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ABSTRACT

Background: Drowning in deve oping countries is a major, but often neglected, public health
problem. However, due to a lack of rdiable or staistical data concerning the impact of
drowning in Iran, the need for drowning-prevention measures has not been recognized. The
prevention of drowning requires adequate knowledge of its epidemiologica characteristics and
assodi ated risk factors, and effective interventions.

Aim: Theoverall am of thisthesisisto and yze the magnitude and burden of drowning events,
using both epidemiologica and economic studies, and to evaluate the feasibility of a drowning
intervention packagein northern Iran.

Material and methods. The geographical range of the studies mainly encompassed water-
recregtion areas near the Caspian Sea in northern Iran. The main focus of the studies was on
describing factors associated with drowning among residents and tourists in northern Iran from
2005/6 through to 2008/9. Four studies were undertaken. The incidence of drowning fatalities
in northern Iran was investigated in a cross-sectiona household survey. Age group, gender,
place and date of occurrence, and external causes were assessed (Paper 1). A capture-recapture
analysis was performed to estimate the incidence of drowning using two data registries (Paper
I1). The costs of drowning were assessed on the basis of case studies in northern Iran. The main
cost elements were income, as adjusted by family and years, income impact on the family, and
cost of treatment (Paper 111). A quasi-experimenta design was used to eval uate the feasibility of
an intervention package, including pre- and post-observations, in both an intervention and a
comparison community, in a water-recreation area by the Caspian Seain northern Iran and in a
residential population near the Caspian Sea coastline. Cross-sectional data were collected at
pre-intervention and post-intervention in the study areas (Paper 1V). Data for the four studies
were derived from Iran’s Death Registry System and Forensic Medicine System, national
weekly reports, household surveys, and focus group discussions.

Results: During the first year of investigation, 342 unintentional drowning deeths (4.24 per
100,000 residential population) occurred in the study area. More than one-third of all victims
were under the age of 20, and the male-female risk ratio was 6.4:1 (Paper 1). The capture-
recapture method estimated that the Forensic Medicine System covered 54% of cases, and the
Death Registry System 70% (Paper 11).When additional information was considered, the
estimated economic burden increased dramatically. In fact, the drowning cost of one drowned
victim was equivalent to 17 times the country’s per-capita gross domestic product (Paper I11).
Therisk of death from drowning was observed to be greater during the pre-intervention period
than during the implementation period (OR= 1.15 versus 0.24) in awater-recreation area by the
Caspian Sea in northern Iran. The fatal drowning rate in the studied resident population, in two
provinces, fdl from 4.24 per 100,000 residents a basdine to 3.04 per 100,000 residents at
endiine. Drowning rates for tourists could not be computed since denominator data were
incomplete. The knowledge and practice of drowning prevention in the resident
population increased from 22% at baseline to 35% at endline. Overdl, the all-risk factors
assodiated with drowning incidents declined to a greater extent in the intervention area than in
the control area (Paper 1V).

Conclusions: The intervention package, developed through research, was found to be feasible
in the community considered. However, we need alonger time interval for impact analysis, and
adjustment for seasona variation, to be able fully to evaluate the effectiveness of the
intervention. We aso need to test the package in other, similar communities before we can
recommend spread of the package. Further studies are needed to provide a standard instrument
for drowning prevention.

K eywords. Drowning, prevention, cost, capture-recapture method, evaluation, Iran.
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1 INTRODUCTION

Drowning is a serious public health problem. A recent Global Burden of Disease
(GBD) study reveals global mortality from drowning to be 7% of al injury-related
deaths (WHO, 2010). Drowning affects all age groups, but over half of the global
mortality is among children less than 15 years of age. Overal, the mgjority of all deaths
from drowning (98%) occur in low and middle income countries (Peden et al., 2008).
However, information on the magnitude of and risk factors for drowning in these
countries is lacking. Therefore, policy-makers do not recognize it as a public health
problem in these countries (Rahman et al., 2010; Naghavi, 2004).

In Iran, in 2001, the mortality rate due to drowning was 2.6/100,000 population, with
wide variations (range = 0.9-4.1 per 100,000 population) among Iran’s 30 provinces
(Naghavi, 2002). Reliable information on the incidence and nature of drowning is
generdly unavailable in Iran, due to a lack of accuracy in reporting and the extent of
under-reporting. Therefore, it is important to validate and select adequate data sources
for drowning research, and also calculate the economic burden of drowning on society
as a basis for developing policy making and effective intervention strategies (Soori and
Naghavi, 1999; Akbari et d., 2006).

The studies in the framework of this thesis describe the risk factors associated with the
cases of drowning that took place in northern Iran during the years 2005/6 to 2008/9.
All natural bodies of water were considered. The presence of strong undertow, clip
currents and occasional high-wave action in the Caspian Sea creates hazards for even
the strongest swimmers in this location. It is reasonable to assume that people who
participate in activities on natural bodies of water in northern Iran will be at risk of
drowning.

The various drowning-prevention measures, including pool fencing (Fergusson and
Horwood, 1984), parental education (Coffman, 1991), close supervision by parents or
lifeguards (Lassman, 2002;Avramidis,2009), and cardiopulmonary resuscitation
(American Academy of Pediatrics Committee, 2000), that have been implemented in
high income countries may be applicable to low and middle income countries like Iran.
Parental education and close supervision by parents have already been examined in
rural settings in low and middle income countries, such as Bangladesh and China
(Rahman et d., 2010; Yaet al., 2007).

This thesis presents a drowning prevention program for residents and visitors in
northern Iran, based on the analysis of risk factors and the economic burden imposed
by drowning on society. An evaluation of Iran’s registry systems was also included. At
the final phase, the information obtained was used to design, implement and evaluate a
prevention package on drowning.



2 BACKGROUND

2.1 Drowning as a global injury problem

Injuries due to traffic crashes, drowning, violence, falls and burns are responsible for
9% of al deaths and 16% of all morbidity inthe world (WHO, 2008).

Drowning incidents have been reported since ancient times in many places (Avramidis,
2005). They are an important cause of death in many countries. In 2002, an estimated
376,000 people drowned worldwide, making drowning the third leading cause of
unintentional injury death globally after road traffic injuries and falls. Global Burden of
Disease (GBD) figures underestimate all drowning deaths, since they exclude drowning
in floods (cataclysms), boating and water transport. Also, drowning statistics are based
on hospital records and, if non-hospital records were included, the global rate would be
higher (Connolly, 2008). Further, under-reporting has been identified in the USA,
Australia, and China (Passmore et a., 2007; Ya et.a., 2007). Such under-reporting
means that drowning is one of the leading causes of desth among cases of fatality
where the manner of death remains undetermined in official registry systems (Lunetta
et a., 2003). The vast majority (approximately 98%) of all drowning deaths occur in
low and middle income countries (WHO, 2008). Table 1 shows estimates of drowning
fatalities in different regions, as reported by WHO in 2004. Drowning is the leading
cause of unintentional death in the rural areas of countries like Sri Lanka, China and
Bangladesh (Barsset al., 1998).

Table 1: Numbers of cases and reates of drowning in the WHO regions: estimates for
2004 (WHO, 2008).

Region Totd deaths Rate( per 100,000 popul ation)
Africa LMIC* 62,000 48
Americas. HIC ** 4,000 12
Americas. LMIC* 19,000 35
South-east Asia: LMIC* 100,000 6
Europe: HIC** 4,000 1
Europe: LMIC * 30,000 6.3
Eastern Mediterranean: 2,000 6.4
HIC**

Eastern Mediterranean: 28,000 5.7
LMIC*

Wesern Pacific: HIC ** 7,000 34
Wesern Pacific: MIC* 132,000 8.6
Tota 388,000 6

*  LMIC: Low and Middle Income Countries

** HIC: High Income Countries

Location of drowning and type of body of water in which this type of injury occurs aso
play an important role in injury outcome. For example, in Japan, bathtubs are the major
source of accidental drowning, especially among young children and older adults
(Warneke and Cooper, 1994; Mizutaet d., 1993). By contrast, in developing countries,



drowning events are associated with ponds, rivers and dams (Riley et al., 1996). Other
studies have shown tha unfenced bodies of water, lack of supervision of children,
and lack of awareness of drowning risks on the part of parents are common risk factors
for drowning among young children (Liller et d., 1993).

Social patterning in drowning injury risk is also a complex phenomenon. It often
involves factors like education, occupation, income and sociocultural milieu. For
example, in many recreational activities, such as boating or fishing, participants should
be able to buy or rent the necessary equipment. Level of education is used in many
studies as a proxy for socia background in order to assess socioeconomic differentials
in injury risk. Although the existing data are somewhat controversial, there is evidence
to suggest tha a higher level of parents’ education engenders a higher level of
awareness of the environmenta risks faced by their children. Therefore, one should
always consider the influence that the socioeconomic triangle — education, occupation,
income — exerts on the quality of parental supervision, and hence drowning risk during
childhood (Tiikkaja et a., 2009). Sociocultural milieu is important in explaining post-
traumatic stress symptoms among victims’ families.

2.1.1 Definitions and types of drowning

In the past, the pathophysiology process of drowning was described in terms of
aspiration; cases of drawing liquid into the lungs were referred to as “wet drowning”,
while cases where this did not apply were referred to as “dry drowning”. “Active
drowning” refers to the victim making some kind of motion, while the terms “passive
drowning” and “silent drowning” have been used when the victim is found motionless
in water and no-one has seen the victim enter the water. The term “secondary
drowning” has been used to describe unrelated events, e.g., seizure, cervical spine
injury or heart attack, that result in the victim’s submersion and subsequent drowning
(Modell et a., 1999; Lunetta et d., 2004; Centers for Disease Control and Prevention,
2004). “Immersion is the involuntary entry of a person into a body of water while
submersion occurs if the person comes to lie under the water surface. Therefore,
submersion occurs after aperiod of immersion” (Bierens et d., 1995, p. 40).

However, drowning was finally defined in 2002 by the World Congress of Drowning as
follows “Drowning is the process of experiencing respiratory impairment from
submersion/immersion in liquid. Furthermore, drowning outcomes should be classified
as. desth, morbidity, and no morbidity” (Idris et a., 2003). Drowning events should be
assessed against the outcomes of the injuries incurred. Classification of outcomes can
be into death or survival, and the quality of survival should also be ascertained for
people who experience such events. Only through the use of classification systems and
rigorous evaluation will we be able to identify the effects of prevention measures on the
burden of drowning.

2.1.2 Pathophysiology of drowning

The drowning phenomenon has been divided into different stages by many authors.
The main etiologic for physiological derangements in the drowning process is anoxia,
where the victim’sairway lies below the surface of the liquid; water is introduced into
the back of the oropharynx and larynx, which results in laryngospasm, at which point
the victim is unable to breath gas. This results in oxygen being depleted and carbon



dioxide not being eliminated. The victim then becomes hypercarbic, hypoxemic and
acidotic (Modell et a., 1966). During this time, the victim’s respiratory movements
may become very active, but there is no exchange of air due to the obstruction a the
level of the larynx. When the victim’s arterial oxygen tension drops further,
laryngospasm abates, and the victim actively breathes liquid. As a result of this anoxic
insult, the victim loses consciousness and becomes submerged, and further anoxia
ensues (Miller, 2000; Modell et al., 1976; 1967; Hamagyi and Colebatch, 1961). This
is known as “wet drowning”. In other cases, 10-20%, muscular relaxation does not
occur. The victim remains unconscious and anoxia continues, but the laryngospasm
persists and water does not enter the lungs. This form of submersion injury is known as
“dry drowning”. Also, there are difference in the mechanisms of drowning according to
whether fresh water or salt water is involved (Modell et al., 1976; 1967; Hamagyi and
Colebatch, 1961).

2.2 INJURY PREVENTION STRATEGIES

Different injury prevention strategies can be applied in drowning prevention programs.
First, the public health approach is helpful in determining the magnitude and
characteristics of injuries and in providing analysis of the risk factors that can guide
decision-making throughout the ertire process, i.e., from identifying a problem to
implementing an intervention (Elvik and Vaa, 2004). Another approach involves the
so-caled “3 Es”. It has three components: 1) Enforcement of safety regulaions, 2)
Education and training for at-risk groups, and 3) Engineering (which is sometimes
partnered by Environmental control). The literature assessing the relative importance of
education, enforcement, and engineering on injury prevention programs stresses,
however, that no single approach can in itself be regarded as effective (Carlson-Gielen
and Girasek, 2001; Segui-Gomez and Baker, 2003).

The Haddon matrix provides a compelling framework for better understanding of the
origins of injury. Risk factors can be identified before, during and after events. At the
pre-event phase, all factors that might prevent event occurrence are identified, and then
associated with the countermeasures that might prevent injury from occurring and
reduce its severity if it should occur. Finally, the post-event phase involves all the
activities that might reduce the severity and adversity of outcome of the event after it
has occurred. The model has also generated ten suggested drategies for injury
prevention: diminate, separate, isolate and modify the hazards, supervision, rescue,
repair, warn, train and instruct (Haddon et al., 1964). In Table 2, we apply Haddon’s
framework to the case of drowning in northern Iran.



Table 2: Potential interventions for the prevention of drowning in northern Iran on the
basis of the Haddon model.

Time Focus Intervention

frame

Pre-event | Community Campaign, drowning vigilance
Child Swimming skill, education
Non-protected area bu the Lifeguard service
Caspian Sea . :

Fencing, grill

River, lake

Event Not clear Future study

Post-event | Community, Health system, Red | Resuscitation skills, Drowning
Crescent Society management

Finally, a safety promotion approach can focus on developing optimal quality of life.
This can be defined as “a process tha aims to ensure the presence, and maintain the
conditions, that are necessary to reach and sustain an optimal level of safety”. Safety
promotion also relies on a multiplicity of activities, including regulatory processes,
community-based programming, and ongoing surveillance (Svanstrom et al., 2004,
Mohammeadi et al., 2006).

2.3 DROWNING IN IRAN

Like many other middle income countries, Iran is currently passing through an
epidemiological trangtion, where communicable diseases have begun to decline, but,
on the other hand, non-communicable diseases and other factors are now gppearing as
major causes of deaths (Naghavi, 2002). For the population as a whole, the primary
causes of mortality in Iran are cardiovascular disease, unintentional injury, and cancer.
The most common injury-related deeths in Iran are due to road traffic injury, followed
by burns and falls, but in northern Iran, drowning is the second leading cause of injury-
related death (Naghavi, 2002). There is a lack of statistical data on the impact of
drowning in Iran (Soori and Naghavi, 1999; Akbari et al., 2006).

In Iran, from March 2001 to March 2002 (a period coinciding with the Iranian calendar

year), the mortality rate due to drowning ranged between 0.9 to 4.1 per 100,000
population (average 2.6 per 100,000 population), with wide variations among Iran’s 30
provinces (Naghavi, 2002; 2004). Iran is a vast country, and has different climates.
There is desert in central Iran, and there are mountainous areas in the west and north-
west; the climate varies between arid and semi-arid in the south and the Caspian
climate in the north. Access to the sea and water bodies in the north and south of the
country is greater than in other areas. Therefore, we expected to see the highest incident
rates of drowning in particular areas. Central Iran has the lowest rate of drowning,
which is dueto the desert climate and less exposure in that part of the country.



Figure 1 shows the drowning rate per 100,000 population-year in the whole country by
Iranian calendar year. The highest rate per 100,000 population-year was seen in 2005/6
(3.1 cases per 100,000 population), and the lowest rate in 2002/3 (2.4 cases per 100,000
population). There is no evidence showing why the trend is upwards, but one possible
reason isthat data collection wasimproving during the period in question.
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Figure 1: Trend in average rate of drowning in Iran by year (2001/2-2005/6), from
Naghavi, 2004 andLegal Medicine Organization,2011.

Drowning events in northern Iran are more prevaent in the unprotected areas by the
Caspian Sea, where emergency services are not readily available (Kiakalayeh et d.,
2008). For some victims of fatal drowning events additional underlying medical
problems may contribute to the drowning episodes, particularly among older victims
(Smith et al., 1991). Drowning is a multifaceted and complex event that varies widely
in relation to age and location. It is clear that prevention is the only means to reduce
drowning mortality.

2.4 LITERATURE REVIEW

A literature review was performed by searching MEDLINE, Pub Med, Sport Discus
and Social Sciences Full Text and the Cochrane Database (from 1940-2009/01), with
the am of identifying drowning prevention programs. The key words included were
risk factors for drowning, drowning prevention, drowning and near-drowning. These
terms were searched in all fields of publication (e.g., title, abstract, and key words).
Several websitesrelevant to drowning were searched: the Centers for Disease Control’s
National Center for Injury Prevention and Control, www.cdc.gov/ncipc), Safe Kids
Canada, www.safekidscanada.ca, the World Health Organization, and various
international injury prevention centers. The search identified over 6,500 articles
initially, and 1,700 of these publications were selected on the basis of title screening.
The absgtracts of these 1,700 publications were screened for relevance. The inclusion
criterion was tha the article discussed risk factors or intervention in the field of
drowning. Overal, 39 papers were identified that discussed risk factors associated with
drowning, and 27 that discussed interventions related to drowning prevention. These 66
articleswere reviewed critically using a standard review form. The results of the review
are presented below.
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2.4.1 Risk factors for drowning

2411 Age

A large number of studies have shown different patterns of drowning in accordance
with age. Among the various age groups, children under 5 years of age have the highest
drowning mortality rates worldwide (Li and Baker, 1991; Coffman, 1991; Myntti et al.,
1991; Centers for Disease Control and Prevention, 1990; Weingein and Krienger,
1996). A review by the World Heath Organization indicated that drowning is the
leading cause of child death in many countries in the wesern Pacific and in some
countries in south-east Asia (WHO, 2008). Recent research studies in Asia have also
shown that drowning is the leading cause of injury death among children aged 1-14
years in China and in Bangladesh, and that 20% of all deaths among children aged 1-4
years are due to drowning (WHO, 2008). Other studies have emphasized that locations
of drowning as a risk factor vary by age group; bathtubs and buckets have been the
most common places of drowning for infants, while older children are more likely to
drown in fresh bodies of waters. Children aged 1 to 4 years are most likely to drown in
swimming pools, whereas over the age of 5 years the mod likely sites are natural
freshwaters, such as rivers and lakes (Brenner et al., 2001; Canadian Red Cross
Society, 1994; Centersfor Disease Control and Prevention, 2003).

24.12 Pre-exiging disease

Underlying diseases, such as heart failure among adults and epilepsy among children,
have been reported as contributing factors in relation to drowning (Centers for Disease
Control and Prevention, 2003; Jansson and Ahmed, 2002).

2413 Gender

Males drown more often than females. This is generally attributed to higher exposure to
the aguatic environment and a higher consumption of alcohol (leading to decreased
ability to cope and impaired judgment), and to a disposition among males towards
higher risk-taking activities (Howland et al., 1996). Several studies have documented
that the drowning rate is significantly higher for males than for females (Lifesaving
Society, 2000, 2003; Canadian Red Cross Society, 2002; Ellis and Trent, 1997). Iran
shows a similar pattern regarding the gender of victims (Naghavi, 2004). Although
males are less likely to use a personal flotation device (PFD) (Nykolshyn et al., 2003;
Quan et al., 1998), consuming acohol, falling into a body of water, diving into shallow
water were identified as risk factors for drowning, especially among males aged 15-64
years (WHO, 2004). Inlran, the high-risk group consists of young males, and therefore
prevention activities can be prioritized for that target group.

24.1.4 Snimming ability

One prevention strategy that may be beneficial for persons of all ages and under nearly
all circumstances consists in the promotion of swimming ability, through some form of



swimming instruction. Although data are limited, the available evidence suggests that
many drowning victims are able to swim (Barss, 2000; Waller, 1985; Schmidt, 1999;
Patrick et al., 1979; Hassal, 1989). Recent studies have shown that swimming lessons
do not protect against drowning, especially among children under 4 years of age
(Canadian Pediatric Society, 2003; American Academy of Pediatrics Committee,
2000). That good swimmers are not immune to drowning is shown by the presence of a
subset of swimmers in the drowning statistics every year (Canadian Red Cross Society,
1996). Although non-swimmers or poor swimmers make up a high proportion of the
persons who drown (Spyker, 1985), there is no well-grounded evidence that swimming
skills have arole to play in preventing drowning and near-drowning (Asher et al., 1995;
Brenner, 2005). However, swimming ability is considered as an important factor in
drowning prevention in Iran. The Ministry of Education has started planning for
swimming lessons in elementary schools in some pilot areas.

24.15 Alcohol

The World Health Organization (WHO) states that alcohol consumption prior to
swimming is amajor risk factor for drowning among older children and adults in many
countries (WHO, 2004). One study reported that high temperatures (above 40 °C) in
spas, especially in combination with alcohol consumption, may cause unconsciousness
and, consequently, drowning (Press, 1991). Alcohol is prohibited in Iran under Islamic
Law, except for non-Muslims who can legally consume alcoholic beverages in private.
Therefore, it is hard to consider level of alcohol consumption in an intervention
programin Iran.

24.16 Lackof supervision

When children drown, it is often the result of a lack of supervision or of brief
supervisor distraction. The WHO gtates that a lapse in adult supervision is the largest
contributor to child drowning (WHO, 2004). Parents may find a substitute for sibling
supervision, which is known to be inadequate. One study found that all cases of bathtub
drowning among children less than 5 years of age were associated with supervision by
asibling less than 7 years of age (Jensen et d., 1992). Areas without lifeguards are also
associated with higher drowning rates.

A Center for Disease Control and prevention report states that trained, professional
lifeguards have positively influenced drowning prevention in the USA (Branche et 4.,
2001). Findings from our first study (Kiakalayeh et al., 2008) of drowning prevention
programs supports the view that lack of adequate supervision is strongly associated
with drowning in the study area, especially among pre-school (the youngest) children.

24.1.7 Samming in unprotected areas

The absence of adequate fencing surrounding swimming pools, rivers, lakes, dams,
canals and other waterways is the main contributing factor in drowning (Pearn et a.,
1976). The unprotected areas of the Caspian Sea present smilar drowning risks.



2.4.2 Interventions

While the literature review pointed to many methods for preventing drowning that have
been adopted around the world, the main measures may be broadly divided into:
supervision, environmental design changes, legislation, swimming lessons, and aquatic
safety education. Most of these measures have been implemented in high income
countries. Overdl, 27 papers that discussed interventions related to drowning
prevention were identified.

24.2.1 Adult supervision

Recent studies show that victims supervised by lifeguards have a lower case fatality
rate, particularly where there is congstant, physical proximity in relation to visual or
auditory cues (Lassman, 2002; Morrongiello and House, 2004). In cases of bathtub
drowning during incidents of adult supervision (Fenner, 2000), thereis usually a pattern
of leaving the infant unattended or with another child (such as a sibling). Some
researchers have concluded that adult supervision of public svimming areas may be
associated with injury reduction (Towner et al., 2001; Canadian Pediatric Society,
2003). One gtudy in Iran has shown that lack of adequate supervision by parents is
associated with drowning in rural settings (Naghavi, 2002). Our first study (Kiakalayeh
et a., 2008) also shows that drowning among children is associated with lack of
parental supervision.

24.2.2 Lifeguard supervision

The United States Lifeguards Association (USLA) has reported that more than three-
quarters of deaths by drowning occurred in areas where beaches were unguarded
(Branche et al., 2001). Recent studies in Brazil and Singapore showed the presence of
the lifeguard as being a fundamental factor in the prevention of drowning (Szpilman,
1999; Ong et a., 2003). There is no evidence that lifeguard supervision prevents
drowning in Iran, but this thess suggests that a combination of lifeguards (who are
aquatic experts in drowning prevention using professional equipment) and lifesavers
(who are member of the general public and know how to initiate a rescue even without
professional equipment) may be effective in the prevention of drowning in the study
area

2.4.2.3 Pool fencing

Condtruction of four-sided, sdlf-latching fencing units is one of the most important
factors in preventing swimming pool drowning incidents, especially among children
(Pitt and Balanda, 1991; Thompson and Rivara, 2004; Haddon, 1970). Several
systematic reviews have shown that erecting pool fencing is the best srategy for
reducing the risk of drowning (Ross et a., 2003; Flood and Nutter, 2002; Wintemute,
1992; Inter-WA, 1988; Fergusson and Horwood, 1984; Harborview Injury Prevention
and Research Center, 2004). There has been no examination of fencing around pools,
lakes, canals and other waterways in Iran. However, this thess suggests, based on the
statements of rural residents, that the government should be responsible for fencing in
hazardous environments around lakes, canals and other waterways.



24.2.4 Personal flotation devices (PFDSs)

Although no rigorous study has confirmed the effectiveness of persond flotation
devices (PFDs) in preventing drowning, many studies have effectively estimated the
number of potential lives saved by PFDs (Groff and Ghadiali, 2003; United States
Coast Guard, 2000). A few countries require that bathers wear a PFD while engaged in
boating or recreationd water activities. For example, in the USA and Australia, use of
PFD is mandatory for al children under 13 years of age. The author is of the opinion,
however, that legislation should target all ages and cover all types of bodies of water
(Quanet al., 1998; American Academy of Pediatrics Committee, 2000). The use of life
vests (also known as personal flotation devices, PFDSs, or life jackets) has been found to
reduce childhood drowning when boating or playing by open water reservoirs in
Sweden. Increasing the availability of life vests at water sites was one componernt of a
program that decreased drowning among children (Bergman and Rivara, 1991). PFDs
might be provided for popular swimming areas on the Caspian Sea coastline, on aloan
basis, on ground that this intervention has been successfully implemented in Sweden
for many years (Bergman and Rivara, 1991).

24.25 Certification in cardiopulmonary resuscitation (CPR)

The ability of people atending to drowning victims to perform cardiopulmonary
resuscitation (CPR) has not been rigorously explored in most studies, but much of the
literature refersto mandatory CPR certification in the countries where it has been taken
up (Wintemute and Wright, 1991). The Iranian Red Crescent has sarted planning for
CPR education for young adultsin resident populations around the Caspian Sea

24.26 Smmming lessons

Several recent studies provide evidence that swimming lessons are not an effective
prevention measure for children less than 4 years of age (Canadian Pediatric Society,
2003; American Academy of Pediatrics Committee on Sports Medicine, 2000).

Analysis of the drowning literature demonsirates that there are few population-based
registry studies of drowning incidents or prospective clinical studies of prognostic
factors and the outcomes of drowning, either in Iran or in general. Evaluation of
potential preventive interventions has been limited. After reviewing the body of
literature related to drowning prevention, we concluded that many of the previous
interventions could be considered and adapted for the planning of a new intervention.
In our view, nine works were compatible with and applicable to our own work (see
Table 3).
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Table 3: Potertial interventions appropriate for the study area.

Authors Intervention Findings
strategy
Szpilman, 1999 | Efficacy lifeguard Two lifeguards per 500 m. of beach in
Brazil.
King Decree, Efficacy lifeguard On Greece, ore lifeguard per 600 m. of
1973; Decree beach.
Law, 2000).
Pearn, 1977 Resuscitation Children with afavorable outcome were
4.75 times more likely to have a history of
immediate resuscitation than children with a
poor outcome (95% ClI 3.44-6.06, p =
.0001).
Wintemute, Cardiopulmonary | Mandatory CPR certification in the
1991 resuscitation (CPR) | countries taken up.
Present, 1987 Isolation fencing vs. | Logistic regression showed a non-
three-sided fencing significant negative rel ationship between
(accessfrom house, | isolation fencing and drowning.
or no fencing)
Groff , 2003 Mandatory PFD PFD “wear” legiglaion is the most effective
wear legidation way of increasing PFD use.
Stevenson , 2003 | Pool fencing Fatality rate in the area without alaw was
regulations nearly double therate in the area with alaw
(14.3 vs. 7.7 per 100,000).
Towner, 2001 Increasing PFD use | Significant increasein PFD wear rates.
via education and
socia marketing
Bennett, 1999 | Campaign Life vest use by children on docks and
awareness, change | beaches, or a pools increased from 20%
inownershipand | t029% (p<0.01) and life vest ownership
use of life vests for children increased from 69% to 75%
(p=0.06).

2.5 RATIONALE FOR THE STUDIES

2.5.1 Epidemiology and accuracy of figures

In many settings, due to a lack of convincing data, policy-makers have failed to
recognize the importance of taking necessary measures. Asinterest in and investigation
of drowning events grow, it becomes increasingly important to count and classify these
events S0 that the magnitude of the problem can be quantified. Only through use of
classification systems and rigorous evaluation will we be able to identify the effects of
prevention measures on drowning incidence. Drowning victims have usually been
ascertained as persons who seek medical care or die following their submersion.
However, the life-guarding industry uses rescues as a measure. It may be that rescues
represent the real drowning population since the airways of the recued have been
perceived to be at risk. Because the number of rescues is likely to be much larger than
the number of hospitalized or dead drowning victims, the population of rescues might
provide better statistical opportunities for testing the effectiveness of interventions. The
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real difficulty here is that the number of rescuesis very difficult to ascertain. Defining
and counting the numerator, such as the number of drowning deaths, are not always
straightforward. Counting deaths requires committing to one cause of, or etiologic
mechanism for, each death. For example, if a person drives into ariver and drowns, the
mechanism could be classified as either adrowning or atraffic crash. One way to deal
with this is to use multiple cause-of-desth files. The International Classification of
Diseases, 10" Revision (ICD-10) helps to obtain quality in the determination of causes
(WHO, ICD 10, Version 2010). In most cases, the cause of a drowning deeth is clear.
However, in some cases, the mechanism may not be obvious. Difficulty in classifying
tends to arise in the cases of adults who have pre-existing medical conditions with the
potential to cause sudden death or an atered menta state, and which leave no obvious
sign a autopsy. Some victims have new cardiac arrhythmias from previously
undetected causes. Drowning may be classified by intent, into unintentional versus
intentional, of which the latter includes homicide and suicide. However, the majority of
cases of drowning are unintentional or accidental, and intent may be difficult to
determine. There is just one published data source concerning Iran, which show that
during 2002-2006, the unintentional drowning rate in Mazandran Province (northern
Iran) was 95%, which compares with suicide (4%), homicide (0.3%) and undetermined
(0.6%) (Anary, 2010). Drowning data from most low and middle income countries are
not available, because most cases of drowning occur before medical trestment is
provided. They are much less likely to be reported in hospital-based data systems,
including death registration systems and forensic-medicine registers. Most datistics
undergtate the true burden of drowning, especially in low and middle income countries.
Hospital-based surveillance systems suffer from a number of shortcomings, which
entail that they tend to underestimate the incidence of drowning. Deaths due to
drowning that occur outside the hospital environment will not be covered by such
systems; they also fail to capture injuries that do not receive hospital attention, either
because the injury is not severe enough to warrant medical treatment or because help is
sought elsewhere.

A registry system includes a functional capacity for data collection, anaysis, and
dissemination that is linked to a public health problem. Registry systems based only on
mortality statistics underestimate the frequency of drowning. If under-ascertainment
does not vary over time, such registry systems remain useful for detecting epidemics or
clusters, and for assessing trends over time, and variations in space and between
populations. There is a need, however, to develop registry systems for drowning that do
not underestimate incidence or prevalence. The capture-recapture method has been
shown to be useful in estimating the number of missing cases, and thus the real number
of cases.

In particular, use of capture-recapture methods can provide a clearer picture of
drowning in the Islamic Republic of Iran. Such methods have been used to estimate the
true frequency of cases of injury in a population, both reported and unreported (Wittes
et a., 1974; Hook and Regal, 1992; Hilsenbeck et al., 1992; Tillisekar and Deming,
1949; Ng &t a., 2001; Crowcroft et a,, 2002; Razzak and Luby, 1998).
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2.5.2 Why calculate costs of drowning for families?

When using registry data in cost calculations, there is a lack of contextua information
on family income losses and intangible costs. The direct and indirect costs incurred by
the family of a drowning victim or survivor may be far greater than those of the victim
alone, since the impacts of drowning fatalities or injures on affected families can
include job loss and productivity loss, both of which may have a strong economic
effect. In analyzing the costs of such injuries, direct charges for long-term care,
measures of loss of productivity and death costs, and also other indirect cods, should be
included. However, several cost elements of importance in family income losses during
drowning events have still not been explored. Accordingly, it has been argued that
surveys at the level of the household, as a site of both production and reproduction,
would better capture implications for poverty. In addition, economic data regarding the
overall cost of drowning help to describe the burden of the event, and can be used to
promote interest in prevention programs.

All lranians are €eligible for community-based preventive public health, and limited
curative health services, financed and provided through the country’s primary health
care (PHC) network. During 2005-2007, Iran spent an estimated 4.2 percent of its GDP
on health (Iran; Economist Intelligence Unit, 2008). Accordingly, the costs of drowning
are generally thought to be very important in any analysis of any drowning prevention
program and the formation of drowning policy. In high income countries, it is required
that any appraisal of new drowning-prevention schemes and policies includes
estimation of the costs of drowning. In Iran, on the other hand, rational decisions onthe
allocation of resources to drowning do not take into account ether the explicit costs of
drowning the implicit values of drowning events. Accordingly, a cost-benefit analysis
has not been carried out in Iran. In thisthesis, the current researcher istrying to explore
the specific economic impacts of drowning on victims and the victims’ families in
northern Iran.

2.5.3 Research efficacy and community organization

Rothman and Tropman (1987) presented three models of community organization:
Locality Development, which is process-oriented; Social Planning, which is heavily
task-oriented; and Social Action, which is both task- and process-oriented. All are
based on increasing the problem-solving ability of the community (Cox et al., 1987).
Consideration of sociodemographics in the study area led to the decision to pursue a
Social Action model, as congtituted by the studies in this thesis. This involved the use
of focus group discussions, brainstorming, and interviews.

A conceptua framework, inspired by a policy model developed by Richmond and
Kotelchuck (1983) (see Figure 2) is related to drowning events in northern Iran. The
model shows how drowning prevention programs and public policy and individual
prectice patterns are interconnected. There are three levels to the model: 1) the
knowledge base, here referring to information gathered on drowning prevention around
the Caspian Sea coadiling; 2) social strategy, which contains a set of plans for
transforming the knowledge base into a drowning prevention program, here, for
example, using FGDs, brainstorming and interviews with key informants in the resident
population to construct arevised intervention package for drowning prevention; and 3)
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political will, as measured here, for example, by whether institutional support for the
drowning prevention program was successful. In this study, interviews with key
individuals showed that the program effectively increased the rate of implementation of
prevention strategies and optimized the participation of other organizations engaged in
promoting safety activities, such as loca government, police, and tourism
organizations.

Knowledge Political

Base ~. - Wil

o,

Figure 2: The development of public policy: athree-part health policy model, from
Richmond and Kotelchuck (1983).
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3 AIMS AND OBJECTIVES

3.1 OVERALL AIMS

The overall aims of this thesis are to analyze the magnitude and burden of drowning
events, and to evauate the feasibility of a drowning intervention package in northern
Iran.

3.2 SPECIFIC OBJECTIVES

» To review data from injury registry systems and household surveys addressing
drowning desths in all age groups in northern Iran in order to identify factors associated
with desths to both residents and visitors (Paper 1).

» To analyze records of drowning deaths from two injury surveillance systems to obtain
areliable estimate of the drowning mortality rate in the study area (Paper I1).

» To caculate the economic costs of drowning in Guilan Province, located in the
northern part of Iran (Paper 111).

 To evaluate the feasibility of an intervention package for drowning prevention in
northern Iran (Paper 1V).
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4 MATERIAL AND METHODS

4.1 STUDY AREA AND POPULATION

Iran is a middle income country, which had a GDP of $3,920 in 2007/8 (IMF World
Economic Outlook Database, 2008). The adult literacy rate is 48%, and 11% of the
total labor force is unemployed. The population pyramid has changed due to a rapidly
decreasing death rate, generating a younger population age structure as the gap between
the number of deaths and births has widened. The country has 30 provinces and 336
districts. Iran currently has a population density of 39 inhabitants per k. Population
density in northern Iran (105 inhabitants per km?) is significantly higher than the
average for the whole country (SCI, 2010). Near the Caspian Sea, there are two
provinces, called Guilan and Mazandran. The population of both provinces was about
4.5 million at the beginning of the study period; about 53% of the people resided in
urban areas, and 47% were residents of rural areas (SCI, 2010). The provincial areas
around the Caspian Sea are divided into 40 districts. In each district, there is one
protected area for swimming with access to rescue services.

In this thesis, we consider a population-based research program for the prevention of
drowning deaths among residents and tourists in Guilan and Mazandran provinces from
20 March 2005 through to 20 March 2009 (a period coinciding with Iranian calendar
years). The sudy areas were selected after consultati