender-specific mortality rates 
for each age group and gender in 31 provinces. It is noteworthy 
to mention that provincial estimates were calculated based 
on the place of residence and not the place of drowning. The 
national population of Iran in 2015 was used to compute the 
age-standardised mortality rate by direct method at national and 
subnational levels from 1990 to 2015.

RESULTS
There were 56 184 male and 21 589 female fatalities during the 
study period. The highest number of deaths was in 1993 with 
4459, and the lowest number of fatalities was in 2015 with 903 
deaths. The national age-standardised highest mortality rates 
due to drowning per 100 000 in females and males were 5.2 
(95% UI: 3.5–7.6) and 7.5 (5.2–10.9), respectively, in 1990. 
Conversely, the lowest levels were 0.3 (0.2–0.4) and 1.9 (1.4–
2.7) in females and males, respectively, in 2015. The mortality 
rate was always higher among males. From 1990 to 1995, the 
mortality rate seemed to have an uptrend in males, but after that 
it faced a downtrend in both genders until 2015 (figure 1).

The highest subnational age-standardised drowning mortality 
rate for females was in Qazvin Province in 1990 and the lowest 
was in Mazandaran Province in 2015. The highest subnational 
age-standardised drowning mortality rate for males was in 
North Khorasan Province in 1995 and the lowest was in Qom 
Province in 2015 (online supplementary appendix). In general, 
mortality rate decreased in males and females at the national 
level during this period, with an annual percentage change 
(APC) of death of −5.3 and −10.7, respectively (table  1). 
There were 56 184 male and 21 589 female fatalities during the 
study period. The highest number of deaths was in 1993 with 
4459, and the lowest number of fatalities was in 2015 with 
903 deaths.

The highest number of deaths occurred in males between 15 
and 49 years old during the period of 1990–2015. In females, 
the greatest number of deaths was in children less than 5 years 
old (figure 2). The annual mortality rate of drowning was higher 
in males compared with females up to the age of 60 in 1990, and 
again became higher in males after the age of 80. Between the 
ages of 60 and 79 years, the drowning rate was higher in females 
until 2015 (figure 3).

At the subnational level, the largest decline in male mortality 
was in Zanjan with an APC of −16.8% and the largest decline 
for females was in Qom with −9.2%. The smallest decline 
was observed in Hormozgan in both males and females with 
an APC of −1.4% and −6.7%, respectively. In 2015, in the 
centre of Iran, the provinces of Semnan, Isfahan and Yazd had 
a low age-standardised death rate per 100 000 for both genders. 
In 2015, the western part of Iran had a greater than 1.97 per 
100 000 age-standardised death rate (figure 4).
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Figure 2  Number of mortality due to drowning at the national level from 1990 to 2015 by age. The maximum height of each age group presents 
the highest mortality rate per 100 000 among the provincial rates on that year, and the lowest height in each age group presents the lowest mortality 
rate per 100 000 among the provincial rates.

Figure 3  Comparison of mortality rate from drowning between 1990 
and 2015 in different age groups of both sexes. The red bars present 
the mortality rate per 100 000 in females, and the blue bars present the 
mortality rate per 100 000 in males. The left end of bars presents the 
mortality rate in 1990 and the right end presents the mortality rate in 
2015. The vertical axis shows the age groups, which start with less than 
1 year and end over 85 years of age.

DISCUSSION
This study demonstrates a decline in drowning deaths over a 
26-year period up to 2015 at the national level. Our results 
were consistent with the GBD study (figure  5) on drowning 
mortality rates from 1990 to 2016.12 Some events that resulted 
in drowning of Iranians have caused wide media coverage, and 
as a result the Iranian Parliament had discussions regarding those 
incidents, but apart from legislating that swimming pools should 
earn a standard quality control certificate from Iran National 
Standards Organization there is no other documented law that 
could be found.19

Regarding changes in bodies of water during this study, 
Zayandehrood River, the largest river in central Iran, dried out 
specifically at the lower reaches of the river, and this has an 
effect on the number of drowning deaths mainly in Esfahan. A 
definite point in time cannot be associated with drought of this 
river.20 Urmia Lake (located in West Azerbaijan), the largest 
lake in the north-west of Iran, also dried out during the study 
period, which also has an effect on drowning deaths in this 
province.21

According to Iran Legal Medicine (the organisation for 
forensic medicine), from 2013 to 2017, 3716 deaths occurred 
due to drowning.22 About one-third (1010 deaths) of this 
number occurred in rivers, the site with the greatest incidence 
of drowning deaths in Iran. In Iran, most rivers do not have 
warning signs surrounding them that warn people to avoid swim-
ming in these waters. Furthermore, due to increasing financial 
problems, many children do not have the benefit of swimming 
in private pools. This has led to swimming in rivers as an activity 
during leisure time. Ardebil, a province with one of the largest 
reductions in APC, has implemented warning signs with the help 
of the Water Organization of Ardebil on the banks of rivers, 
dams and water channels of the province from 2005. They also 
conduct lifeguard courses for Red Crescent Movement forces at 
the subnational level. (All lifeguard courses in Iran are conducted 
by Iran Swimming Federation, so Red Crescent forces are not 
official lifeguards and they gain skills for emergency situations.) 
With warning signs like this and lifeguard training courses, a 
12.52 and 7.22 reduction in the APC of drowning deaths from 
1990 to 2015 was achieved in females and males, respectively. 
After rivers, seas, with 690 deaths, have the second most number 
of deaths due to drowning.22 23

Mazandaran, Gilan and Khuzestan are the provinces with the 
most access to seawaters. The Swimming Federation will now 
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Figure 4  Geographical distribution of age-standardised mortality rate due to drowning by sex in 1990 and 2015.

Figure 5  Global Burden of Disease report on drowning mortality rate 
in both sexes from 1990 to 2016.

certify lifeguards in Iran after passing an exam. This exam was 
upgraded so that a lifeguard will have more skills.

Pools, with 582 deaths due to drowning, had the third most 
number of deaths from 2013 to 2017. Swimming in the water 
behind dams was the fourth leading cause of death due to 
drowning in Iran from 2013 to 2017.22

Swimming in the water behind dams is common in Iran, 
and the government has started to raise awareness on public 

television regarding the risk associated with doing so. Zanjan has 
the highest number of dams in Iran and has the second highest 
APC reduction in drowning deaths among males from 1990 
to 2015. This is likely due to protecting the dams with fences 
so that swimming in dams could not happen as much as they 
did before. Fences have been reviewed in previous studies as a 
passive and yet effective method for drowning reduction.24

From 2013 to 2017, 123 deaths occurred due to drowning 
in water wells, with farmers at particular risk. The number of 
wells has fallen because of the period of drought Iran has been 
experiencing. In Qom, a province with a nearly equal APC in 
drowning deaths in both females and males, there is little access 
to water except for the public swimming pool, and the main 
reason for the reduction in the number of deaths was employing 
certified lifeguards.9 As mentioned before, in spite of campaigns 
for drowning prevention, success was limited. The reason for 
failure is that these campaigns are mainly at the non-govern-
mental level so they cannot have as much resource and impact 
as governmental actions. These campaigns are mainly focused 
on cultural changes and raising awareness and often they are not 
well funded. Before the conduct of this study, even a clear report 
in Iran was not accessible, and the statistics on drowning were 
either provided by WHO or some reports by Iran Forensic Orga-
nization. The main challenge for data collection in this study was 
the missing data on the place of death in hospital and forensic 
medical reports. Data regarding place of death were referenced 
sometimes from other studies, and it is important to mention 
that a few studies, and to be more exact only 12 studies, exam-
ined drowning in Iran and they are mainly conducted in north 
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What is already known on the subject

►► Few studies in Iran and neighbouring countries regarding 
drowning have been conducted and most of these studies 
have focused on mortality rate in locations near the sea.

►► Methods used for gathering data on mortality rate in Iran 
are not precise enough and inconsistencies in other middle-
income countries in reporting symptoms have been found.

►► Mortality due to drowning is still a prominent cause of death 
in middle-income countries.

►► Children are at most risk and therefore the burden on the 
society is significant.

What this study adds

►► Even middle-income countries have not conducted many 
studies to find pitfalls in order to improve mortality rate due 
to drowning.

►► Data provided in this study and how these are presented 
could prompt other studies of this kind.

►► Iran has similar geographical and cultural features compared 
with many of its neighbouring countries such as Iraq, 
Afghanistan, Azerbaijan and Turkey.

►► The data this paper provided could be of help to these 
countries and to other countries with similar geographical 
features to Iran; the countries mentioned in the study have 
access to similar rivers and seas.

►► The method for gathering data is designed to cover the 
pitfalls of previous methods.

►► Missing or misleading data have been reported in studies 
that report on mortality rates in other middle-income 
countries.

of Iran. All in all, documentation in Iran is not a standard and 
common procedure, and the methods mentioned in the Methods 
section of this paper were used to cover these missing data. With 
more detailed data set, this study could have better conclusions, 
and as a result of the data set that we currently have this study 
only made assumptions.

To verify the accuracy of this study, a comparison with 
previous studies in Iran was conducted. A population-based 
study in Mazandaran analysed data from 2002 to 2006. During 
the course of the Mazandaran study, the mean drowning rate 
was 7.6 per 100 000 population-years, while in our study in the 
same province in 2000 the drowning rate was 9.2 per 100 000 
population-years and in 2005 the rate was 5.6 per 100 000 popu-
lation-years.10 There were 47 victims of drowning in a study 
regarding children drowning in Iran. Their results presented 
the rate reported for mortality due to drowning in children 
according to the Ministry of Health and Medical Education in 
Iran in 2001, which ranged from 4.1 per 100 000 in a coastal 
province to 0.9 per 100 000 in a province with no or little access 
to the sea or lake.8 25 Consistent with the current study, studies 
reporting mortalities in males and females from drowning 
reported more male deaths than female deaths.26 27 This could be 
due to several factors; in Iranian culture, men are more likely to 
swim, and tend to have more risky behaviours such as swimming 
alone, boating or drinking prior to swimming. The higher rate 
of mortality in children aged less than 5 years old may be due to 
a lapse in supervision. It is mentioned in other studies in LMICs 
that the most number of deaths in this age group happened in 
bathtubs.28

A major difference between our study and the previous studies 
is the use of the place of residence in this study compared with 
the place of drowning in the previous ones. This may explain 
some of the difference in patterns we report here. Moreover, 
in our study, the higher rates in certain areas may be because 
the dead person did not live in an area with access to water for 
swimming and hence is at a higher risk when attempting swim-
ming in other areas. To clarify, in Iran, swimming lessons are 
not mandatory for every school student so the main way that 
people learn to swim is based on where they live. For instance 
if they live near the sea, such as in Mazandaran and Gilan, the 
culture urges them to learn swimming at an early age, while if 
they live in Qom with no access to water the chance that they 
learn swimming is slimmer. As a result, when individuals travel 
to Mazandaran to swim in the Caspian Sea, they are considered 
amateur swimmers, and if they drowned in the Caspian Sea it is 
not necessarily due to safety but rather lack of swimming educa-
tion in their own province. This was mentioned as a challenge in 
previous studies in Iran.9

Although the period of the current study is slightly different 
from that of the Mazandaran study, data are otherwise compa-
rable. This study used registry data that are checked for errors 
and accuracy, while the Mazandaran study used autopsy reports 
and paper death certificates.25 From 1990 to 2015 paper records 
had been used as the source of data collection, while in this 
study the registry has gathered data from multiple sources and 
has undergone a thorough standardisation process and trans-
formed into electronic format. The large variation in mortality 
between the provinces in Iran is informative. Indeed, examining 
the drivers of higher mortality rates and the best performing 
province in terms of declining mortality will enable health offi-
cials and others to develop and implement measures to reduce 
drowning in countries with similar ecological patterns.

Studies regarding drowning mortality in upper-middle-in-
come countries focused on children rather than middle-aged and 

senior adults. This is mainly because of the cost-effectiveness of 
reducing mortality in children. Based on figure 3 of this study, 
although Turkey has many cultural and income similarities to 
Iran, the drowning mortality among under 5 years of age in Iran 
is considerably higher than in Turkey.29 A different study suggests 
that this significantly lower mortality rate in Turkey may be due 
to systems of death data capture in Turkey; that is, data are 
captured only in selected administrative units, so completeness 
of death registration is high but the coverage is poor.3 29

Bangladesh as a lower-middle-income country has published 
a considerable number of detailed and precise reports on its 
drowning mortality. Drowning rates in Bangladesh are signifi-
cantly higher than Iran especially in children under 5 years of 
age. The mortality rate in children under 1 year of age is 9.0 
(1.6–36.4) per 100 000 per year, while in children between 1 and 
4 years the drowning mortality rate is 121.5 (100.3–147.0) per 
100 000 per year.30 But we should consider that the amount of 
rainfall in Bangladesh is more than other middle-income coun-
tries; for example, the literature reports the mean rainfall amount 
in Bangladesh ranges from 1527 mm in the west to 4197 mm in 
the north-east,31 while the mean amount of rainfall in Iran varies 
from 64.1 mm in Yazd to 344 mm in Shiraz.32 Another poten-
tially relevant difference is the long coastline of Bangladesh, 
which is about 720 km long along the continental shelf, and also 
the high percentage (80%) of the rural population.31

Precise recording of deaths due to mortality and published reports 
based on age, gender and jobs, and more importantly recording the 
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changes between mortality rates in different years in Bangladesh, 
provide the opportunity for multiple programmes to access the effi-
cacy of their programmes on deaths due to drowning specifically 
in children. The result of those studies supported new methods for 
reducing drowning, and this study could also be used in a similar 
way to studies in Bangladesh.30 33–35

Limitations
This study has some limitations. First, we used the place of resi-
dence rather than the place of the drowning incident in our study. 
Second, our data were collected by different operators at national 
and provincial levels, which may lead to some variation in coding. 
Data collected in paper form was transformed into electronic form. 
While doing so, the operator check the data entered for the purpose 
of quality and completeness. The data collected does not include 
underlying medical conditions such as ischemic heart disease, 
cardiac arrhythmias, and seizures. These conditions are known as 
risk factors for drowning. Finally, the data imputed during analysis 
phase.

CONCLUSION
This study revealed a decrease in drowning mortality in Iran 
but at different levels by province. Our findings are of great 
importance to health officials and authorities in order to reduce 
the burden of drowning in middle-income countries. Indeed, 
learning the drivers of the differences by province would inform 
programmes, and sharing of successful programmes or initiatives 
to middle-income countries might reduce this burden especially 
among young children and males.
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