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Injuries claim over 5 million lives, with more than 90% of those occurring in low- and
middle-income countries (LMICS) [1,2]. Unintentional injuries such as drowning, road traffic
injuries, falls and burns account for 72% of all injury deaths. Drowning, one of the leading
causes of unintentional injuries across the world, accounted for more than 300,000 deaths in
2016 [3]. This collection documents some of the epidemiological findings on the burden of
injuries, both intentional and unintentional, in Bangladesh, in the context of a large, multi-year,
population-based project—Saving of Lives from Drowning (SoLiD).

SoLiD was established with the main objective of evaluating the large-scale effectiveness and
value for money of interventions—créches and playpens—in the reduction of drowning mortality and
morbidity in children less than 5 years of age. The project conducted a baseline census in seven rural
sub-districts of Bangladesh and covered over 1.2 million individuals, in order to collect demographic
and injury-related information. An injury surveillance system was set up to collect injury outcomes on
a quarterly basis for 3 years, and compliance assessments on a monthly basis to test the usability and
acceptability of the interventions.

This collection highlights the epidemiology and risk factors for injuries prevalent in rural
Bangladesh, and showcases the depth of information generated from a large population-based survey.
While the collection provides a snapshot of the burden of injury in a low- and middle-income country
such as Bangladesh, it also highlights the slow progress, via the dearth of available evidence-based
effective interventions, programs and policies present to address this burden.

In Bangladesh, while childhood deaths due to communicable infectious diseases were on a decline
in the past decade, deaths due to injuries in the same age group were increasing. The paper Epidemiology
of Drowning in Bangladesh: An Update shows that children 1 to 5 years of age were 13 to 16 times more
likely to be involved in a drowning (or near-drowning) event than infants or older children. Individuals
from lower socio-economic profiles were at more risk of drowning than their rich counterparts.
Males also sustained more near-drowning events than females.

A similar gender trend is highlighted in the paper on the Pattern of Road Traffic Injuries in Rural
Bangladesh: Burden Estimates and Risk Factors. The authors suggest developing policies and programs to
make pedestrian-friendly road networks and reinforcement of helmet use, given that pedestrians and
two-wheel drivers sustained more than one-third of road traffic injuries.

In contrast, burn injuries and suicides were three to six times more common in females than in
males in the rural population of Bangladesh. In Epidemiology of Burns in Rural Bangladesh: An Update,
the authors also overcame the issue of under-reporting and underestimation of the burden of burn
injuries in a LMIC setting. In The Burden of Suicide in Rural Bangladesh: Magnitude and Risk Factors,
adolescent girls and young married women, aged 15 to 24 years of age, showcased a very specific age
group at a disproportionately high risk.
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Additionally, in Epidemiology of Fall Injury in Rural Bangladesh, elderly people, 65 years of age and
above, were seen to be at highest risk of both fatal and non-fatal fall injuries. The physical, mental and
emotional wellbeing of elderly individuals can be disrupted by a debilitating fall injury and drive
them into greater vulnerability. These papers highlight the need for targeted approaches in the form of
interventions, policy changes and programs to address respective burdens of disease.

The notion of a center-based, early childhood education program may not be entirely new in
Bangladesh, but there is a lack of research on the cognitive benefits of such an approach in LMICs.
In high-income countries, it has been shown that early childhood education has both short term
and long-term benefits for children exposed to it. The paper Developmental Assessments during Injury
Research: Is Enrollment of Very Young Children in Creches Associated with Better Scores? showed that being
enrolled in a creche intervention had a positive dose-response relationship on fine and gross motor
skills, personal-social and problem-solving skills for children 1-5 years of age. This reiterated the
importance of engaging young children in formal age-appropriate education systems.

The authors of Caregiver Supervision Practices and Risk of Childhood Unintentional Injury Mortality
in Bangladesh, used a large population-level dataset to suggest that adult caregiver supervision
significantly reduced the risk of drowning deaths for children under 5 years of age. This notion of adult
supervision needs to be effectively communicated amongst communities in LMICs, mainly because
injuries are still conceived of as unforeseeable “accidents” that cannot be prevented. Additionally,
with injuries comes a high risk of sustaining a long-term disability, along with loss of productivity
and other economic costs. First aid, by a formal medical provider, can improve the odds of faster
recovery for an individual with injuries. However, informal providers are readily available in LMICs
such as Bangladesh. Thus, authors of the paper Impact of First Aid on Treatment Outcomes for Non-Fatal
Injuries in Rural Bangladesh: Findings from an Injury and Demographic Census, suggest that public health
interventions should be designed to train and improve first aid skills for informal providers.

It is important to consider the economic ramifications of injuries and associated disabilities,
because the majority one-income households in rural Bangladesh undergo financial distress in dealing
with the aftermath of fatal and non-fatal injuries. In the paper, Care-Seeking Patterns and Direct Economic
Burden of Injuries in Bangladesh, the authors tested the relationship between care-seeking behavior of
injured households and financial distress, and suggested that enforcing occupational safety regulations,
worksite inspections, home safety inspections and such promotions, should help alleviate the economic
distress caused by injury.

This collection of papers, therefore, provides a base for new channels of future research.
These scholars have shown correlations between injury and age, sex and wealth. Additionally,
they focus on demonstrating the link between various types of interventions—be it childcare centers,
playpens, or first aid training—and injury prevention. What needs further study is why certain
correlations exist and the how specific interventions work. To address these deficiencies, future studies
must be of longer duration to include the eventual impact and include qualitative measurements of
behavior to trace links between risks and actual injury prevention. The group involved in these papers
is now working to address this gap in incidence. When researchers have a better handle on causal
links, they can also look at antecedents, such as cultural and social norms, that influence behavior,
all questions that need to be addressed to reduce the millions of deaths caused by injuries around
the world.
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Abstract: Over one-quarter of deaths among 1-4 year-olds in Bangladesh were due to drowning
in 2003, and the proportion increased to 42% in 2011. This study describes the current burden
and risk factors for drowning across all demographics in rural Bangladesh. A household survey
was carried out in 51 union parishads of rural Bangladesh between June and November 2013,
covering 1.17 million individuals. Information on fatal and nonfatal drowning events was collected
by face-to-face interviews using a structured questionnaire. Fatal and non-fatal drowning rates were
15.8/100,000/year and 318.4/100,000/6 months, respectively, for all age groups. The highest rates
of fatal (121.5/100,000/year) and non-fatal (3057.7/100,000/6 months) drowning were observed
among children 1 to 4 years of age. These children had higher rates of fatal (13 times) and non-fatal
drowning (16 times) compared with infants. Males had slightly higher rates of both fatal and non-fatal
drowning. Individuals with no education had 3 times higher rates of non-fatal drowning compared
with those with high school or higher education. Non-fatal drowning rates increased significantly
with decrease in socio-economic status (SES) quintiles, from the highest to the lowest. Drowning is a
major public health issue in Bangladesh, and is now a major threat to child survival.

Keywords: drowning rate; fatal; non-fatal; rural areas; risk-factors; Bangladesh

1. Introduction

The World Health Organization (WHO) estimated that 372,000 deaths occurred from drowning
in 2012, which has made it the world’s third leading unintentional injury killer [1]. Over half of all
drowning deaths occur among those under 25 years of age. Ninety-one percent of drowning deaths
across all ages occur in low- and middle-income countries (LMICs) [2]. Fatal drowning rates among
children in LMICs are 6 times higher than that of high-income countries (HICs), and several studies
suggest that children aged 1-4 years are at the highest risk [3-8].

The Bangladesh Health and Injury Survey (BHIS) conducted in 2003-2004 revealed that drowning
was the leading cause of deaths in children 1-17 years of age (28.6 per 100,000 children-years),
and children 14 years-old were at highest risk (86.3 per 100,000 children-years) of drowning. The study
also showed that the proportion of all deaths due to drowning among 1-4 year-olds was 26.0% in 2005;
by 2011 this had increased to 42.0% [9,10].

Int. J. Environ. Res. Public Health 2017, 14, 488 4 www.mdpi.com/journal/ijerph
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In the HICs, drowning often occurs in recreational swimming pools [11-13], whereas in LMICs
drowning happens in natural water bodies such as ponds, ditches, rivers, lakes, and dams [14-16].
Risk factors for childhood drowning in LMICs include, but are not limited to, inadequate supervision,
male sex, lack of physical barriers between people and water bodies, and lack of swimming
ability [8,16-18]. Lack of water safety awareness, risky behavior around water, and perceived risk
are also considered important risk factors [19-21]. Travelling on overcrowded or poorly maintained
vessels and water related disasters (e.g., flood, extreme rainfall, storm surges, and tsunamis or cyclones)
are also common risk factors in all age groups globally [2].

Two supervisory tools, door barriers and playpens, were piloted in rural areas of Bangladesh,
in an attempt to reduce drowning [17,18]. The findings suggested that both tools improved supervision;
however, caregivers preferred playpens [18]. Another study explored the option of community creches
and reported that children who participated in the creche program were 80% less likely to drown than
those who did not participate [18,22].

However, as no nationwide childhood drowning prevention program has been implemented in
Bangladesh, drowning continues to be the leading cause of death among children 1-4 years of age.
Drowning also remains a leading cause of injury deaths among all age groups [23]. These estimates
are based on modeled data and there is a lack of population-based data to describe the epidemiology,
magnitude, and risk factors for drowning across all ages, and more specifically in children in
Bangladesh. Such knowledge would be important for designing and implementing drowning
prevention strategies that are responsive to the current risk factors not only in Bangladesh, but also in
other LMICs with similar contexts.

The objective of this study was to describe the burden and risk factors of drowning for
all demographics in rural Bangladesh, including children 1-4 years-old using data from a
population-based census conducted in 2013. This paper aims to fill the gap in knowledge about
the burden of drowning among all populations and provide updates on risk factors for drowning in
rural Bangladesh.

2. Methods

A large-scale implementation project “Saving of Lives from Drowning” (SoLiD) was conducted
in Bangladesh to test the effectiveness of childhood drowning prevention interventions. As part of
the project, a baseline census was conducted between June and November of 2013 in 51 union
parishads of seven rural sub-districts of Bangladesh: Matlab North, Matlab South, Daudkandi,
Chandpur Sadar, Raiganj, Sherpur Sadar, and Manohardi. The census covered 1.17 million population
and 270,387 households in these 51 union parishads.

Trained data collectors used pre-tested structured questionnaires to collect information from
household heads or any adult above 18 years by face-to-face interviews. Data collection occurred in
two stages. In the first stage, demographic, socio-economic, illness, and health-seeking information
was collected for all members of the household. Household members who had any injury event were
also identified during the first stage. In the second stage, information on injury morbidity and mortality
were collected for both intentional and unintentional injuries. Injury was operationally defined as
any external harm resulting from any assault, fall, cut, burn, animal bite, poisoning, transportation,
operation of machinery, blunt objects, suffocation, or drowning related event resulting in the loss of
one or more days of normal daily activities, school, or work. Drowning was described as the process of
experiencing respiratory impairment from submersion or immersion in liquid [24]. Non-fatal drowning
was operationally defined as survival from a drowning event. Information on all fatal injuries was
collected over a one-year recall period, and over a six-month recall period for non-fatal injuries.

To ensure the quality of data, trained supervisors were recruited, and they observed 10% of
interviews conducted by the data collectors, checked 10% of the collected data, and re-interviewed 2%
of the households. In addition, field level research officers and managers were appointed to re-check
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all data for inconsistencies. If any inconsistency was found, the respective data collector was asked to
revisit the household to collect correct information.

Ethical clearance for this study was obtained from the Institutional Review Boards of the Johns
Hopkins Bloomberg School of Public Health in the USA, the Center for Injury Prevention Research,
Bangladesh, and the International Centre for Diarrheal Disease Research, Bangladesh.

All records of fatal and non-fatal drowning were retrieved from the primary database for
the current analysis. A description of the population by fatal and non-fatal drowning, sex, age,
level of education, socio-economic status (SES) (computed based on a principal component analysis of
household asset variables), and sub-districts was provided with proportion. Frequency distribution
and proportion of different variables related to fatal and non-fatal drowning were also calculated.
The descriptor variables included place of drowning, distance of water bodies from home, time of
occurrence, and the seasonality of drowning. Drowning rates were calculated per 100,000 populations
per year for fatal drowning and per 100,000 populations per 6 months for non-fatal drowning.
These rates were further disaggregated by age, sex, SES, education, and sub-district levels. Fatal
and non-fatal drowning outcomes were modeled as odds ratios comparing levels of independent
variables such as age, sex, SES, and education using logistic regressions. Results from both bivariate
and multivariate analyses are presented.

3. Results

The census covered 1.17 million people from seven selected sub-districts of Bangladesh.
The proportion of females (51.5%) was slightly higher than males (48.5%). Among the total population,
9.6% were children under five years of age, 29.4% were 5 to 17 years of age, and about 61% were
adults (18 years and over). Over one-quarter (25.3%) of the population had no formal education,
however, about 60.0% had either primary or secondary level education. Considering the SES index,
the population was divided into quintiles and the proportion of population in each category of SES
index was almost the same, ranging between 18.1% and 21.6%. The proportion of the population in
each sub-district varied depending upon the number of union parishads covered from the selected
sub-district for the census (Table 1).

Table 1. Description of population by sex, age, level of education, socio-economic status (SES) index,
sub-districts, and fatal and non-fatal drowning outcomes.

Characteristics Counts (N) Frequency (%)
Sex
Male 567,674 48.54
Female 601,919 51.46
Age Group
<1 year 22,141 1.89
1-4 years 90,523 7.74
5-9 years 139,728 11.95
10-14 years 142,121 12.15
15-17 years 62,098 5.31
18-24 years 133,534 11.42
25-64 years 508,059 43.44
65+ years 71,389 6.10
Level of Education
No education 295,314 25.3
Primary 407,923 34.9
Secondary 289,658 24.8
A levels and above 63,873 55
Not applicable (<5 years) 112,664 9.6




Int. ]. Environ. Res. Public Health 2017, 14, 488

Table 1. Cont.

Characteristics Counts (N) Frequency (%)
Socio-Economic Index
Lowest 211,610 18.1
Low 218,695 18.7
Middle 238,371 20.4
High 247,716 21.2
Highest 253,210 21.6
Sub-Districts
Matlab North 265,897 22.7
Matlab South 209,772 17.9
Chandpur Sadar 128,356 11.0
Raiganj 104,357 8.9
Sherpur Sadar 228,519 19.5
Manohardi 204,319 17.5
Daudkandi 28,373 24
Drowning
Fatal (1 year recall) 185 0.016
Non-fatal (6 months recall) 3752 0.321

One hundred eighty-five fatal drowning cases in the year preceding the census and 3752 non-fatal
drowning events in the preceding six months of the census were identified (Table 1). Among the
non-fatal drowning cases, about 19.0% had multiple events. All cases of fatal drowning were
unintentional in nature.

Fatal and non-fatal drowning rates were 15.8/100,000 per year and 318.4/100,000 per
6 months, respectively. Both fatal and non-fatal drowning rates were found higher among males
(fatal: 19.0/100,000 per year; 95% confidence interval (95% CI) 15.7-23.1 and non-fatal: 372.6,/100,000
per 6 months; 95% CI 357.1-388.8) than females (fatal: 12.8,/100,000 per year; 95% CI 10.2-16.1 and
non-fatal: 267.1/(254.3-280.5)). The difference of rates between male and female in non-fatal drowning
was statistically significant.

The highest rates of fatal and non-fatal drowning were observed in children 14 years of age at
121.5/100,000 per year (95% CI 100.3-147.0) and 3057.7/100,000 in 6 months (95% CI 2948.0-3172.0),
respectively. Among adults (18 years and over), the highest rate (8.4/100,000 per year; 95% CI 3.4-19.3)
of fatal drowning was found among the 65 years and older age group; and the highest non-fatal
drowning rates (28.4/100,000 per 6 months; 95% CI 24.1-33.49) were found among 25-64 year-olds.

Higher rates of fatal (12.5/100,000 per year; 95% CI 8.9-17.5) and non-fatal drowning
(139.6/100,000 per 6 months; 95% CI 126.4-153.6) were observed among those who did not have
any education compared to the educated groups.

The highest rates for both fatal (21.7/100,000 per year; 16.1-29.3) and non-fatal drowning
(504.1/100,000; 474.7-535.3) were observed in the most deprived SES quintile, and with the increase of
SES index the incidence rates decreased. However, the fatal drowning incidence rate was found to be
slightly higher (13.0/100,000 per year) in the wealthiest quintile (highest) than the wealthy quintile
(high) (11.3/100,000 per year).

Fatal drowning rates were found to be similar in all sub-districts, ranging from 16.7 to 20.3/100,000
per year, except in Sherpur Sadar (12.3/100,000 population per year) and Manohardi (12.2/100,000
population per year). The highest fatal drowning rate was observed in Chandpur Sadar (20.3/100,000
population per year) and the lowest in Manohardi (Table 2). Significant variations were found in
comparisons of non-fatal drowning rates between sub-districts (Table 2), with the highest non-fatal
drowning rates in Raiganj, followed by Daudkandi, Matlab South, and Matlab North.
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Table 2. Fatal and non-fatal drowning rates (per 100,000) by sex, age, level of education, SES index,

and sub-districts.

Fatal Drowning

Non-Fatal Drowning

Variables . Rate/100,000/ . Rate/100,000/6
Population )y (959% C1) Population (N) Months (95% CI)
Sex
Both 1,169,593 15.8 (13.6-18.3) 1,178,256 318.4 (308.4-328.8)
Male 567,674 19.0 (15.7-23.1) 573,225 372.6 (357.1-388.8)
Female 601,919 12.8 (10.2-16.1) 605,031 267.1 (254.3-280.5)
Age in Years
<1 year 22,141 9.0 (1.6-36.4) 21,594 171.3 (122.4-234.7)
1-4 years 90,523 121.5 (100.3-147.0) 91,737 3057.7 (2948.0-3172.0)
5-9 years 139,728 22.9(15.9-32.7) 141,024 465.9 (428.3-499.6)
10-14 years 142,121 5.6 (2.6-11.6) 143,206 37.0 (28.0-48.8)
15-17 years 62,098 3.2(0.6-13.0) 62,580 14.4 (7.0-28.38)
18-24 years 133,534 6.7 (3.3-13.3) 134,535 19.3 (12.9-28.76)
25-64 years 508,059 3.1(1.9-5.2) 514,264 28.4 (24.1-33.49)
65+ years 71,389 8.4 (3.4-19.3) 69,316 27.4 (17.0-43.69)
Level of Education
No education 295,314 12.5 (8.9-17.5) 296,357 139.6 (126.4-153.6)
Primary 407,923 6.9 (4.6-10.1) 412,140 108.8 (98.1-118.3)
Secondary 289,658 1.7 (0.6-4.3) 292,118 15.9 (11.7-21.2)
Higher secondary level and above 63,873 3.1(0.5-12.6) 64,158 10.9 (4.8-23.6)
Not applicable (<5 children) 112,664 100.3 (83.0-121.0) 113,331 2522.5 (2418.0-2601.0)
SES Index
Lowest 211,601 21.7 (16.1-29.3) 213,242 504.1 (474.7-535.3)
Low 218,695 18.7 (13.6-25.7) 220,666 375.2 (350.3-401.8)
Middle 238,371 15.5 (11.1-21.6) 240,313 297.5 (276.3-320.3)
High 247,716 11.3 (7.7-16.6) 249,546 253.3 (234.1-274.0)
Highest 253,210 13.0 (9.1-18.5) 254,489 197.3 (180.6-215.5)
Sub-District
Matlab North 265,897 17.3 (12.8-23.3) 267,748 306.5 (284.0-326.2)
Matlab South 209,772 16.7 (11.8-23.5) 213,691 531.5 (491.9-553.5)
Chandpur Sadar 128,356 20.3 (13.5-30.1) 128,671 194.0 (170.6-219.5)
Raiganj 104,357 19.2 (12.0-30.2) 106,044 885.4 (816.7-929.6)
Sherpur Sadar 228,519 12.3 (8.3-18.0) 228,591 107.6 (94.78-122.2)
Manohardi 204,319 12.2 (8.1-18.4) 204,551 113.5 (99.51-129.2)
Daudkandi 28,373 17.6 (6.5-43.7) 28,960 602.7 (507.0-687.3)

CI: Confidence Interval.

Multiple logistic regression analysis showed that males were at higher risk of both fatal and

non-fatal drowning than females. Children 1-4 years of age were 13.3 times (CI 3.3-54.0; p = 0.000)
and 15.9 times (CI 11.2-22.5; p = 0.000) higher at risk of fatal and non-fatal drowning, respectively,

than infants (<1 year). Although individuals in other older age groups were also at higher risk of fatal
drowning, the odds ratios were not statistically significant. In the case of non-fatal drowning, the
analysis showed a statistically significant higher risk in all age groups compared to infants. Individuals

with no education had 3.7 times (CI 0.8-16.7; p = 0.1) and about 2.9 times (CI 1.3-6.7; p = 0.013) higher
risk of fatal and non-fatal drowning, respectively, than those who had secondary level education or

higher. With the decrease of SES quintile from the highest to the lowest, the risk of fatal and non-fatal
drowning increased; this association was, however, only significant for non-fatal drowning events

(Table 3).
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Natural bodies of water such as ponds, ditches, lakes, and rivers were common places of drowning.
Ponds were the most common place (66.0%) of drowning in Bangladesh. About three-quarters (73.0%)
of drowning took place in bodies of water within 20 m from the victims” house. Almost all (95.0%)
drowning occurred during the daylight between 0900 h and 1800 h, of which almost two-thirds
occurred before 1300 h. The study revealed a seasonal pattern of drowning which showed an increase
of drowning during monsoon, with peaks in July and the winters (November-January) relatively free
of drowning events (Figure 1).
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(c) Timing of drowning (d) Seasonality of drowning

Figure 1. Factors associated with fatal and non-fatal drowning: (a) Place of drowning; (b) Distance of
water bodies; (¢) Timing of drowning; (d) Seasonality of drowning.

4. Discussion

As in other LMICs, the reporting system for deaths and health related events is weak in
Bangladesh. Thus, it is very difficult to ascertain the burden of diseases and injuries in the country
based on routinely collected data. In addition, most recent population-based research on the burden of
drowning in the country is quite dated [25-28]. Therefore, this study, using recent population-based
data, provides a comprehensive update on the burden and epidemiology of drowning in Bangladesh.
In this survey, household visits were conducted to collect relevant data on fatal and non-fatal drowning
events for over 1 million people.

This study suggests that across all ages, the fatal drowning rate was 15.8 per 100,000 people
per year and the non-fatal drowning rate was 318.4 per 100,000 per 6 months in rural Bangladesh.
According to the WHO Global Report on Drowning, rates of drowning in LMICs, such as Bangladesh,
are higher than in HICs, and in comparing LMICs, the fatal drowning rate in Bangladesh is 2 to 5 times
higher than rates from most other LMICs based on the 2012 WHO Global Health Estimates [1,2].

10



Int. ]. Environ. Res. Public Health 2017, 14, 488

These findings suggest that the burden of global drowning may be disproportionately borne by a
few LMICs, including Bangladesh; thus, initial efforts on global drowning prevention may focus on
such countries.

Within Bangladesh, while no variations were noticed in the fatal drowning rates, significant
variations were observed in non-fatal drowning rates comparing geographical regions in the seven
Upazilas surveyed in rural Bangladesh, and sub-districts such as Raiganj, Daudkandi, Matlab North
and Matlab South had significantly higher rates. These differences in the non-fatal drowning relative
to drowning rates may be indicative of the differences in the level of awareness about the risk of
drowning, exposure to water bodies, and coverage of drowning prevention activities between these
sub-districts. For instance, Raiganj was seen to have the highest fatal and non-fatal drowning events,
in spite of having SwimSafe programs and creches in their communities for over a decade [26]. It is
probable that due to awareness among residents in the community about injury prevention programs,
there were higher self-reporting instances. In addition, Matlab North, Matlab South, Chandpur Sadar,
and Daudkandi have more natural water bodies in and around them, which when considered along
with all other risk factors, puts its residents at a higher risk of drowning events.

The rates for both fatal and non-fatal drowning were higher among males when compared to
females, which is similar to other LMICs, as reported by the WHO Global Report on Drowning [2].
The higher risk among males can probably be attributed to higher exposure to risky situations,
increased risk taking behavior, and involvement in activities outside the home among males [27].

The highest rates of fatal and non-fatal drowning were observed in children 1-4 years of age
followed by 5-9 year-olds children. These findings are similar to findings from a previously conducted
national survey, Bangladesh Health and Injury Survey (BHIS) 2005, and reflect the trend that rural
children aged 14 years are the worst affected by drowning in Bangladesh, and that this trend has
not changed over the past decade [2,8]. Similar findings have also been reported in other East-Asian
countries such as Thailand, Vietnam, and China [28], and countries in the Western Pacific Region [29].
The increased risk of drowning among children under five years of age has been associated with lack
of adequate adult supervision, combined with environmental risks, and behavioral factors such as
increased curiosity among toddlers, lack of ample dexterity and co-ordination, and limited cognitive
awareness of their surroundings [2,15,26].

Low educational level and poor socio-economic status were associated with higher drowning
rates for both fatal and non-fatal events, and similar findings have also been reported in previous
studies from Bangladesh [30-32]. Such disparities in drowning outcomes may suggest disproportionate
access to safe environments, knowledge around drowning prevention, and relevant rescue and health
services when comparing populations of different socioeconomic status. Thus, these results highlight
the need for prioritizing populations from low socioeconomic status backgrounds in drowning
prevention efforts.

In this study, most drowning events occurred in ponds and ditches, almost all located within
20 m from the residences of victims, and most frequently during the annual monsoon season,
similar to findings reported in prior studies [15,22,28]. Given the tropical climate in Bangladesh,
monsoon rainfalls may lead to floods, and increased water levels in rivers, canals, ponds, and ditches,
which puts children and other individuals at higher risk of drowning [33]. Virtually all (95%) drowning
events occurred in the daylight hours. This pattern of seasonality and time of drowning are in
accordance with other studies [25,28,33,34].

A major limitation of this study is in its definition of near-drowning events. There is no standard
operational definition of non-fatal drowning. In the previous 2005 BHIS survey, a non-fatal drowning
event was defined as a victim who sought medical care or had at least a three-day work loss or absence
from school or inability to do normal daily activities, but in the current study, it was defined just
as survival from a drowning event associated with care-seeking and or at least one-day work loss
or absence from school in the current study. Hence, findings on non-fatal drowning events of this
study are not comparable to the BHIS study. Notwithstanding this limitation, while the absolute rates
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of non-fatal drowning among children less than 18 years of age in this study were different from a
previous study, the drowning pattern (higher rates among this age group) was found to be similar [9].
Additionally, the study covered predominantly rural areas of Bangladesh; thus, the findings may
not be generalizable to urban areas of Bangladesh. However, as the topography of rural Bangladesh is
homogeneous in nature, the study findings are generalizable to other rural areas of Bangladesh.

5. Conclusions

The study suggests that the magnitude of fatal and non-fatal drowning is very high in rural
communities of Bangladesh, and that drowning rates may be on the rise. Male gender, children under
5 years of age, having limited to no education, and being of lower socio-economic status were
associated with increased risk of fatal and non-fatal drowning events. It is evident that drowning is a
neglected public health problem in Bangladesh and that the child population is the most vulnerable.
Evidence based interventions such as playpens and community creches are effective in preventing
drowning mortality in children under five years of age. It is expected that the consideration and
implementation of the research findings from SoLiD will provide a wealth of knowledge in preventing
child drowning. There is also a need for a national effort for drowning prevention for all ages; such an
effort could incorporate other age-specific drowning prevention strategies to reduce the overall burden
of drowning in rural Bangladesh.
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Abstract: Globally, road traffic injury (RTI) causes 1.3 million deaths annually. Almost 90% of all
RTI deaths occur in low- and middle-income countries. RTT is one of the leading causes of death in
Bangladesh; the World Health Organization estimated that it kills over 21,000 people in the country
annually. This study describes the current magnitude and risk factors of RTI for different age groups
in rural Bangladesh. A household census was carried out in 51 unions of seven sub-districts situated
in the north and central part of Bangladesh between June and November 2013, covering 1.2 million
individuals. Trained data collectors collected information on fatal and nonfatal RTI events through
face-to-face interviews using a set of structured pre-tested questionnaires. The recall periods for fatal
and non-fatal RTT were one year and six months, respectively. The mortality and morbidity rates
due to RTI were 6.8/100,000 population/year and 889/100,000 populations/six months, respectively.
RTI mortality and morbidity rates were significantly higher among males compared to females.
Deaths and morbidities due to RTI were highest among those in the 25-64 years age group. A higher
proportion of morbidity occurred among vehicle passengers (34%) and pedestrians (18%), and more
than one-third of the RTI mortality occurred among pedestrians. Twenty percent of all nonfatal RTIs
were classified as severe injuries. RTI is a major public health issue in rural Bangladesh. Immediate
attention is needed to reduce preventable deaths and morbidities in rural Bangladesh.

Keywords: road traffic injuries; risk factors; epidemiology; Bangladesh

1. Introduction

There is a growing consensus in the international health community that road traffic injury (RTT)
is a leading cause of death, illness, and disability throughout the world [1-3]. According to a World
Health Organization (WHO) report, RTI causes 1.3 million deaths per year globally [4]. RTI death rates
are more than twice as high in low- and middle-income countries (LMICs) compared to high-income
countries (HICs), with almost 90% of all RTI deaths occurring in LMICs [5-9]. In LMICs, RTIs result in
losses of up to 5% of the GDP compared with 3% globally [4].

Due to rapid motorization and urbanization in Bangladesh, RTIs are on the rise as in other LMICs,
and RTI also represents a leading cause of injury deaths [3,10-13]. In addition to deaths, RTI is a major
cause of hospital admissions at primary and secondary facilities in Bangladesh [14], and traditional data
sources such as police data grossly underreport incidence of RTI events in Bangladesh. For example,
police statistics showed 3160 deaths due to RTI in 2003, whereas the Bangladesh Health and Injury
Survey (BHIS) reported 13,000 RTT deaths in the same year [11]. Similarly, a recent police report
showed 2538 deaths due to road crashes in 2012, much lower than the 21,316 road traffic deaths
estimated by the WHO [4]. More RTI deaths are recorded in the rural areas of Bangladesh compared
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to the urban regions [15]. According to the Road Safety Global Report (2015), Bangladesh lacks best
practice legislations for all five road safety risk factors, including speeding, helmet use, drink driving,
seatbelt use, and child restraint use, which make the situation even worse [4,16].

Bangladesh has had a gradual shift from infectious disease to non-communicable disease and
injuries in the past couple of years [11-13,17-20]. The United Nations (UN) declared the period of
2011-2020 as a Decade of Action for Road Safety and two of the 17 Sustainable Development Goals
(SDG) indicators aim to reduce global road traffic deaths and injuries by 50% by 2020, in addition
to providing access to safe, affordable, accessible, and sustainable transport systems for all by 2030,
which is a reflection of the growing recognition of the enormous toll exacted by RTIs [8,21,22]. However,
Bangladesh has not taken any remarkable steps to address these unnecessary deaths due to the lack
of reliable data on risk factors for RTI [23,24]. To design and implement comprehensive road safety
strategies in Bangladesh, knowledge of the magnitude and risk factors for RTI in the country are
essential. The objective of this study was to fill the current knowledge gap in RTI epidemiology and
risk factors among all populations in rural Bangladesh.

2. Methods

“Saving of Lives from Drowning (SoLiD)”, an implementation research study, was conducted
between 2013 and 2015 in Bangladesh. In this program, a baseline census was conducted between
June-November 2013 in 51 unions of seven sub-districts [25]. The seven sub-districts were Raiganj
and Sherpur Sadar in the north of the country, and Matlab North, Matlab South, Daudkandi,
Chandpur Sadar, and Manohardi situated in the central part of Bangladesh. The survey covered
approximately 1.2 million people in 270,387 households in 993 villages of 51 unions. The survey
collected information on all individuals who were residents in the survey areas.

Trained data collectors gathered required information by face-to-face interviews with the heads
of households or any household member over 18 years of age who were the most knowledgeable
about the household. A repeat visit was made to those households if there was no adult member
present or if the respondent was physically or mentally unable to participate in the interview. If an
additional second or third visit was unsuccessful, the household was excluded from the census. A set
of seven pre-tested structured questionnaires was used to collect relevant information. Data was
collected in two stages; the first round collected information on socioeconomic and demographic
factors (sex, age, level of education, socioeconomic status), household environment, child and birth
history, and health-seeking behavior to understand the household and family status. The survey
also collected information on fatal and non-fatal injuries. If a specific injury mortality or morbidity
was identified in first round, detailed information was collected regarding the underlying injury
mechanisms in the second round. In this study, injury was defined as any external harm resulting from
an assault, burn, fall, animal bite, transportation of goods and persons, cuts, poisoning, blunt objects,
operating machinery, suffocation, or (near) drowning resulting in the loss of one or more days of
normal daily activities, work, or school, and its methodology is described elsewhere [17]. This paper
only looked at fatal and non-fatal RTI outcomes. The recall periods for fatal and non-fatal RTIs were
one year and six months, respectively.

To ensure the data quality, trained supervisors observed 10% of the conducted interviews
and checked 10% of the collected data. They also re-interviewed 2% of the visited households.
Field-level research officers also re-checked all data for inconsistencies. If any discrepancy was found,
the household was revisited to collect correct information.

A data entry program using SQL Server 2008 was developed and collected data were entered,
and then transferred to SPSS version 21 for analysis. All related information of fatal and non-fatal
RTIs were retrieved from the primary database for analysis and were de-identified. To analyze the
characteristics of RTIs, standard descriptive statistics were used. Description of population by fatal
and non-fatal RTIs, sex, age, level of education, socioeconomic status (SES), and sub-district, as well
as the place, time, and prior activities of fatal and non-fatal RTIs was provided with proportion.
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Nonfatal injury events were classified into low, medium, and highly severe injuries based on an index
that summarizes indicators such as the number of days an individual required assistance, the number
of days lost at work or school, post injury immobility, anatomic and physiologic profile of an injury,
post injury hospitalization, surgical treatment, and post injury disability for all events [17]. Fatal RTI
rates were calculated per 100,000 population per year and non-fatal RTT rates per 100,000 population
per six months. These rates were further analyzed by age, sex, SES, education, and sub-district levels.

Odds of fatal and nonfatal RTI outcomes given independent variables such as age, sex, SES,
education, and occupation were assessed using logistic regressions. Results from both bivariate
and multivariate logistic regressions are presented. Age was treated as a categorical variable
(comprising eight groups: <5 (reference group), 5-9, 10-14, 15-17, 18-24, 25-64, 65+ years). Sex was
considered as a binary predictor (reference group was female). Educational (A level and above as a
reference group), occupation (agriculture as a reference group), and SES (from lowest to highest) were
categorical variables.

Ethical Statement

Ethical clearance was obtained from the Institutional Review Boards of the Johns Hopkins
Bloomberg School of Public Health (approval code: 00004746), International Centre for Diarrheal
Disease Research, Bangladesh and the Center for Injury Prevention Research, Bangladesh. For inclusion
in the study, informed consent was given by all respondent before they participated.

3. Results

3.1. Sociodemographic Characteristics of Survey Population

Around 1.2 million people from seven selected sub-districts were covered in the census, and the
proportion of the population in each sub-district varied depending upon the number of unions covered
for the census. In the census, the proportion of males (48.5%) and females (51.5%) were almost equal.
Among the total sample, 39.1% were children (<18 years). A total of 6303 deaths (preceding year) and
119,669 non-fatal injury events (preceding six months) were identified during the census (Table 1).
A total of 80 fatal RTTs (8.7% of injury death) and 10,398 non-fatal RTIs (17.8% of injury morbidity)
were recorded (Table 2). Of the total, 7.4% of RTIs cases had multiple events.

Table 1. Sociodemographic characteristics of fatal and non-fatal road traffic injury (RTI) outcomes.

L. Total Population (n = 1,169,594) Characteristics Total Population (n = 1,169,594)
Characteristics
n (%) n n (%)
Population by Upazila Education

Matlab North 265,897 (22.7) No education 295,314 (25.3)
Matlab South 209,772 (17.9) Primary 407,923 (34.9)
Chadpur Sadar 128,356 (11.0) Secondary 289,658 (24.8)
Raiganj 104,357 (8.9) A levels and above 63,873 (5.5)
Sherpur 228,519 (19.5) Not applicable (Under 5 years) 112,664 9.6)

Manohardi 204,319 (17.5) SES quintiles
) Lowest 211,601 (18.1)
Daud Kandi 28,373 @24 Low 218,695 (18.7)
Sex Middle 238,371 (20.4)
Male 567,674 (48.5) High 247,716 (21.2)
Female 601,919 (51.5) Highest 253,210 (21.7)

Age Occupation
<5 years 112,664 (9.6) Agriculture 104,956 9.0)
5-9 years 139,728 (12.0) Business 61,661 (5.3)
10-14 years 142,121 (12.2) Skilled labor (Professional) 89,151 (7.7)
15-17 years 62,098 (5.3) Unskilled /domestic (Unskilled) 24,520 (2.1)
18-24 years 133,534 (11.4) Rickshaw /bus (Transport worker) 17,037 (1.5)
25-64 years 508,059 (43.4) Student 312,537 (26.7)
65+ years 71,389 (6.1) Retired /unemployed/housewife 408,583 (34.9)
Other 150,402 (12.4)
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Table 2. Fatal and non-fatal RTI rates (per 100,000) by sub-districts, sex, age, level of education,
SES index, and occupation.

Fatal Road Traffic Injuries (1 = 80) Non-Fatal Road Traffic (z = 10,398 Events)
Characteristics Rate/100,000/Year Rate/100,000/Six
=80 95% CD) n = 10,398 Months (95% CI)
All 80 6.8 10,398 889
Upazila
Matlab North 15 5.6 (3.4-9.3) 2405 904.5 (869.2-941.2)
Matlab South 9 4.3(2.3-8.2) 1808 861.9 (823.2-902.4)
Chadpur Sadar 6 4.7 (2.1-10.2) 959 747.1 (701.5-795.7)
Raiganj 11 10.5 (5.9-18.9) 1595 1528.4 (1456.0-1605.0)
Sherpur 16 7.0 (4.3-11.4) 1401 613.1 (581.9-645.9)
Manohardi 21 10.3 (6.7-15.7) 2037 996.9 (954.8-1041.0)
Daudkandi 2 7.1 (1.9-25.7) 193 680.0 (591.0-782.8)
Sex
Male 52 9.2 (6.9-12.01) 8705 1551.4 (1520.0-1584.0)
Female 28 4.7 (3.2-6.7) 1693 264.3 (251.7-277.6)
Age
<5 years 5 44(1.9-10.4) 355 315.1 (284.0-349.6)
5-9 years 8 5.7 (29-11.3) 1007 720.7 (677.7-766.4)
10-14 years 5 3.5(1.5-8.2) 1048 737.4 (94.2-783.2)
15-17 years 5 8.1(3.4-18.9) 663 1067.7 (989.8-1152.0)
18-24 years 9 6.7 (3.5-12.8) 1347 1008.7 (956.5-1064.0)
25-64 years 38 7.5 (5.45-10.3) 5510 1084.5 (1056.0-1113.0)
65+ years 10 14.0 (7.6-25.8) 468 655.6 (599.0-717.5)
Education
No education 26 8.8 (6.0-12.9) 2708 916.9 (883.2-952.0)
Primary 21 5.2 (3.4-7.9) 3627 889.1 (860.8-918.4)
Secondary 23 7.9 (5.3-11.9) 2891 998.1 (962.5-1035)
Higher secondary and above 5 7.8(3.3-18.3) 817 1279.1 (1195.0-1369.0)
Not applicable (Under 5 years) 5 4.4 (1.9-10.4) 355 315.1 (284.0-349.6)
SES quintiles
Lowest 18 8.5(5.4-13.5) 1847 872.9 (834.1-913.4)
Low 13 5.9(3.5-10.2) 2006 917.3 (878.2-942.1)
Middle 14 59 (3.5-9.9) 1937 812.6 (777.3-849.4)
High 22 8.9 (5.9-13.5) 2131 863.8 (828.0-901.0)
Highest 13 5.1(3.0-8.8) 2477 998.3 (940.7-1017.0)
Occupation
Agriculture 11 10.4 (5.8-18.6) 1301 1231.1 (1166.0-1299.0)
Business 6 9.7 (44-21.1) 1282 2066.9 (1958.0-2182.0)
Skilled labor (Professional) 11 12.2 (6.8-21.8) 1533 1698.6 (1616.0-1785.0)
Unskilled /domestic (Unskilled) 3 12.1 (4.1-35.5) 332 1335.3 (1200.0-1486.0)
Rickshaw /bus (Transport worker) 8 46.1 (23.3-90.9) 1239 7133.0 (6760.0-7525.0)
Student 15 4.8 (2.9-7.9) 2439 774.4 (744.4-805.6)
Retired /unemployed /housewife 1 4.6 (3.0-7.2) 1575 383.1 (364.7-402.4)
Other 1 17.2 (3.0-97.1) 45 771.9 (577.4-1031.0)
Not applicable 6 4.1 (1.9-9.0) 634 435.9 (403.4-471.1)

3.2. RTI Mortality and Morbidity

RTI deaths comprised about 1.3% of the deaths that occurred due to any cause in the surveyed
population over a recall period of one year. The mortality rate due to RTI was 6.8 (95% CI 55-85)
per 100,000 populations per year. The mortality rate was the highest in Raiganj (10.5 per 100,000;
95% CI 5.9-18.9) followed closely by Manohardi (10.3 per 100,000; 95% CI 6.7-15.7).

Across gender profiles, RTI deaths were significantly more in males than females, the mortality
rates being 9.2 deaths (95% CI 6.9-12.01) per 100,000 in males compared to 4.7 deaths (95% CI 3.2-6.7)
per 100,000 in females. The count of deaths due to RTI was highest in the 25-64 years age group;
the unadjusted mortality rate was, however, highest among the elderly age group (14 deaths per
100,000; 95% CI 7.1-26.7) (Table 2). Individuals with no education had the most number of RTI
deaths (8.8 per 100,000; 95% CI 6.0-12.9). People with secondary and higher secondary level or higher
education had similar mortality rates (Table 2).
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The morbidity rate due to RTI was 889 injuries (95% CI 866-900) per 100,000 population per six
months. The RTI morbidity rate was highest in Raiganj (1528.4 injuries per 100,000; 95% CI 1456-1605),
followed by Manohardi (996.9 injuries per 100,000; 95% CI 954.8-1041 (Table 2). Males suffered
significantly higher numbers of injuries than females across all ages, with the morbidity rate being
1551.4 injuries (95% CI 1520-1584) per 100,000 for males versus 264.3 injuries (95% CI 251.7-277.6) per
100,000 for females (Table 2). Adults aged 25 to 64 years sustained the most number of injuries, and also
had the highest morbidity rate, 1084.5 injuries (95% CI 1056-1113) per 100,000 population. Adolescents
and young adults followed closely, with morbidity rates of 1067.7 injuries (95% CI 989.8-1152) per
100,000 and 1084.5 injuries (1056-1113) per 100,000 population, respectively (Table 2). A higher rate of
fatal RTI (8.8/100,000; 95% CI 6.0-12.9) was observed among those who were not educated compared
to those with some formal education; however, the differences were not statistically significant (Table 2).
In the case of non-fatal RTI events, individuals with higher secondary level and advanced education
had significantly higher rates (1279.1/100,000; 95% CI 1195.0-1369.0) of RTI than individuals with
lower levels or no education.

With the decrease of the SES index, the rates of fatal RTIs increased with an exception in the high
SES quintile, where the rate was found to be the highest (8.9/100,000; 95% CI 5.9-13.5). However,
rates of non—fatal RTIs where highest (998.3/100,000; 95% CI 940.7-1017.0) in the highest SES quintile
(Table 2).

Transport workers had the highest rates for both RTI mortality (46.1/100,000; 95% CI 23.3-90.9)
and morbidity (7133.0; 95% CI 6760.0-7525.0) among all occupations (Table 2). When considering
the mode of transport, most victims of RTI morbidity were passengers (34%) and pedestrians
(18%) (Figure 1). Most RTI mortality, however, occurred among pedestrians (35%). Auto-rickshaw,
pickup van, jeep, microbus, bus, bicycle, and motorcycle were the main modes of transportation that
an individual was using prior to death resulting from RTI (Figure 2).

Mode of transport at the time of non fatal RTI
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Don’t know \ PEdtle;/nans
0% o
Passengers
34%

Drivers
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Motorcyclists Bicyclists
11% 17%

Figure 1. Mode of transport at the time of non-fatal RTI.
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Mode of transport at the time of fatal RTI
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Figure 2. Mode of transport at the time of fatal RTIL.

Around 40.0% of road traffic injuries occurred while an individual was on his way to work,
and 21.5% occurred among individuals who were wandering on the streets. One-fifth of the victims
were engaged in driving (Figure 3).

Activity at the time of RTI

Not applicable |
Other |

Working on road ;
Wandering '
Helping driver :
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Figure 3. Activity at the time of RTI (both mortality and morbidity).

The RTI injury severity index showed that 50% of RTI cases had low severity. Almost 20% of cases
had been severely injured in a road traffic crash. The highest proportion of high injury severity was
found among passengers (37.7%), followed by pedestrians (22.4%) (Figure 4).
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RTI severity by road user
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Figure 4. Injury severity index related to road user in RTT morbidity.

The survey findings revealed that 81.4% of motorcyclist RTI victims did not use safety devices
(Table 3).

Table 3. Use of safety device at the time of RTI among motorcyclists.

Use of Safety Device at the Time of RTI among Motorcyclists

Motorcycle user Used Not Used Did Not Know
n (%) n (%) 1 (%)
Morbidity 222 (10.6) 1832 (87.9) 31(15)
Mortality 1(25.0) 3(75.0) 0(0.0)
Total 223 (17.8) 1835 (81.4) 31(0.7)

Most of RTIs happened earlier in the day, between 9:00 a.m. and 12 noon (Figure 5). Most of the
respondents (95.4%) mentioned that the injured person was not on drugs. It was also noted that most
collisions happened between auto-rickshaws or other informal vehicles (modified vehicles, which have
no legal permission to be on the road). Most (46.5%) of the respondents perceived that the road
condition was not good.

Time of RTI morbidity and mortality
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Figure 5. Time of RTI morbidity and mortality.
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Multiple logistic regression analysis revealed that males were 4.6 times more at risk of non-fatal
RTI (95% CI 4.3-4.9; p = 0.000) when compared with females. The risk of a non-fatal road traffic crash
increased significantly with increasing age. Individuals aged 15 to 24 years were at the highest risk.
Transport workers, such as those driving rickshaws and buses, were 6 times likelier to be in a non-fatal
RTI (95% CI 5.5-6.5; p = 0.000) than agricultural workers. Education level was not seen to be associated
with non-fatal RTT risk. Increasing socioeconomic status was significantly associated with increasing
risk of non-fatal RTI (Table 4).

Table 4. Association between sociodemographic factors and fatal and non-fatal RTL

Fatal RTI Non-Fatal RTI
Characteristics OR (95% CI) Value OR(95% CD) Value ~OR(95% CD) Value OR(95% CD) Value
Unadjusted 4 Adjusted L4 Unadjusted v Adjusted v
Sex
Male 20(1.2-3.1) 0.004 1.3 (0.7-2.6) 0.436 5.9 (5.6-6.2) 0.000 4.6 (4.3-4.9) 0.000
Female 1 1
Age Groups
<5 years 1 1
5-9 years 1.3 (0.4-3.9) 0.655 0.5 (0.1-1.5) 0.217 2.3 (2.0-2.6) 0.000 29 (24-3.5) 0.000
10-14 years 0.8(0.2-2.7) 0713 0.7 (0.2-2.6) 0.207 2.3(2.1-2.6) 0.000 3.0 (2.4-3.6) 0.000
15-17 years 1.8 (0.5-6.3) 0.346 0.5 (0.1-2.0) 0.625 3.4(3.0-3.9) 0.000 3.8 (3.1-4.6) 0.000
18-24 years 1.5(0.5-4.5) 0.454 0.5 (0.1-1.8) 0.343 3.2(2.9-3.6) 0.000 3.7 (3.1-4.5) 0.000
25-64 years 1.7 (0.7-4.3) 0273 1.3 (0.3-4.8) 0.297 3.4(3.1-3.8) 0.000 3.7 (3.0-4.5) 0.000
65+ years 32(1.1-9.2) 0.036 0.5 (0.1-1.5) 0.742 22(1.9-2.5) 0.000 2.8(2.3-3.5) 0.000
Level of education
Not applicable 0.6 (0.2-2.0) 0.370 0.7 (0.4-1.4) 0.573 0.2(0.2-0.3) 0.000
No education 1.1(0.4-2.9) 0.810 1.3 (0.7-2.5) 0312 0.7 (0.7-0.8) 0.000 0.9 (0.8-1.0) 0.110
Primary 0.7 (0.2-1.7) 0.400 1.1(0.3-4.1) 0.475 0.7 (0.6-0.7) 0.000 0.9 (0.9-1.0) 0.118
Secondary 1.0 (0.4-2.7) 0.977 1.0(0.1-8.2) 0.900 0.8 (0.7-0.8) 0.000 1.0 (0.9-1.1) 0.794
Higher secondary and above 1 1 1 1
Occupation
Agriculture 1 1
Business 0.9 (0.3-2.5) 0.884 1.4 (0.4-2.8) 0.004 1.7 (1.6-1.8) 0.000 1.6 (1.5-1.7) 0.000
Skilled labourer 1.2(0.5-27) 0.702 1.2(0.5-3.1) 0.969 1.4 (1.3-1.5) 0.000 1.4 (1.3-1.5) 0.000

Unskilled/domestic worker ~ 12(0.342) 0812 13(0447) 063  11(1.0-12) 018  12(11-14) 0004
Transport worker 45(1.8-111) 0001  51(20-130)  0.000 6.2 (5.7-6.7) 0.000 6.0 (5.5-6.5) 0.000

(Rickshaw /bus)
Student 0.5(0.2-1.0) 0.049 0.8 (0.1-1.7) 0.001 0.6(0.6-0.7) 0.000 1.1(1.0-1.2) 0.067
Retired /unemployed /housewife 0.4 (0.2-0.9) 0.032 0.5 (0.2-1.4) 0.277 0.3 (0.3-0.3) 0.000 1.0(0.9-1.1) 0.397
Not applicable (children) 0.4 (0.1-1.1) 0.068 1.2(0.0-2.5) 0.201 0.4 (0.3-0.4) 0.000 1.3 (1.1-1.6) 0.000
Not applicable (other) 1.6 (0.2-12.4 0.651 1.2(0.1-9.9) 0.228 0.6 (0.5-0.8) 0.002 1.2 (0.9-1.7) 0.164
SES index

Lowest 1
Low 0.7 (0.3-1.4) 0.325 0.8 (0.4-1.6) 0.681 1.1(1.0-1.1) 0.132 1.1(1.0-1.1) 0.067
Middle 0.7 (0.3-1.4) 0.299 0.7 (0.3-1.4) 0.493 0.9 (0.9-1.0) 0.026 0.9 (0.9-1.0) 0.125
High 1.0 (0.6-1.9) 0.892 1.0 (0.5-2.0) 0.289 1.0 (0.9-1.0) 0.654 1.0 (0.9-1.1) 0.855
Highest 0.6 (0.3-1.2) 0.165 0.7 (0.3-1.5) 0.986 1.1(1.1-1.2) 0.000 1.2 (1.1-1.3) 0.000

With fatal RTI cases, gender and age were not significantly associated with an increased risk
of death due to an RTI. As with non-fatal RTI events, transport workers were 4.5 times more
(95% CI 1.8-11.1) at risk than agricultural workers to die in a road traffic accident (Table 4).

4. Discussion

The incidence of RTI fatalities was found to be 6.8 deaths (95% CI 55-85) per 100,000 population
and non-fatal RTIs were calculated as 889.0 injuries (95% CI 866-900) per 100,000 population.
Although RTlIs occur in all age groups, the highest rate of fatality (14.0 per 100,000 population) was
observed among the older age group (65+ years) followed by 15-17 years (8.1 per 100,000 population),
and the highest rate of morbidity was found in the group aged in 24-64 years (1084.4 per
100,000 population). These findings were consistent with other studies from the developing world
such as India, Pakistan, Nepal, Vietnam, and Ghana, where RTI was found to be the leading killer
and the productive age group was found to be the most likely victim [26-32]. Other studies also
showed that the most active and productive age group, 15-35 years, was the most likely victim of
RTI deaths [1,28,33-35]. This enhances a serious economic loss to the country, thereby affecting the
growth of the county. The reasons behind this trend may be that children have less mobility and are
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also supervised by adults during road use, but adults have more mobility and exposure to road traffic
in order to attend work and studies [36].

Male preponderance in fatal and non-fatal RTIs is concurrent with other studies from Bangladesh
and the surrounding countries [7,14,37-39]. This is probably because men in Bangladesh have more
exposure and movement on the road due to their involvement in work, business, jobs, or studies,
whereas females are often restricted to their homes and are responsible for handling household
chores [40].

The study findings noticed that no education and lower socioeconomic conditions put individuals
at higher risk for road traffic injury deaths. Other studies conducted in LMICs and HICs found
similar patterns [11,13,14,36,39-43]. Moreover, the Global Status Report of Road Traffic Injury also
projected that poor socioeconomic condition will have a significant role in RTIs and people from a
lower socioeconomic status are more likely to be affected [4]. SES is an important predictor for health
conditions, especially in RTI situations. RTI is an acute health problem; however, immediate proper
health care is not available for poor people in LMICs [4,9,11,15].

In this study, mortality and morbidity were highest among transport workers, such as rickshaw
pullers. It has been reported in different studies that more RTIs were seen among students and
laborers [14,44—46]. The open design of a rickshaw could be one reason why such rickshaw pullers
are at higher risk [47]. It is interesting to note that passengers were more involved in non-fatal RTIs,
whereas pedestrians were involved in deadly RTIs. Similar findings have been highlighted in many
other studies in LMICs [10,15]. Pedestrians appear to be at greater risk of death and injury due to RTI.
This could be clarified by the fact that people mostly travel on foot in rural areas of Bangladesh and
these areas are not equipped with properly designed roads. This puts pedestrians at a higher risk of
being knocked down by motor vehicles [48]. Most of the studies in LMICs showed the same picture
of RTIs, in that pedestrian are predominantly affected by road traffic crashes owing to the mixture of
slow and fast vehicles in addition to pedestrians on the same roads [49-52]. It was also noted that most
of the collisions happened between auto-rickshaws or other informal three-wheelers, which are the
main vehicles used on rural roads [15,35,48].

In the present study, the highest number of crashes happened between morning and noon
(9 am. to 12 p.m.). This pattern is similar to other studies from Bangladesh and the surrounding
regions, such as India, where the highest incidence of RTIs occurred in the same time frame [11,16].
These are the peak hours for traffic on the roads, as children go to school and adults head to their
work places [11,15,52]. Motorcyclists who did not use helmets were the most severely injured.
Similar findings for the lack of helmet use was also found in other studies [12,17,52].

The strength of this study is that data was collected from a large sample size covering all
individuals in the survey area. The information was collected through two-stage verbal interviews by
trained data collectors and all data was cross-checked. However, data was collected mostly from rural
areas of Bangladesh; therefore, the findings may not be generalizable to urban areas of Bangladesh
and these sample households were not nationally representative [4]. However, the topography,
road networks, and road structures of rural Bangladesh are similar in nature, thus the study outcomes
are generalizable to other areas of rural Bangladesh [15].

Additionally, the study did not collect data on other risk factors such as exposure time, kilometers
driven, and knowledge of safety practices. Furthermore, not all respondents were victims or eye
witnesses, which gives some limitation to data accuracy.

Other established common risk factors such as lack of awareness, lack of engineering modification,
and travelling on overcrowded or poorly maintained vehicles could not be captured in the context of
this study.

5. Conclusions

The magnitude of fatal and non-fatal RTIs is remarkably high in rural communities of Bangladesh,
and the working age group and male population are more at risk. Being a pedestrian or a student were

23



Int. ]. Environ. Res. Public Health 2017, 14, 1354

also identified as risk factors for both fatal and non-fatal RTIs. Lower socioeconomic condition and no
education were the important risk factors for fatal and non-fatal RTIs.

There is obviously a need for targeted and directed intervention approaches to reduce road
traffic injuries. Some examples of interventions include road safety education programs for
road users, safe child pedestrian programs through school education, community awareness
programs, first responder training at the community level, the implementation of safety measures for
non-motorized vehicles, and engineering modifications for speed calming. Such approaches should
be directed towards vulnerable road users [15,19,46,51]. Immediate attention should be made to
strengthen the intervention measures in an integrated manner to prevent these unexpected events.
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Abstract: Globally, falls are the second leading cause of unintentional injury deaths, with 80%
occurring in low-and middle-income countries. The overall objective of this study is to describe
the burden and risk factors of falls in rural Bangladesh. In 2013, a large household survey covering
a population of 1,169,593 was conducted in seven rural sub-districts of Bangladesh to assess the
burden of all injuries, including falls. The recall periods for non-fatal and fatal injuries were six
and 12 months, respectively. Descriptive, bivariate and multiple logistic regression analyses were
conducted. The rates of non-fatal and fatal falls were 36.3 per 1000 and 5 per 100,000 population,
respectively. The rates of both fatal and non-fatal falls were highest among the elderly. The risk of
non-fatal falls was higher at extremes of age. Lower limb and waist injuries were frequent following
a fall. Head injuries were frequent among infants (35%), while lower limb and waist injuries were
frequent among the elderly (>65 years old). Injuries to all body parts (except the waist) were most
frequent among men. More than half of all non-fatal falls occurred in a home environment. The injury
patterns and risk factors of non-fatal falls differ by sociodemographic factors.

Keywords: injury; fall injury; Bangladesh; LMICs

1. Introduction

Annually, about 4.7 million deaths are due to injury, and these account for about 8.5% of the global
disease burden [1]. The majority (80%) of these deaths occur in low-and middle-income countries
(LMICs) and the World Health Organization’s South-East Asia region has the highest unintentional
injury mortality rate (80 per 100,000) and the highest rate for disability-adjusted life years (DALYs)
due to unintentional injuries (3065 per 100,000) in the world [2,3]. Falls are the second leading cause of
unintentional injury deaths, and the 13th leading cause of global years lived with disability (YLD) [1-4].
Between 2005-2015, global deaths due to fall increased by about 21%, and a major contributor for this
was population growth and aging [1]. If left unaddressed, the burden of fall injuries is projected to
increase by 100% by the year 2030 [5].

Fall can occur on the same level as a result of slipping or tripping, or at a different level, such as a
fall from a height [2,5]. Several sociodemographic, occupational, health or medical, and environmental
factors have been identified as risk factors for falls [2,5]. Globally, the burden of fall injuries is higher
among the elderly (>65 years), and this burden increases with age [5]. However, children are also
vulnerable to falls [6,7]. There is limited epidemiological data on fall injuries in LMICs [5].

Bangladesh, a lower-middle income country in the South Asia, has a high burden of disability as
a result of injury, including falls [8]. Previous studies from Bangladesh have reported a high burden of
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fall-related mortality, morbidity and disability among children [9-11]. The government of Bangladesh
has recognized injury prevention as a national priority [8]. However, most fall injury-related studies
from Bangladesh have focused on specific population or group. An in-depth population-based study
on the epidemiology of falls can provide information on risk factors and would help in planning
effective prevention strategies. The overall goals of this study are to describe the burden of fall injuries,
identify risk factors and patterns of fall injuries, and make recommendations to reduce the burden of
falls in rural Bangladesh.

2. Materials and Methods

As part of the Saving of Lives from Drowning (SoLiD) project, a large baseline survey was
conducted from June-November 2013 in seven purposively selected sub-districts—Matlab North,
Matlab South, Daudkandi, Chandpur Sadar, Raiganj, Sherpur Sadar and Manohardi—covering a
population of approximately 1.16 million people in 51 unions [12,13]. The data collection method for
this survey has been described earlier, and is summarized below [14].

All data collectors received training on research methods, data collection tools, and ethics.
Prior to starting with data collection, mapping and household listing was conducted in all villages.
During this exercise, each household was assigned a serial number based on a predetermined format.
All households in the selected sub-district were visited i.e., a census survey was conducted. A written
consent was obtained prior to starting data collection. Data was collected from either the head
of the household or any adult member of the household aged 18 years and older. Household,
sociodemographic and injury data were collected for all individuals in each household. The birth
history of all ever-married women who were between 15-49 years of age was obtained. Data on all
injury mortality and morbidity were collected. Injury mortality data was collected over a 12-month
recall period, while injury morbidity data was collected over a six-month recall period. Only injuries for
which care was sought from either a formal or informal provider, and/or there was loss of work/daily
activities for a day, were included in the survey.

Household, sociodemographic data and birth history were collected by one set of data collectors,
who were also responsible for completing an injury notification form for any injury mortality
and morbidity event that occurred during the recall period. Based on the outcomes recorded on
the injury notification form, a second set of data collectors visited households to complete injury
mortality /morbidity and mechanism forms. All of the forms were developed in English, translated to
Bangla, and then back-translated and pilot-tested prior to data collection.

A dichotomous variable for fall injury—yes or no—was created. In case of multiple falls,
only one event per person was taken into consideration for analysis. Sub-district, age group, sex,
education, marital status and occupation were categorical variables. Using principle component
analysis, households were categorized into five quintiles: lowest, low, middle, high, and highest.
Rates for fall-related mortality and morbidity by each category were calculated. These are expressed
per 100,000 and per 1000 population for mortality and morbidity, respectively.

Simple descriptive analysis and bivariate cross-tabulations were conducted [15]. To explore
differences in fall-related mortality and morbidity by sociodemographic categories, the Chi-square test
or Fisher’s exact test (when conditions for Chi-square were violated) were conducted [15]. For both fall
mortality and morbidity, bivariate logistic regression analyses were used to study the association of
each covariate with fall mortality and morbidity [15]. These covariates included sub-district, age group,
sex, education, marital status, occupation, and socioeconomic status. Multivariate logistic regressions
(MLR) were performed for fall morbidity using the same explanatory variables [15]. For non-fatal falls,
a comparison of results from bivariate and MLR indicated an interaction between age and sex; hence,
another model with an interaction term including age group and sex was run. The multivariate models
without and with the interaction term were compared using the likelihood ratio test and the model
with the interaction term was significant (<0.001). For fatal falls; age, education, marital status and
occupation groups were re-categorized, as there were no fall-related deaths in some groups. To address
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the separation issue, Firth logit regression was run for fatal falls. In the Firth logit regression model;
sub-district, age group, sex, education, marital status, occupation, and socioeconomic status were
included as covariates. Injured body parts were combined into seven body regions: head and neck,
face, chest, abdomen, upper limb, lower limb, and waist. The proportion of fall cases that had injury to
a particular body region by age group and sex were calculated.

All analyses were carried out using STATA version 12 and 13 (StataCorp LP, College Station,
Texas, USA), and p < 0.05 was considered statistically significant [16]. The Institutional Review Board
of the Johns Hopkins Bloomberg School of Public Health (JHSPH), and the Ethics Review Committees
of the International Center for Diarrhoeal Disease Research, Bangladesh (icddr, b), and Center for
Injury Prevention and Research, Bangladesh (CIPRB), approved this study (JHSPH IRB 00004746).

3. Results

The baseline survey covered a total of 1,169,593 individuals in seven rural sub-districts of
Bangladesh. About 39% of the population was children (<18 years), and about 55% were in the
productive age group (18-64 years). The overall male to female ratio was 1:1.06. Nearly a quarter of
the population did not have any formal education, and nearly half were married. About 35% were
either retired, unemployed, or housewives. The distribution of the population in five wealth quintiles
was nearly equal (Table 1).

Table 1. Sociodemographic characteristics of fatal and non-fatal fall injury patients in rural Bangladesh.

Fatal Fall Injury (N = 59) Non (1;721412:,321;;;1 i (N ='I?1t6a;,593)
Rate Per 100,000  p Value Rate Per 1000 p Value
N Population N Population N (%)
(95% CI) (95% CI)
Sub-district
Matlab North 21 7.9 (4.5-11.3) 12,058 45.6 (44.8-46.4) 265,897 (22.7)
Matlab South 15 7.2 (3.5-10.8) 11,435 54.8 (53.8-55.8) 209,772 (17.9)
Chandpur Sadar 3 23 (0.0-5.0) 4570 35.8 (34.8-36.8) 128,356 (11.0)
Raiganj 2 1.9 (0.0-4.6) 0.030* 3554 343(33.1-354)  <0.001** 104,357 (8.9)
Sherpur Sadar 8 3.5 (1.1-5.9) 4059 17.9 (17.3-18.4) 228,519 (19.5)
Manohardi 7 3.4 (0.9-6.0) 4680 23.0 (22.4-23.7) 204,319 (17.5)
Daudkandi 3 10.6 (0.0-22.5) 1903 67.5 (64.6-70.5) 28,373 (2.4)
Age group
<1 year 0 - 280 13.0 (11.5-14.5) 22,141 (1.9)
1-4 years 0 - 2927 32.5(31.3-33.6) 90,523 (7.7)
5-9 years 3 2.2 (0.0-4.6) 4453 31.9 (31.0-32.8) 139,728 (12.0)
10-14 years 1 0.7 (0.0-2.1) _ 3848 27.1(26.2-27.9) <0.001 *** 142,121 (12.2)
15-17 years 0 - 1435 23.1(21.9-24.3) . 62,098 (5.3)
18-24 years 2 1.5 (0.0-3.6) 2879 21.6 (20.8-22.4) 133,534 (11.4)
25-64 years 14 2.8(1.34.2) 22,273 44.0 (43.4-44.6) 508,059 (43.4)
>64 years 39 54.6 (37.5-71.8) 4164 61.0 (59.2-62.8) 71,389 (6.1)
Sex
Male 31 5.5 (3.5-7.4) ome 1812 32420329 o 567674 (485)
Female 28 47 (29-6.4) - 23,947 40.0 (39.5-40.5) . 601,919 (51.5)
Education
No education 39 13.2(9.1-17.4) 12,608 43.2 (42.5-43.9) 295,314 (25.3)
Primary 10 2.5(0.9-4.0) 15,734 38.7 (38.1-39.2) 407,923 (34.9)
Secondary 8 2.8(0.84.7) 9228 31.9 (31.3-32.6) 289,658 (24.8)
Alevels 1 22(0.0-6.5) <0.001** 1079 237 (223-251)  <0.001 ** 45,618 (3.9)
College 0 - 299 222 (19.7-24.7) 13,526 (1.2)
Advanced/Professional 0 - 100 21.3 (17.2-25.4) 4729 (0.4)
degree
Not applicable (under
5 children) 0 - 3207 28.7 (27.7-29.7) 112,664 (9.6)
Marital status
Married 33 5.8 (3.8-7.8) 23,845 42.0 (41.5-42.5) 571,206 (48.8)
Never married 2 0.9 (0.0-2.1) 5052 222 (21.6-22.9) 227,319 (19.4)
Divorced 0 - 116 36.3 (29.8-42.8) 3220 (0.3)
Widowed 20 377@12-542) Q001 3005 716 (69.3-73.8) <0001 53,096 (4.5)
Separated 0 - 128 47.4 (39.4-55.4) 2717 (0.2)
Not applicable 4 1.3 (0.0-2.5) 9423 30.3 (29.7-30.9) 312,035 (26.7)
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Table 1. Cont.

. _ Non-Fatal Fall Injury Total
Fatal Fall Injury (N = 59) (N = 42,259) (N =1,169,593)
Rate Per 100,000 p Value Rate Per 1000 p Value
N Population N Population N (%)
(95% CI) (95% CI)
Occupation
Agriculture 9 8.6 (3.0-14.2) 3440 33.1(32.1-34.2) 104,956 (9.0)
Business 3 4.9 (0.0-10.4) 1518 24.8 (23.5-26.0) 61,661 (5.3)
Skilled labor
(Professional) 5 5.6 (0.7-10.5) 2250 25.3 (24.3-26.4) 89,151 (7.6)
Unskillec/ domestic 0 - i 804 366(343-390) 0T ous0()
Rickshaw /bus
(transport worker) 1 5.9(0.0-17.4) 445 26.2 (23.8-28.6) 17,037 (1.5)
Students 3 1.0 (0.0-2.1) 8580 27.5 (26.9-28.0) 312,537 (26.7)
Retired /unemployed/ 36 8.8 (5.9-11.7) 20716 51.1(50.4-51.7) 408,583 (34.9)
housewife
Not applicable B
(children) 0 4195 29.3 (28.4-30.1) 144,454 (12.4)
Not applicable (others) 2 33.6 (0.0-80.2) 195 33.7 (29.1-38.4) 5948 (0.5)
Socioeconomic status
Lowest 7 3.3 (0.9-5.8) 7714 36.7 (35.9-37.5) 211,601 (18.1)
Low 11 5.0 (2.1-8.0) 7927 36.4 (35.6-37.2) 218,695 (18.7)
Middle 11 4.6 (1.9-7.3) 0.653 9051 38.2 (37.4-39.0) <0.001 *** 238,371 (20.4)
High 16 6.5(3.3-9.6) 9051 36.7 (36.0-37.4) 247,716 (21.2)
Highest 14 5.5(2.6-8.4) 8516 33.8(33.1-34.5) 253,201 (21.7)

Missing: education for 0.01% (n = 151), occupation for 0.06% (n = 737); *** p < 0.001, * p < 0.05.

3.1. Fatal Fall Injury

A total 59 fatal falls were recorded in the survey, and the mortality rate in this population was
5 per 100,000 persons (Table 1). Fall mortality rates were highest in the Daudkandi sub-district (10.6 per
100,000 population). Nearly 66% of fatal falls were among the elderly (those above the age of 64 years),
with a mortality rate of 54.6 per 100,000 population. Fall mortality rates were also higher among those
with no formal education, and among the widowed (Table 1).

3.2. Non-Fatal Fall Injury

Of the total 1,169,593 individuals who were surveyed, 42,259 reported to have experienced at least
one fall injury in the six months preceding the survey. The incidence of non-fatal fall in this population
was 36.3 per 1000 population. Fall morbidity rates were highest in the Daudkandi sub-district (67.5 per
1000 population), and among those above the age of 64 years (61 per 1000 population). Nearly 57%
of falls were among women. Rates of non-fatal falls were also higher among those with no formal
education, the widowed, the retired or unemployed, and housewives (Table 1).

Lower limb (42.5%), upper limb (25.5%), and waist (29.6%) were the most common body regions
injured in a fall. A statistically significant association was found between injured body parts and
age and sex. Head, face and chest injuries were frequent in younger children (<4 years); upper limb
injuries were frequent in older children (5-9 years old); lower limb injuries were frequent in young
adults (1024 years old); and waist injuries were frequent in adults over 24 years of age (Figure 1a).
Men more frequently injured all the listed body regions, with the exception of the waist (p < 0.001,
Figure 1b).
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Figure 1. Body parts injured in non-fatal falls by age groups and sex. (a) Injured body parts by age
groups; (b) Injured body parts by sex.

The majority (70%) of falls were at the same level, and most falls occurred in either external or
internal home environments. Most falls among women were within a home environment, while the
majority of falls among men were outside the home (Figure 2a). The majority of falls among children
<4 years and adults (>18 years) were also in either internal or external home environments, while most
falls among adolescents were outside the home (Figure 2b).
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Figure 2. Place of non-fatal fall injuries by sex and age. (a) Place of injury by sex; (b) Place of injury by
age group.

Nearly 70% of all falls had occurred at the same level as a result of slipping/tripping (66%) or
stumbling (26%). Also, most of the same-level falls occurred on a sidewalk or street (62%), followed
by within the home environment (18%), while most of the different-level falls were from a tree (27%),
stairs (25%), or furniture (18%).

3.3. Factors Associated with Fatal Falls

Compared to children (<18 years), the elderly (>64 years) had higher odds of experiencing fatal
falls. Education played a protective role for fall injury; those with any education were 70% less likely
to sustain fatal falls compared with those with no formal education (Table 2). Individuals who were
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divorced, widowed, or separated had nearly six times higher odds of suffering fatal falls compared
with those who were married. No statistically significant association was found between fatal falls and
sub-district. No significant difference was found between fatal falls and socioeconomic status (Table 2).

Table 2. Factors associated with fatal fall injuries in Bangladesh.

Unadjusted Adjusted *
Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value
Sub-district
Matlab North 1 - 1 -
Matlab South 0.9 (0.5-1.8) 0.769 1.0 (0.5-1.9) 0.976
Chandpur Sadar 0.3 (0.1-1.0) 0.049 * 0.4 (0.1-1.2) 0.111
Raiganj 0.2 (0.1-1.0) 0.056 0.3 (0.1-1.2) 0.098
Sherpur Sadar 0.4 (0.2-1.0) 0.050 0.6 (0.3-1.4) 0.229
Manohardi 0.4 (0.2-1.0) 0.056 0.5(0.2-1.2) 0.123
Daudkandi 1.3 (0.4-4.5) 0.636 1.4(0.4-4.3) 0.567
Age group
<18 years 1 - 1 -
18-24 years 1.7 (0.3-9.3) 0.536 5.0 (0.1-333.1) 0.456
25-64 years 3.1(1.0-9.6) 0.043 * 5.9 (0.1-500.6) 0.431
>64 years 62.4 (22.3-174.6) <0.001 *** 71.7 (0.8-6285.6) 0.061
Sex
Male 1 - 1 -
Female 0.9 (0.5-1.4) 0.538 0.5(0.3-1.1) 0.107
Education
No education (includes under 5 children) 1 - 1 -
Primary 0.3 (0.1-0.5) <0.001 **#* 0.4 (0.2-0.9) 0.023 *
Secondary and higher 0.3 (0.1-0.5) <0.001 *** 0.5 (0.2-1.1) 0.099
Marital status
Married 1 - 1 -
Never married 0.2 (0.0-0.6) 0.010 ** 1.5(0.3-8.3) 0.655
Divorced/widowed /separated 5.9 (3.4-10.2) <0.001 *** 2.1(1.04.3) 0.053
Not applicable 0.2 (0.1-0.6) 0.004 ** 11.1 (0.1-996.8) 0.294
Occupation
Agriculture 1 - 1 -
Business 0.6 (0.2-2.1) 0.395 1.2(0.3-4.2) 0.784
Skilled labor (Professional) 0.7 (0.2-2.0) 0.447 1.8 (0.6-5.7) 0.291
Unskilled /semi-skilled labor 0.3 (0.0-2.2) 0.228 0.8 (0.1-4.5) 0.779
Students 0.1 (0.0-0.4) 0.001 ** 0.5 (0.0-5.7) 0.598
Retired /unemployed /housewife 1.0 (0.5-2.1) 0.942 1.1(04-2.7) 0.843
Not applicable 0.2 (0.0-0.7) 0.017 * 0.1 (0.0-1.9) 0.138
Socioeconomic status
Lowest 1 1
Low 1.5 (0.6-3.9) 0.386 1.6 (0.6-4.2) 0.303
Middle 1.4 (0.5-3.6) 0.491 1.5 (0.6-3.9) 0.362
High 2.0 (0.8-4.7) 0.140 2.1(0.9-5.2) 0.094
Highest 1.7 (0.7-4.1) 0.267 1.8 (0.7-4.6) 0.203

***p <0.001, ** p <0.01, * p < 0.05, " firthlogit regression.

After adjusting for other covariates, no significant relationship was found between fatal falls and
sub-district, age group, sex, marital status, occupation, or socioeconomic status (Table 2). Those with
primary education were 60% less likely to experience fatal falls compared with those with no
formal education.

3.4. Factors Associated with Non-Fatal Falls

Compared to Matlab North, the populations in Daudkandi and Matlab South had higher odds
of sustaining non-fatal falls. The odds of experiencing non-fatal falls show a bimodal distribution by
age group. After infancy, the odds increase for 1-4-year-olds, it then plateaus between the ages of 10
and 24 years, and then increases again among those above 24 years of age (Table 3). Women were
1.2 times likely to sustain non-fatal falls, compared with men. The odds of experiencing fall injury
were highest among those with no formal education, and the odds reduced with increasing education
level (p < 0.001, Table 3).
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The widowed had 1.8 times higher odds of having non-fatal falls (p < 0.001) compared with
married individuals. Also, compared with those involved in agriculture, the odds of experiencing falls
were 1.6 times higher among the retired, the unemployed, and housewives (Table 3). Compared with
those in the lowest socioeconomic status (SES) group, those in the highest SES group had a 10% lower
risk of sustaining falls (p < 0.001). The relationship between non-fatal falls and the middle SES group
was statistically significant, but not meaningful (Table 3).

Table 3. Factors associated with non-fatal fall injuries in Bangladesh.

Unadjusted Adjusted #
Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value
Sub-district
Matlab North 1 - 1 -
Matlab South 12(1.2-1.2) <0.001 *** 1.2(1.2-1.3) <0.001 ***
Chandpur Sadar 0.8 (0.8-0.8) <0.001 *** 0.8 (0.8-0.8) <0.001 ***
Raiganj 0.7 (0.7-0.8) <0.001 *** 0.7 (0.7-0.8) <0.001 ***
Sherpur Sadar 0.4 (0.4-0.4) <0.001 *** 0.4 (0.4-0.4) <0.001%*
Manohardi 0.5 (0.5-0.5) <0.001 *** 0.5 (0.5-0.5) <0.001 ***
Daudkandi 1.5 (1.4-1.6) <0.001 *** 1.5 (1.4-1.6) <0.001 ***
Age group
<1 year 1 - 1 -
1-4 years 2.5(2.3-2.9) <0.001 *** 2.9 (24-34) <0.001 ***
5-9 years 2.5 (2.2-2.8) <0.001 *** 1.1(0.9-1.2) 0.349
10-14 years 2.1(1.9-2.4) <0.001 *** 1.0 (0.9-1.1) 0.640
15-17 years 1.8 (1.6-2.0) <0.001 *** 0.9 (0.8-1.0) 0.012 *
18-24 years 1.7 (1.5-1.9) <0.001 *** 0.7 (0.6-0.8) <0.001 ***
25-64 years 3.5(3.1-3.9) <0.001 *** 0.8 (0.7-0.8) <0.001 ***
> 64 years 4.9 (4.4-5.6) <0.001 *** - -
Sex
Male 1 - 1 -
Female 1.2 (1.2-1.3) <0.001 *** 0.9 (0.7-1.2) 0.550
Education
No education 1 - 1 -
Primary 0.9 (0.9-0.9) <0.001 *** 1.1(1.0-1.1) <0.001 ***
Secondary 0.7 (0.7-0.8) <0.001 *** 0.9 (0.9-0.9) <0.001 ***
Alevels 0.5 (0.5-0.6) <0.001 *** 0.8 (0.7-0.8) <0.001 ***
College 0.5 (0.4-0.6) <0.001 *** 0.7 (0.6-0.8) <0.001 ***
Advanced/Professional degree 0.5 (0.4-0.6) <0.001 *** 0.6 (0.5-0.8) <0.001 ***
Not applicable (under 5 children) 0.7 (0.6-0.7) <0.001 *** 0.3 (0.3-0.4) <0.001 ***
Marital status
Married 1 - 1 -
Never married 0.5 (0.5-0.5) <0.001 *** 0.6 (0.6-0.7) <0.001 ***
Divorced 0.9 (0.7-1.0) 0.108 0.9 (0.7-1.0) 0.115
Widowed 1.8 (1.7-1.8) <0.001 *** 1.2 (1.2-1.3) <0.001 ***
Separated 1.1(0.9-1.4) 0.165 1.1(0.9-1.3) 0.302
Not applicable 0.7 (0.7-0.7) <0.001 *** 0.7 (0.6-0.7) <0.001 ***
Occupation
Agriculture 1 - 1 -
Business 0.7 (0.7-0.8) <0.001 *** 0.7 (0.7-0.8) <0.001 ***
Skilled labor (Professional) 0.8 (0.7-0.8) <0.001 *** 0.8 (0.8-0.8) <0.001 ***
Unskilled /domestic labor 1.1(1.0-1.2) 0.006 ** 1.1(1.0-1.2) 0.029 *
Rickshaw /bus (transport worker) 0.8 (0.7-0.9) <0.001 *** 0.8 (0.7-0.9) <0.001 ***
Students 0.8 (0.8-0.9) <0.001 *** 1.2 (1.1-1.3) <0.001 ***
Retired /unemployed /housewife 1.6 (1.5-1.6) <0.001 *** 1.1(1.0-1.1) 0.079
Not applicable (children) 0.9 (0.8-0.9) <0.001 *** 1.2(1.1-1.3) 0.001 **
Not applicable (others) 1.0 (0.9-0.2) 0.807 1.3 (1.1-1.5) 0.002 **
Socioeconomic status
Lowest 1 - 1 -
Low 1.0 (1.0-1.0) 0.650 1.0 (0.9-1.0) 0.145
Middle 1.0 (1.0-1.1) 0.009 ** 1.0 (0.9-1.0) 0.043 *
High 1.0 (1.0-1.0) 0.942 1.0 (0.9-1.0) 0.002 *
Highest 0.9 (0.9-0.9) <0.001 *** 0.9 (0.9-0.9) <0.001 ***

# Adjusted for Age group and sex interaction; *** p < 0.001, ** p < 0.01, * p < 0.05.

After controlling for age, sex, education, marital status, occupation, socioeconomic status,
and introducing the age-sex interaction terms; the odds of sustaining non-fatal falls for different
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sub-districts remained significant. The odds of fall injury were 2.9 times higher among 1-4-year-olds
compared with infants. After adjusting for other covariates, the relationship between sex and non-fatal
falls did not remain significant. However, even after adjusting, those widowed continued to have
higher odds of sustaining falls compared with their reference group (Table 3). The odds of having
fall injuries were also significantly higher among the unskilled and domestic laborers, students,
and children, compared with those involved in agricultural work (Table 3).

Female infants were 90% less likely to sustain falls compared with male infants (p < 0.001,
Table 4). Among 1-4-year-olds, females were 2.7 times more likely to experience falls compared with
1-4-year-old males (p < 0.001, Table 4). However, 18-64-year-old females were 30% less likely to sustain
falls compared with men in the same age category (Table 4).

Table 4. Adjusted odds of fall injuries by age and sex.

Odds Ratio (95% CI) p-Value

<1 year female compared to <1 year male 0.1 (0.0-0.1) <0.001 ***
1-4 years female compared to 1-4 years male 2.7 (1.9-3.9) <0.001 ***
5-9 years female compared to 5-9 years male 1.0 (0.8-1.3) 0.894
10-14 years female compared to 10-14 years male 1.0 (0.7-1.2) 0.710
15-17 years female compared to 15-17 years male 0.8 (0.6-1.1) 0.115
18-24 years female compared to 18-24 years male 0.7 (0.5-0.8) 0.001 **
25-64 years female compared to 25-64 years male 0.7 (0.6-0.9) 0.006 **
>65 years female compared to >65 years male 0.9 (0.7-1.2) 0.550

1 < 0.001, ** p < 0.01.

4. Discussion

To our knowledge, this is the first study describing the epidemiology of fall injuries among
the general population in Bangladesh. Previous studies from Bangladesh have either focused on
specific segments of the population or groups [9,10,17,18]. The rates of fatal and non-fatal falls were
5 per 100,000 population, and 36.3 per 1000 population, respectively. The rates of fatal and non-fatal
falls were highest among the elderly. Other groups vulnerable to non-fatal falls included children,
the widowed, unskilled /domestic laborers, and students. Residents of Matlab South and Daudkandi
were also vulnerable for falls, while those in the highest SES group had a lower risk.

In our study, about 66% of all fatal falls were among the elderly. Falling can lead to physical
disability, but it may also affect the mental, social and emotional well-being of the elderly [5]. In the
last decade, Bangladesh has made significant achievements to improve health indicators, and the life
expectancy at birth has also increased from 67.5 in 2004 to 71.6 years in 2014 [19]. With the increase
in the aging population, the burden of fall injuries is also expected to increase in LMICs, including
Bangladesh, and there is a need to focus on interventions that prevent falls among this age group [5,20].

In high-income settings, primary prevention interventions that promote physical activity and
healthy lifestyles among the elderly have been implemented to prevent fall injuries [5,21]. Interventions
for fall risk assessment and management are also found to be effective [21]. These programs may
focus on the management of medications and health problems related to vision, foot, orthostatic
hypotension, cardiovascular problems, gait, and balance [5]. Environmental modifications at home
and within communities are also recommended [5]. Secondary prevention strategies such as the use of
hip protectors to prevent hip fracture in the event of a fall have also been implemented [2,5]. Tertiary
prevention strategies may focus on rehabilitation and improvement of functions to prevent disability
following a fall. [5] However, there is a dearth of effective fall-prevention interventions from LMICs,
including Bangladesh, and there is limited evidence on the acceptability of these interventions in this
setting [20,22,23].

Children emerged as the other vulnerable group for fall injuries. Earlier studies from LMICs and
Bangladesh have also highlighted this [6,7,10,17,18,24,25]. A multisite unintentional injury surveillance
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study conducted in five LMICs found that about half of all emergency department visits among
children aged 0-12 years were as a result of falls [7]. Again, most fall injuries are found to occur in
or around the home environment, and during play [6,7,10,17,18]. This could be because children in
LMICs lack designated and safe play areas [26]. Strategies such as installing window guards, making
environmental modifications in and around homes, and enforcing standards in playgrounds may also
help prevent fall injuries among children [4].

Globally, elderly women are more likely to suffer from fall injuries compared with men [4].
However, no gender difference in the distribution of fatal and non-fatal falls among the elderly was
found in this study. In our study, men in the productive age group (18-64 years) had a higher risk of
falling compared with women in the same age category. In rural Bangladesh, men play an active role
outside the home, and may be involved in high-risk behaviors and occupations that increase their
risk of falling [2]. Previous studies have found falls to be more frequent among boys [6,7,10,17,18].
This could be because boys tend to play outside the house, and are exposed to greater risk compared
with girls, who are mostly involved in household activities [17,18]. Contrary to earlier findings, in our
study, 1-4-year-old girls had a relatively higher risk of sustaining non-fatal falls compared with boys
in the same age group. Further research is required to explain the gender difference in this age group.

In this study, falls among young children, women, and the elderly were more frequent within
the home environment, while those among men and adolescents were more frequently outside.
In Bangladesh, children, women, and the elderly tend to spend more time at home, and this can
explain the higher incidence of falls within the home environment for these groups. In contrast,
men and adolescents spend more time outside the home, and this can explain the higher incidence of
falls outside the home environment [27].

Our study found a higher risk of fall injuries among the widowed. This could be because these
individuals are more likely to live alone, lack social support, have lower income, and experience
physical and mental health problems that increase their risk of falls [5]. In our study, we found that
compared to those in the lowest SES group, those in the highest SES category had a slightly lower
risk of falls. This may be due to differences in the designs and materials used for constructing houses
amongst SES groups; the housing structure of the highest SES group may be safer and less injury-prone
compared with those in the lowest SES category.

In our study, the pattern and the distribution of injuries resulting from falls varied by age and sex.
Young children were more likely to suffer from head and chest injuries; older children and adolescents
were more likely to suffer from limb injuries; while young adults and the elderly were more likely to
suffer from lower limb and waist injuries. These findings are comparable with those found in other
studies [27,28].

The risk of falls also differed by sub-districts. Residents of Matlab South and Daudkandi were
found to be more vulnerable to falls. This may be related to environmental factors. However, these were
not captured in this survey, and this could be explored in future studies.

Results from the study may help in planning injury-prevention interventions and policies in
Bangladesh. However, the findings of this study cannot be generalized to other areas in Bangladesh,
as this study was conducted exclusively in rural Bangladesh. Previous studies have shown that rural
areas have a higher burden of falls compared with urban areas [17,29]. Another limitation of the
study could be the recall bias. In this study, the recall period for fatal and non-fatal fall was six and
12 months, respectively. Respondents are more likely to recall recent, severe, or fatal falls, and there
may be underreporting. Other factors such as medication and substance use, or medical conditions
such as poor vision, vertigo, stroke and musculoskeletal diseases, all may impair judgment, muscle
strength, coordination or balance, and result in fall injuries [5]. Environmental factors such as poor
infrastructure, building design, or lighting may also increase the risk of falling, especially for children
who are inexperienced, and the elderly [5]. In this survey, data on these associated factors were not
collected. While this study attempts to explore associations between fatal falls and sociodemographic
factors, there may be some analytic limitations, as only 59 fatal falls were recorded in this survey.
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5. Conclusions

Bangladesh has a high burden of fall-related mortality and morbidity. Populations at age extremes,
and men in the productive age group, were found to be most vulnerable for falls. With increasing
life expectancy, the burden of falls among the older population is expected to increase. Other groups
that were vulnerable for falls included the widowed, those with lower education, unskilled /domestic
laborers, students, and those in the lowest SES group. Interventions targeting these specific groups
may help reduce the burden of falls in Bangladesh. Since most falls among children and elderly occur
in the home environment, modifications in and around homes could be a potential strategy. Other
strategies could be fall risk assessment and management. However, there is a dearth of evidence on
the acceptability and effectiveness of these strategies in LMICs; as a result, future research on fall
prevention interventions is suggested.
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Abstract: The aim of the paper is to quantify the burden and risk factors of fatal and non-fatal
suicidal behaviors in rural Bangladesh. A census was carried out in seven sub-districts encompassing
1.16 million people. Face-to-face interviews were conducted at the household level. Descriptive
analyses were done to quantify the burden and Poisson regression was run to determine on risk
factors. The estimated rates of fatal and non-fatal suicide were 3.29 and 9.86 per 100,000 person
years (PY) observed, respectively. The risk of suicide was significantly higher by 6.31 times
among 15-17 and 4.04 times among 18-24 olds compared to 25-64 years old. Married adolescents
were 22 times more likely to commit suicide compared to never-married people. Compared to
Chandpur/Comilla district, the risk of suicide was significantly higher in Narshingdi. Students
had significantly lower risk of non-fatal suicidal behavior compared to skilled laborers. The risk
of non-fatal suicidal behavior was lower in Sherpur compared to Chandpur/Comilla. Among
adolescents, unskilled laborers were 16 times more likely to attempt suicide than students.
The common methods for fatal and non-fatal suicidal behaviors were hanging and poisoning. Suicide
is a major public health problem in Bangladesh that needs to be addressed with targeted interventions.

Keywords: suicide; attempted suicide; burden; risk factors; rural; Bangladesh; injury; violence

1. Introduction

According to the 2014 WHO Global Health Estimates, there were about 803,900 suicides in 2012
representing 1.4% of the global burden of disease or over 39 million disability adjusted life years
(DALYs) lost [1]. Fatal suicidal behavior or suicide is death resulting from self-harm. Worldwide,
suicide accounted for 16% of injury mortality and 1.4% of total mortality in 2012, making it the 15th
most common cause of death for all age groups in that year [1,2]. Analysis of trends indicate that
the overall suicide rate has decreased significantly over the past decade. The global suicide rate was
11.4 per 100,000 population in 2012, a decrease from 14.4 per 100,000 in 2000 [1]. However, the rate of
decline flat-lined in the latter part of that decade, and the rate in 2008 (11.6 per 100,000) was about the
same as rate reported for 2012 [3-5]. Globally, suicide remains the second leading cause of death among
15-29 year olds [1,2]. In addition to these striking facts for suicide, there are indications that, for every
adult that dies by suicide, there are 10-20 more who attempted a suicide event [2,5]. This assumption
for suicide attempts is based on the WHO world mental health surveys among adults (>18 years of age)
in 21 low-middle and high-income countries who report a prevalence of 3—4 per 1000 individuals [6].
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Fatal and non-fatal suicidal behaviors have been found be mostly prevalent among the vulnerable
populations of the world where availability of and accessibility to resources and services for
identification and treatment are scarce [2]. In fact, three-fourths of the global suicides have been
estimated to occur in low and middle-income countries (LMICs) [2]. The southeast Asia region alone
accounts for 40% of the global suicide deaths, with China and India being the leading contributors [2,4].
Although there are variations in trends and risk factors of suicide among countries in the southeast
Asia region, compared to Western countries, the region as whole has higher suicide rates, lower gender
(male-to-female) suicide rate gap, higher rates among the elderly, and an increasing trend of youth
suicides [5,7]. Reviews and epidemiological data also indicate that there exists wide urban-rural
disparity in suicide, with suicide rates often greater in rural areas [5,8,9].

Like most southeast Asian countries, a fundamental challenge for Bangladesh is the lack of quality
suicide data or system for monitoring and surveillance. In Bangladesh, a limited number of studies
have attempted to quantify suicide rates. Mashreky et al. suggested that about 10,000 people commit
suicide in the country in a year [10], and the rate of suicide was found to be 7.3 per 100,000 population
(6.5 in males and 8.2 in females) and was highest in the 60+ age group and considerably high among
adolescents [10]. These estimates for were based on the 2003 Bangladesh Health and Injury Survey [10].
According to WHO Global Health Estimates, the suicide rate for 2012 in Bangladesh was 7.8 per
100,000 population (8.7 in females and 6.8 in males) [11]. Demographic and health surveillance in
two rural sub-districts of Bangladesh between 2004 and 2010 revealed that the most common cause
of death for young adults (aged 15-49) was injury (23.5%) with suicide accounting for 11.9% [12].
Other studies that have attempted to determine the causes of female deaths, revealed a growing rate
of suicide among adolescent females [13]. Analysis of results from national household surveys in
2001 and 2010 and hospital based surveys in 1996-1997 suggested that suicide was the main cause for
deaths among adolescent females, accounting for 16-22% of all deaths in this age group [13]. There is
a need for recent population-based data that could be used to define the burden and epidemiology
of suicide in Bangladesh, and to consequently address interventions for reducing rates of fatal and
non-fatal suicidal behavior in Bangladesh.

The objective of this paper is to quantify the burden and socio-demographic risk factors of fatal
and non-fatal suicidal behaviors in rural Bangladesh. The goal is to identify high-risk subgroups,
demonstrate any transition in causes of death in the country and to call for action on the need to
recognize and address this enormous public health issue on a national scale. It is hoped that this
paper will provide evidence to influence national policies to address and invest in related research and
preventive approaches.

2. Materials and Methods

2.1. Study Design, Area and Population

The data for this paper is from an implementation research study conducted with an aim to
reduce drowning in under-five children in five districts of rural Bangladesh [14,15]. A cross-sectional
baseline census was conducted over a six months period from June through November 2013 before
the start of the implementation of the drowning prevention interventions [16]. The census covered
1.165 million people in 51 unions from seven sub-districts of Bangladesh (and this study describing
the epidemiology of fatal and nonfatal suicide behaviors is based on the census). The sub-districts
included were Matlab North, Matlab South, Daudkandi, Chandpur Sadar, and Manohardi in the
central section of the country, and Raiganj and Sherpur in the north.

2.2. Questionnaire and Data Collection

The baseline census collected information on fatal and non-fatal injury outcomes including fatal
and non-fatal suicidal behaviors, characteristics of the underlying injury mechanisms and health
seeking behavior for the injury or death outcome on all populations in the census area. In addition,
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the census collected information on social and demographic characteristics, physical environment and
birth history. This was done using a questionnaire covering seven modules (I. Household characteristics
and socioeconomic census; II. Birth history; IIl. Household environment, IV. Death confirmation;
V. Injury morbidity; VI. Injury mortality and VII. Injury mechanisms). The injury mechanisms module
(module VII) comprised of 12 forms covering 12 injury events, the first of which was attempted suicide.
In addition, there were three notification forms: injury notification, death notification and child
notification, which provided notifications of any injuries or deaths including suicide and attempted
suicide from module I. All fatal injury information (including fatal suicidal behavior) was collected
over a one-year recall period, whereas non-fatal injuries (including non-fatal suicidal behavior) were
collected over a six-month recall period.

Suicide (or non-fatal suicidal behavior) was operationally defined as a self-initiated injury event
that resulted in a fatal outcome (or non-fatal outcome). The injury events assessed were defined based
on ICD-10 classification, and are described in details elsewhere [16].

All information was collected directly from the head of households or any adults 18 years above
with sufficient knowledge of the household. All forms were written in English and translated to Bangla.
The forms were back-translated and pilot-tested prior to the actual data collection.

Data collection was implemented by two sets of trained data collectors. The first set of data
collectors completed the questionnaire forms in module I-III and notified of any fatal suicide
or non-fatal suicide events. In module I after enlisting all the household members and their
soico-demographic information, we asked “whether the member had suffered from any non-fatal
injuries (read out all injuries) in the past six months”. In order to obtain information on deaths we
asked “whether there were any deaths in the past one year”. Based on the notification, a second set
of data collectors completed the questionnaire forms in module IV-VII only in households with the
suicide injury or death event. Each set of the questionnaire forms took between 40-50 min to complete.
Written informed consent was obtained prior to data collection.

2.3. Statistical Method and Analyses

Descriptive statistics were used to describe the population by various variables such as age,
gender, marital status, educational attainment, wealth quintile and geographical area. The overall
rates of suicide and attempted suicide was calculated per 100,000 person years observed (PYO).
The mortality and morbidity rates were also stratified by the above-mentioned variables. Principal
component analysis was done to estimate the wealth quintile using various variables that indicate
asset availability and housing conditions.

Multivariable analysis was performed with multilevel Poisson regression models. Model estimates
were reported as incidence rate ratios (IRR), with their respective 95% confidence intervals. The models
were first implemented with one covariate, and then adjusted for other covariates and possible
confounders (age, gender, marital status, educational attainment, wealth quintile and geographical
area). Age, education and occupation were considered as categorical variables, whereas gender was
considered as a binary predictor (male as reference group). Socioeconomic quintile was considered
as ordinal data from lowest to highest. Age was theorized to modify the risk of fatal and non-fatal
suicidal behavior with regards to other variables, especially marital status in rural Bangladesh. Thus,
separate analyses were implemented for (1) individuals 15 years and older, and (2) adolescents-only
(aged 10-17 years) to adjust for the possible interactions with age. The final results for individuals
above 15 years of age are presented in the paper, and results for the adolescent-only analyses have
been included in the (Supplementary Materials Tables S1 and S2).

Variable construction and estimations were done with the statistical software STATA 13 (Stata Corp.
2013. Stata Statistical Software: Release 13. College Station, TX, USA: Stata Corp LP.).
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2.4. Ethical Statement

Ethical approval was obtained from of the Institutional Review Board of the Johns Hopkins
Bloomberg School of Public Health (JHSPH) (ethics approval code is 00004746); and Ethics Review
Committees of International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) and Center
for Injury Prevention and Research Bangladesh (CIPRB) under the study Saving of Lives from
Drowning (SoLiD), Bangladesh.

3. Results

The survey covered a population of 1,169,593 (Table 1). Overall, 21.6% of the population was less
than 10 years of age, 72.3% were between 10-65 years of age and only 6.1% of the population was above
65 years. More than three-fifth (65%) of the respondents had received at least primary education and
about half (48.8%) of the population were married during the time of the survey. Three-fourths (74.6%)
of the population were not employed and were either retired, unemployed, housewives, students
or children. Among those who were employed, a majority were involved in agricultural activities
(9%), followed by skilled work (7.6%) and business (5.3%). Household wealth quintiles were evenly
distributed. The majority of respondents resided in Matlab North (22.7), Sherpur (19.5%), Matlab South
(17.9%) and Manohardi (17.5%) sub-districts of the country.

Table 1. Socio-demographic characteristics of the respondents.

Characteristics N =1,169,593 %

Age (in years)

<10 252,392 21.6
10-14 142,121 12.2
15-17 62,098 53
18-24 133,534 114
25-64 508,059 434
65+ 71,389 6.1
Sex

Male 567,674 48.5
Female 601,919 51.5

Education !

No education 295,314 25.3
Primary complete (five years) 407,923 349
Secondary complete (10 years) 289,658 24.8
Secondary and above 63,873 55

Under five children 112,664 9.6

Occupation 2

Agriculture 104,956 9.0

Business 61,661 5.3

Skilled labor 89,151 7.6

Unskilled labor 24,520 2.1

Transport worker 17,037 1.5

Students 312,537 26.7
Retired /unemployed /housewife 408,583 35.0
Children 144,454 124
Others (NA) 5948 0.5

Marital Status

Married (Reference) 571,206 48.8
Never-married 227,319 194
Widowed/Divorced /Separated 59,033 5.0

Children (<12 years) 312,035 26.7
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Table 1. Cont.

Characteristics N =1,169,593 %
Wealth quintile
Lowest 211,601 18.1
Second 218,695 18.7
Middle 238,371 20.4
Fourth 247,716 21.2
Highest 253,210 21.6
Sub-district
Matlab North 265,897 22.7
Matlab South 209,772 179
Chandpur Sadar 128,356 11.0
Raiganj 104,357 8.9
Sherpur 228,519 19.5
Manohardi 204,319 17.5
Daudkandi 28,373 24
District
Chandpur/Comilla 632,398 54.1
Sirajganj 104,357 8.9
Sherpur 228,519 19.5
Narshingdi 204,319 17.5

! Information on education missing for 0.01 (161) participants; 2 Information on occupation missing for
0.06 (746) participants.

A total of 38 fatal suicide and 57 non-fatal suicidal events were recorded in the past one year
and six months prior to the survey, respectively (Table 2). In rural Bangladesh, the estimated rates of
fatal and non-fatal suicidal behavior were 3.29 per 100,000 PYO and 9.86 per 100,000 PYO. Suicide
rates were found to be higher among the younger population specifically the adolescents compared
to the adults and the elderly. The rates were highest among 15-17 year olds (11.3 per 100,000 PYO),
followed by 18-24 year olds (7.5 per 100,000 PYO) and 3.52 per 100,000 PYO among young adolescents
(aged between 10-14 years old). There was no difference in the rates of fatal suicidal behavior
comparing males and females of all ages, and the gender ratio (male-to-female) was 1.18. The rates
did not vary much by marital status and no definitive pattern in suicidal behavior was observed
by education or wealth quintile. The rate was highest among those who had completed 10 years of
education or had no education, and among those belonging to the middle wealth quintile. The suicide
rate was found to be high among the transport workers (17.66 per 100,000 PYO), but was similar
among other occupations, ranging from 3.38 in skilled labors to 4.80 in those involved in agricultural
activities. Geographically, suicide rates were found to be higher in Raiganj and Manohardi Sub-districts
in Northern Bangladesh compared to the sub-districts of Matlab situated in central Bangladesh.
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Table 3 presents stratified analysis of suicide rates by age and sex. Among males, suicide rates
are highest among the 15-17 year olds followed by 10-14 year olds, whereas among females the rates
are highest among the 15-17 year olds and 18-24 year olds. The rates of suicide are higher in females
among 15-24 year olds than in males of the same age group. The rates are, however, higher in males
for 10-14 and 25-64 year olds.

Table 3. Suicide rates by age and sex, rural Bangladesh.

Male Female
Age Mortali Mortali
Group - ortality . ‘s ortality .
(Year) PYO Suicide Rate/100,000 Confidence PYO Suicide Rate/100,000 Confidence
(n) PYO Interval (CI) (n) PYO Interval (CI)

<10 122,970 0 0.00 117,769 0 0.00

10-14 72,339 4 5.53 1.51-14.16 69,510 1 1.44 0.04-8.02
15-17 33,156 3 9.05 1.87-26.44 28,815 4 13.88 3.78-35.54
18-24 57,909 3 5.18 1.07-15.14 75,339 7 9.29 3.74-19.14
25-64 236,636 9 3.80 1.74-7.22 269,712 5 1.85 0.60-4.33

65+ 36,556 1 2.74 0.07-15.24 33,189 1 3.01 0.08-16.79
Total 559,566 20 3.57 2.18-5.52 594,335 18 3.03 1.79-4.79

In contrast to suicide rates, the rates of non-fatal suicidal behavior were highest among individuals
aged 18-24 year olds (19.53 per 100,000 PYO), 25-64 year olds (13.46 per 100,000 PYO) followed by
15-17 year olds (12.92 per 100,000 PYO). The rates were highest in people involved in un-skilled labor
(32.87 per 100,000 PYO) and agricultural activities (21.23 per 100,000 PYO) and more common in people
belonging to the bottom three wealth quintiles. Non-fatal suicidal behavior was also evident among
women who were widowed, divorced or separated (10.45 per 100,000 PYO), which was not present in
the case of suicide. Along with Raiganj (21.31 per 100,000 PYO) and Manohardi (11.88 per 100,000 PYO)
sub-districts, the rates were also high in Matlab South (13.53 per 100,000 PYO).

Table 4 presents crude and adjusted IRR for fatal suicide and non-fatal suicidal behavior
among respondents aged 15 years or more in the study. The significant factors associated with
fatal suicidal behavior in the adjusted model included age, and geographical region (Table 4).
The adjusted risk of fatal suicidal behavior was clearly higher, by six and four times among the
15-17 year olds (IRR 6.31, CI 1.35-29.32) and 18-24 year olds (IRR 4.04, CI 1.56-10.47) respectively,
compared to those aged between 25-64 years old. In addition, the risk was significantly higher in
the Narshingdi district (IRR 2.89, CI 1.26-6.65) compared to Chandpur/Comilla district. Although
transport workers were more likely to commit suicide compared to skilled labor, the relationship
was not significant in the adjusted model. In addition, adjusted analysis only among adolescents
aged between 10-17 year olds revealed that the risk of fatal suicidal behavior was 22 times higher
among those who were married compared to those who were never-married (IRR 22.06, CI 3.70-131.63)
(Supplementary Materials Table S1).

Table 4. Unadjusted and adjusted analysis for fatal suicidal behavior by socio-demographic and
geographical factors, rural Bangladesh.

Unadjusted Adjusted
Characteristics : :
Incidence Rate o Incidence Rate o
Ratio (IRR) 95% C1 Ratio (IRR) 95% CI
Age (in years)
15-17 4.09 ** 1.64-10.12 6.31% 1.35-29.32
18-24 2.71% 1.2-6.11 4.04% 1.56-10.47
25-64 Reference Reference
65+ 1.04 0.24-4.56 1.48 0.32-6.87
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Table 4. Cont.

Unadjusted Adjusted
Characteristics i i
Incidence Rate o Incidence Rate o
Ratio (IRR) 95% €1 Ratio (IRR) 95% Cl
Sex
Male 1.05 0.53-2.08 0.87 0.29-2.56
Female Reference Reference
Education
No education 2.81 0.36-21.75 5.48 0.56-53.10
Primary complete (five years) 1.50 0.17-12.83 227 0.22-22.62
Secondary complete (10 years) 4.15 0.54-31.25 4.04 0.49-32.97
Secondary and above Reference Reference
Occupation
Agriculture 1.40 0.33-5.84 0.99 0.22-4.45
Business 0.00 0.00
Skilled labor Reference Reference
Unskilled labor 1.25 0.13-12.01 1.20 0.12-11.82
Transport worker 5.14* 1.03-25.48 4.25 0.82-21.82
Students 2.89 0.76-10.88 1.86 0.32-10.67
Retired /Unemployed /Housewife 0.95 0.27-3.33 0.62 0.13-2.87
Children (Under 12 years) 0.00 0.00
Others (NA) 0.00 0.00
Marital Status
Married 0.68 0.31-1.47 3.60 0.92-14.06
Never-married Reference Reference
Widowed/Divorced/Separated 0.00 0.00
Wealth quintile
Lowest Reference Reference
Second 0.76 0.20-2.83 0.76 0.20-2.85
Middle 1.55 0.52-4.61 1.71 0.55-5.26
Fourth 1.44 0.48-4.28 1.61 0.51-5.07
Highest 0.92 0.28-3.01 1.03 0.28-3.71
District
Chandpur/Comilla Reference Reference
Sirajganj 2.48 0.87-7.02 2.32 0.77-6.88
Sherpur 1.19 0.41-3.37 0.97 0.33-2.89
Narshingdi 2.83* 1.24-6.42 2.89* 1.26-6.65

*p < 0.05;* p < 0.01.

The two factors that were significantly associated with non-fatal suicidal behavior in both the
adjusted model among respondents aged 15 years or older included occupation and districts (Table 5).
Compared to those involved in skilled labor, students were found to have a significantly lower
risk (adjusted) of non-fatal suicidal behavior (IRR 0.21, CI 0.04-1.00). People living in Sherpur were
found to be at significantly lower risk compared to those living in Chandpur/Comilla sub-districts
(IRR 0.28, CI 0.08-0.94). Although, the risk of non-fatal suicidal behavior was twice among
people living in Sirajganj district compared to those living in Chandpur/Comilla districts (IRR 2.10,
CI 1.01-4.36) in the unadjusted model, the relationship was not significant in the adjusted model.
Among adolescents aged 10-17 years, the risk of non-fatal suicidal behavior (adjusted) was 16 times
higher among those involved in unskilled labor compared to students (IRR 15.75. CI 1.35-184.52)
(Supplementary Materials Table S2).
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Table 5. Unadjusted and adjusted analysis of non-fatal suicidal behavior by socio-demographic and

geographical factors, rural Bangladesh.

Unadjusted Adjusted
Characteristics : :
Incidence Rate o Incidence Rate o
Ratio (IRR) 95% CI Ratio (IRR) 95% CI
Age (in years)
15-17 0.97 0.34-2.72 1.01 0.25-4.03
18-24 1.46 0.77-2.77 1.31 0.59-2.91
25-64 Reference Reference
65+ 0.44 0.10-0.82 0.49 0.11-2.18
Sex
Male 1.07 0.63-1.84 0.63 0.24-1.67
Female Reference Reference
Education
No education 1.91 0.44-8.35 1.59 0.31-8.02
Primary complete (5 years) 2.23 0.51-9.75 1.60 0.45-2.00
Secondary complete (10 years) 2.71 0.64-11.55 2.28 0.66-3.03
Secondary and above Reference
Occupation
Agriculture 1.15 0.46-2.87 1.49 0.56-3.97
Business 0.18 0.02-1.43 0.20 0.03-1.69
Skilled labor Reference Reference
Unskilled labor 1.87 0.56-6.21 2.25 0.66-7.68
Transport worker 0.63 0.08-5.10 0.78 0.10-6.38
Students 0.41 0.10-1.54 0.21* 0.04-1.00
Retired /Unemployed /Housewife 0.69 0.31-1.53 0.57 0.19-1.72
Children (Under 12 years) 0.00 0.00
Others (NA) 0.00 0.00
Marital Status
Married 0.72 0.39-1.37 0.55 0.22-1.38
Never-married Reference Reference
Widowed /Divorced /Separated 0.58 0.17-2.04 0.6 0.13-2.86
Children < 12 years 0.00
Wealth quintile
Lowest Reference Reference
Second 1.27 0.53-3.00 1.17 0.49-2.80
Middle 1.15 0.48-2.71 1.12 0.46-2.71
Fourth 0.98 0.40-2.35 0.99 0.40-2.45
Highest 0.77 0.30-1.94 0.82 0.30-2.19
District
Chandpur/Comilla Reference Reference
Sirajganj 211% 1.02-4.34 2.06 0.96-4.42
Sherpur 0.31 0.09-1.01 0.28 * 0.08-0.94
Narshingdi 1.34 0.68-2.63 1.34 0.67-2.66

The most common method of suicide was hanging (59%) followed by poisoning (31%), burn
(5.1%), drowning (2.6%) and exsanguination (2.6%). These frequencies were reversed for non-fatal
suicidal behavior, where poisoning (71.93%) was the most common method followed by hanging
(22.81%), implying that the survival rate was higher among those who attempted to use poisoning as
the method. Pesticides were the most commonly used poisoning material (62.7% in case of non-fatal
suicidal behavior and 83% in case of fatal suicidal behavior). About two-thirds of the cases undertook

*p <0.05,*p<0.01.
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the events at home followed by in-laws and other’s house (about one-fifth) and only a small proportion
of cases chose public places for the event. There were no differences in the methods and place by
gender and the pattern was similar.

4. Discussion

This paper set out to explore the epidemiology of fatal and non-fatal suicidal behavior in rural
Bangladesh. The estimated rates of fatal and non-fatal suicidal behavior were 3.29 and 9.86 per
100,000 PYO, respectively. The significant factors associated with fatal suicidal behavior included age,
marital status and geographical region, whereas the two factors that were significantly associated with
non-fatal suicidal behavior were occupation and districts.

The estimated rate for fatal suicidal behavior was 3.29 per 100,000 PYO (3.25 per 100,000 population per
year), whereas the rate for non-fatal suicidal behavior was 9.86 per 100,000 PYO (4.87 per 100,000 population
per six months) indicating that approximately 5000 people lost their lives to suicide and another
15,000 attempted a non-fatal suicide event in 2013. This rate for fatal suicidal behavior was, however,
two times lower than the overall rate presented in the Global Health Estimates for 2012 [1] and almost
four times lower than the rate of suicide in rural Bangladesh reported by Mashreky et al. [10]. Perhaps,
this may be because the current data is only representative of rural Bangladesh, and significant
differences may exist in suicide rates between urban and rural populations in Bangladesh. In addition,
the rates are lower than that of other Asian countries such as China (9.8) [8], India (22.0) [9], South Korea
(31.0), Japan (24.0), Sri Lanka (23.0), Taiwan (17.6), and Hong Kong (13.8) [5,8]. The rural rates in several
of these Asian countries, including China, India, Sri Lanka, Japan, and Taiwan have been found to be
higher compared to urban rates [5,8,9]. Disaggregation by gender and age reveals further disparity in
urban-rural rates in these countries. Several contextual factors have been described to contribute to the
increased risk of suicide in rural areas, including socio-economic and cultural differences, availability
and accessibility to services, access to means, and, community attitudes towards mental illness and
care-seeking [17-19] The rates presented for different countries should be interpreted with caution
since only a few countries in the world have good vital registration or data collection systems that help
obtain high quality data. For example, estimates in countries such as Hong Kong, Japan, Malaysia,
Singapore, South Korea, and Taiwan are considered to be more reliable compared to countries such
as China, India, Thailand and Sri Lanka [5]. The situation is further complicated by issues such as
stigmatization and illegality that result in misclassification and under-reporting of suicide and suicidal
attempts. It must be noted that Bangladesh is predominantly a Muslim country with not only strong
religious sanctions against suicide and suicidal attempts but also has punitive laws against attempted
suicide (Bangladesh penal code, 1860).

The gender gap (male to female ratio) for suicide was very low at 1.2. The findings contrast with
High Income Countries (HIC), where suicide rates for males are about 3—4 times higher than those for
females but similar to other Low and Middle Income Countries (LMICs) where the gender gap is low
(1.6) [2,4,20,21]. Several Asian countries such as China, Hong Kong, Japan, India, Taiwan, Singapore,
and Sri Lanka also have a lower gender ratio although there is some evidence that the gap may be
increasing [5,7,8,22,23]. There are many potential reasons for different suicide rates in men and women:
gender equality issues, differences in socially acceptable methods of dealing with stress and conflict
for men and women, availability of and preference for different means of suicide, availability and
patterns of alcohol consumption, and differences in care-seeking rates for mental disorders between
men and women.

Our study also revealed that risks of fatal and non-fatal suicidal behavior were higher among
the young, including the adolescents especially those 15-17 year olds, and young adults 18-24 year
olds. The rates of suicide varied by age and sex with female 15-24 year olds individuals to be more
likely to commit suicide compared to their male counterparts. Several studies in Bangladesh have also
attempted to highlight this issue indicating that the young people, and not the elderly, are particularly
vulnerable to injuries including self-harm and suicide in the country [12,13,24-27]. Despite this, there
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has been no study in Bangladesh that has aimed to determine the factors influencing high suicide rates
among adolescents and young adults.

We conducted separate regression analysis among adolescents age 10-17 years and found early
marriage to significant stressor for suicide, which explains why the suicide burden affect the female
adolescents more. Such high suicide rates among adolescent women may be because of early and
forced marriage, marital abuse related to dowry, and complete lack of opportunity for advancement
and development coupled with the tendency to impulsive behavior and actions that is typical of young
adolescents. Several studies, particularly in the West and developed regions, indicate that marriage is
protective [28-31], while others in many developing countries indicate that it is a significant source of
abuse and stress, particularly for the women, leading to higher psychiatric morbidity, suicidal ideation
and suicide [9,32-39]. Our study did not find marriage to be protective of suicide for women of all
ages. In addition, we found non-fatal suicidal behavior rates to be higher in adolescents who were
involved in unskilled labor compared to those who were students. Psychological, familial, social,
and cultural factors risk factors that have been identified to influence adolescents to commit suicide
include low socio-economic and educational status, family history of suicide, parental separation,
divorce, or death, poor relationship with family and peers, social contagion, prevalence of psychiatric
disorder, psychological stressors, sexual abuse, substance abuse, social deprivation, and availability of
high lethality methods (e.g., guns) [27,40-42]. Another emerging issue is the media representation of
suicidal behavior including the modern internet that have been found to have substantial influence on
the vulnerable including adolescents in some Asian countries [40,43].

Although not significant, the rates of fatal and non-fatal suicidal behavior were very high
among agricultural workers and unskilled labor. Compared to skilled laborers students were,
however, found to have lower rates of non-fatal suicidal behavior. This needs further attention
and research since several studies have indicated that acute life stressors and poor educational status
are significantly associated with higher rates of fatal and non-fatal suicidal behavior [5,21,44,45].
A variation was also seen geographically where fatal and non-fatal suicidal rates were found to be
more in Sirajganj and Narsingdi districts of the country indicating the need to provide attention to
particular socio-demographic or other factors in the regions.

Studies reporting methods of suicide indicate that availability of and accessibility to methods
influence the choice of the method and act as factor in increasing overall fatal and non-fatal suicidal
events [46]. As such, the common suicide methods not only vary by age and sex but also shift with the
availability /restriction of new methods and technologies [47]. Globally, ingestion of pesticide, hanging
and firearms are among the most common methods of suicide, whereas poisoning and hanging has
been found to be most common in Asia [2,5,7,47,48]. Our study findings are consistent with those
in Asia and reports hanging followed by poisoning to be the most common methods for suicide.
For non-fatal suicidal behavior, the most common method was poisoning followed by hanging. Rural
economy in Bangladesh is predominantly agricultural where availability of pesticides is rampant and
unregulated. Several studies have indicated that, despite some challenges, means restriction through
legal regulations, safe storage, awareness could be an important strategy for controlling fatal and
non-fatal suicidal behavior at the population level [43,46,49,50]. For example, restrictions on the import
and sales of pesticides in Sri Lanka resulted in reductions in suicide in both men and women of all
ages with 19,769 fewer suicides occurring in 1996-2005 compared to 19861995 [51]. In addition to
this research on suicide prevention also indicates the need for national strategy and community based
approaches focusing on targeted groups [52,53]. The application of findings of prevention studies
from other countries should be interpreted with caution given the unique sociocultural context of
Bangladesh, and implementation research on suicide prevention in the country is required.

Limitations and Challenges

The study was conducted in rural Bangladesh and might not be generalizable for the country as
risk factors might be very different in urban Bangladesh. Our study findings are generalizable to rural
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Bangladesh and similar settings in other low and middle income countries The fatal and non-fatal
suicide rates, especially for non-fatal suicidal behavior, may be underreported due to challenges in
data collection, recall bias, stigmatization and for punitive reasons. Given that information obtained
from the head of the households may be subject to recall and social desirability biases, and to avoid
stigma and likely legal punishments, suicide (especially of children and adolescent females) may be
underreported, leading to biased fatal and nonfatal suicide rates. Contemporaneous and real-time
death review/social autopsy may provide less biased estimates. Although mental illness is widely
accepted as a risk factor of fatal and non-fatal suicidal behavior, our study was not designed to elicit
any information on mental illness.

5. Conclusions

This study has made an attempt to provide updated information on the burden of suicide and
suicidal attempts from a population census that covered almost 1.2 million rural people in five districts
of the country. We conclude that suicide is a serious public health problem in Bangladesh especially
among the high-risk individuals such as adolescent women and married women; some of the factors
associated with completed and attempted suicide are similar or vary compared to other Asian and
LMIC countries. Considering the context, where resources and services for suicide identification,
treatment and support are limited, there is a need to develop targeted national strategies and action
plans, prevention programs and conduct further research to learn more about the constraints and
reduce the rate of suicide and its associated risk factors. Strategies to uplift the status of women
in rural Bangladesh, such as creating opportunities that would improve financial independence,
programs to create awareness of mental health issues and access to mental health treatment among
married adolescent women, are among a few potential paths to take to address the huge public health
burden of suicide. Further research to adequately characterize the burden of suicide and the gender
disparities in suicide and attempted suicide rates in the country are needed. Implementation research
on community-based prevention strategies, such as counseling/support groups and mental health
awareness, is also needed to support the development of a national strategy.

There is also an urgent need to establish reliable systems to continuously collect data on suicide
in Bangladesh that will help interested agencies to measure the social and economic burden needed to
drive the establishment and implementation of effective suicide prevention programs in the country.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/9/1032/s1,
Table S1: Unadjusted and adjusted analysis of suicide among participants aged 10-17 year olds by socio-
demographic and geographical factors, rural Bangladesh. Table S2: Unadjusted and adjusted analysis of attempted
suicide among participants aged 10-17 year olds by socio-demographic and geographical factors, rural Bangladesh.
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Abstract: Each year, approximately 265,000 deaths occur due to burns on a global scale. In Bangladesh,
around 173,000 children under 18 sustain a burn injury. Since most epidemiological studies on burn
injuries in low and middle-income countries are based on small-scale surveys or hospital records,
this study aims to derive burn mortality and morbidity measures and risk factors at a population level
in Bangladesh. A household survey was conducted in seven rural sub-districts of Bangladesh in 2013
to assess injury outcomes. Burn injuries were one of the external causes of injury. Epidemiological
characteristics and risk factors were described using descriptive as well as univariate and multivariate
logistic regression analyses. The overall mortality and morbidity rates were 2 deaths and 528 injuries
per 100,000 populations. Females had a higher burn rate. More than 50% of injuries were seen in
adults 25 to 64 years of age. Most injuries occurred in the kitchen while preparing food. 88% of all
burns occurred due to flame. Children 1 to 4 years of age were four times more likely to sustain
burn injuries as compared to infants. Age-targeted interventions, awareness of first aid protocols,
and improvement of acute care management would be potential leads to curb death and disability
due to burn injuries.

Keywords: burns; epidemiology; Bangladesh; risk factors; low and middle-income countries

1. Introduction

Burns account for approximately 265,000 deaths each year on a global scale, with a huge
preponderance in low- and middle-income countries (LMICs) [1]. The death rate due to burns is
11 times higher in LMICs compared to high-income countries (HICs) [2]. Burn injuries mostly occur
due to heat transfer from hot liquids (scalding), cooking flames, and sometimes due to exposure to
chemicals, electricity, and ionizing radiation [3]. Systematic reviews summarizing studies conducted in
the South East Asian subcontinent have identified young age, female gender, poor socioeconomic status
and low educational level as major risk factors for burn related injuries and death [4-6]. Some studies
have also shown that adolescents and younger adults are at even higher risk of suffering from burn
injuries in LMIC, compared to children [7]. Unlike HICs, where preventive measures, first aid and
burn care management have been instrumental in curbing burn associated disabilities and fatalities,
LMICs are still struggling to address the prevention and management of burn injuries in an efficient
manner [8]. In many LMICs, individuals still prefer to treat burn injuries at home (using various
mixtures of urine and mud, cow dung, beaten eggs, etc.), thus delaying presentation to a health care
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facility. Limited resources and dearth of trained personnel in health care facilities also pose major
challenges in the appropriate treatment of burn injuries in LMIC [3,8].

Bangladesh is no exception to the burn scenario in South East Asia. Almost 173,000 children in
Bangladesh suffered from burn injures in 2003, making it the 5th leading cause of childhood illness in
the country [9]. Low socioeconomic status, illiteracy or low educational level, crammed housing spaces,
and certain cultural practices are shown to increase risk for burn injuries in LMIC settings [10,11].
Additional risk factors are decreased parental supervision for young children; man-made cotton textiles
for clothing, and major female involvement in the kitchen, which explains higher, burn morbidity
among females than males [12].

Most data available to indicate the burden of death and disability due to burns in Bangladesh are
based on small population-based surveys or hospital registries [5,9]. There is a lack of recent large-scale,
population-based data that could describe the burden of burn related injuries in Bangladesh and
subsequently identify the issues contributing to burn mortality and morbidity. This paper aims to
provide an indication of the epidemiology of mortality and morbidity due to burn injuries across all
population demographics in rural Bangladesh and re-evaluate the risk factors associated with the risk
of burn related disabilities and fatalities using data available from a large population level baseline
survey conducted in rural Bangladesh in 2013.

2. Materials and Methods

A baseline census was conducted in 2013 as part of an injury prevention intervention study,
“Saving of Lives from Drowning (SoLiD)” in seven sub-districts (Upazilas) of rural Bangladesh to
establish epidemiological characteristics of fatal and non-fatal injuries [13]. The sub-districts were
purposively selected because of their higher risk for childhood drowning. The study was implemented
with support from two local organizations, Center for Injury Prevention and Research, Bangladesh
(CIRPB) and International Center for Diarrheal Disease Research, Bangladesh (icddr,b). The seven
selected sub-districts were Raiganj, Sherpur, Manohardi, Matlab South, Matlab North, Daudkandi,
and Chandpur Sadar.

The census covered 993 villages, 270,387 households and a population of approximately 1.2 million
in 51 Unions of the seven selected sub-districts. Household members were interviewed on a one-on-one
basis (typically one member responded on behalf of one household) to retrieve required information
using questionnaires developed and tested for the SoLiD study. Data collection was done in two
stages. The first round collected general demographic information on all members of a household as
well as any record of injury in the past six months and deaths in the past one year. If an individual
reported a particular injury mortality or morbidity event during the first round of data collection,
an injury specific form was used to obtain detailed information about the injury and death in a second
round of data collection. Injury was defined as any external harm resulting from an assault, fall, cut,
burn, animal bite, poisoning, transportation of goods and persons, operating machinery, blunt objects,
suffocation, and (near) drowning resulting in the loss of one or more days of normal daily activities,
schools, or work [13].

All records of fatal and non-fatal burn injuries were retrieved from the primary database for
current analysis. All data were de-identified. Fatal and non-fatal burn injuries were analyzed separately.
Descriptive analyses were conducted for demographic and socioeconomic characteristics. For burn
injuries, summary statistics were presented based on location (home, work place, and others), intention
(unintentional, assault, violence or suicide), source of injury (flame, hot liquid/solid, explosive or
chemical) and condition of the individual immediately after an injury. Analyses were also carried out
to describe the duration and severity of disability due to burn injury. Both mortality and morbidity
rates have been reported.

Unadjusted and adjusted logistic regression models were run to describe the risk factors of
non-fatal burn injuries in rural Bangladesh. The variables used in the logistic regression models were
gender, age, educational level, occupation, marital status and socio-economic status (SES). Unadjusted
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logistic regression models used each of these variables as a single predictor for non-fatal burn injuries.
Adjusted logistic regression model included all variables in one model. Age was categorized into eight
groups. Sex was considered as a binary predictor (male as reference group). Educational, occupation
and marital status were categorical variables and SES was considered as five ordinal categories (from
lowest to highest).

Age was found to modify the odds of having a burn injury with regards to other variables.
Thus additional analyses were conducted for children under nine years of age and individuals 10 years
and older separately to adjust for the modification. For children under 10 years of age, adjusted logistic
regression model considered only age, gender and socio-economic status. (Supplementary Table S1)
Results have been presented for individuals above 10 years of age. Estimated odds ratios for the odds
of burn injury have been presented.

Ethical Statement

All subjects gave informed consent for inclusion before they participated in the study. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the
Ethics Committee of Johns Hopkins Bloomberg School of Public Health, Center for Injury Prevention
and Research, Bangladesh and International Center for Diarrheal Disease and Research, Bangladesh.
Ethical approval was provided by the Johns Hopkins Bloomberg School of Public Health (approval
code—00004746).

3. Results

The baseline survey covered a total population of 1,169,594 in the seven sub-districts of rural
Bangladesh (Table 1). The overall population comprised of about 51% females (1 = 601,919). About
43% (508,059) of the study population was 25 to 64 years of age. Approximately 35% (1 = 409,923)
received education at primary level. Almost 35% (n = 408,583) of the study population was either
retired, unemployed, or was housewives. The majority of study participants were married (49%,
n = 571,206). The population was almost equally distributed across the SES quintiles (lowest 18%,
low 19%, middle 20%, high 21% and highest 22%).

Table 1. Socio-demographic characteristics of fatal and non-fatal burns injury patients.

All Population Fatal Burn Injuries Non-Fatal Burns
(N =1,169,594) (N =25) (N =6142)
Characteristics . .
Mortality Morbidity
N %) N ) Rate/1,000,000 N ) Rate/100,000
Upazila
Matlab North 265,897 (22.7) 5(20.0) 18.8 1019 (16.6) 385.3
Matlab South 209,772 (17.9) 3(12.0) 14.3 1103 (18.0) 528.6
Chadpur Sadar 128,356 (11.0) 0(0.0) 0 347 (5.7) 271.6
Raiganj 104,357 (8.9) 6 (24.0) 57.5 932 (15.2) 898.2
Sherpur 228,519 (19.5) 6 (24.0) 26.3 1378 (22.4) 606.1
Manohardi 204,319 (17.5) 4 (16.0) 19.6 1150 (18.7) 566.2
Daud Kandi 28,373 (2.4) 1(4.0) 35.2 213 (3.5) 755.8
Sex
Male 567,674 (48.5) 2(8.0) 35 1787 (29.1) 316.5
Female 601,919 (51.5) 23 (92.0) 38.2 4355 (70.9) 727.5
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Table 1. Cont.

All Population Fatal Burn Injuries Non-Fatal Burns
(N =1,169,594) (N =25) (N =6142)
Characteristics . .
Mortality Morbidity
N %) N (%) Rate/1,000,000 N (%) Rate/100,000
Age
<1 year 22,141 (1.9) 0(0.0) 0 92 (1.0) 4274
1-4 years 90,523 (7.7) 0(0.0) 0 1121 (18.3) 1243.3
5-9 years 139,728 (12.0) 0(0.0) 0 574 (9.4) 4111
10-14 years 142,121 (12.2) 1(4.0) 7.0 377 (6.1) 265.4
15-17 years 62,098 (5.3) 1 (4.0) 16.1 208 (3.4) 335.2
18-24 years 133,534 (11.4) 4 (16.0) 29.9 701 (11.4) 525.5
25-64 years 508,059 (43.4) 6(24.0) 11.8 2932 (47.7) 579.2
65+ years 71,389 6.1) 13 (52.0) 182.1 167 (2.7) 244.6
Education
No education 295,314 (25.3) 17 (68.0) 230.3 1538 (25.0) 526.8
Primary 407,923 (34.9) 4 (16.0) 39.2 1753 (28.5) 430.8
Secondary 289,658 (24.8) 3(12.0) 41.4 1443 (23.5) 499.3
A levels 45,618 (3.9) 0(0.0) 0 176 (2.9) 386.7
College 13,526 (1.2) 0(0.0) 0 38 (0.6) 281.8
Advanced/professional degree 4729 (0.4) 1(4.0) 845.8 11 (0.2) 234.0
Not applicable (Under 5) 112,664 9.6) 0(0.0) 0 1183 (19.3) 1059.2
Occupation
Agriculture 104,956 9.0) 1(4.0) 38.1 234 (3.8) 2254
Business 61,661 (5.3) 0(0.0) 0 147 (2.4) 239.7
Skilled labor (Professional) 89,151 (7.6) 1(4.0) 449 263 (4.3) 296.0
Unskilled /domestic (Unskilled) 24,520 (2.1) 0(0.0) 0 72 (1.2) 295.1
Rickshaw /bus (Transport worker) 17,037 (1.5) 0(0.0) 0 47 (0.8) 276.6
Students 312,537 (26.7) 1(4.0) 12.8 922 (15.0) 295.2
Retired /unemployed /housewife 408,583 (35.0) 22 (88.0) 2154 3059 (49.8) 754.1
Not applicable (children) 144,454 (12.4) 0(0.0) 0 1369 (22.3) 954.6
Not applicable (others) 5948 (0.5) 0(0.0) 0 28 (0.5) 484.3
Marital status
Married 571,206 (48.8) 11 (44.0) 77.0 3358 (54.7) 591.5
Never married 227,319 (19.4) 3(12.0) 52.8 622 (10.1) 2739
Divorced 3220 0.3 0(0.0) 0 8(0.1) 250.2
Widowed 53,096 (4.5) 10 (40.0) 753.4 239 (3.9) 462.8
Separated 2717 0.2) 0(0.0) 0 16 (0.3) 592.2
Others (children under 12) 312,035 (26.7) 1(4.0) 12.8 1899 (30.9) 610.7
SES quintiles
Lowest 211,601 (18.1) 4(16.0) 18.9 1254 (20.4) 596.4
Low 218,695 (18.7) 9 (36.0) 41.1 1166 (19.0) 535.8
Middle 238,371 (20.4) 6 (24.0) 25.2 1199 (19.5) 505.6
High 247,716 (21.2) 3(12.0) 12.1 1258 (20.5) 510.5
Highest 253,210 (21.7) 3(12.0) 11.9 1265 (20.6) 502.3

3.1. Fatal Burn Mortality Characteristics

There were 25 deaths due to burn injuries among the population surveyed, with a mortality rate

of 21 deaths per 1,000,000 people (95% CI: 14-32 per 1,000,000) (Table 1).

Deaths due to burn injuries (92%) were predominantly seen in females, and were significantly
higher than deaths in males. Elderly people above 65 years of age bear the burden of burn related
deaths. Burns were most commonly seen in individuals who did not have any formal education
(68%). Retired or unemployed individuals as well as housewives suffered the highest proportion (88%,
N = 22) of burn deaths among other employments. Low (36%) and middle-income (24%) households
had the highest burden of fatal burn injuries (Table 1). Deaths due to burns were seen mostly in the
winter months (Figure 1). Over half (56%) of the injuries occurred in the kitchen. More than half (52%)
of the deaths occurred in the home while 36% occurred in the hospital. Flame injuries (88%) were most
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common, various sources of flame being cooking fire, heating fire and the kerosene lamp. Two deaths
occurred as a result of coming in contact with hot cooking and bathing water (Table 2).

Fatal Burns by Months
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Figure 1. Fatal and non-fatal burn injuries across the months.

Table 2. Distribution of fatal and non-fatal burns injuries.

L. Fatal Injuries Non-Fatal Injuries
Characteristics
N (%) N (%)
Place of injury
Bedroom 7 28 273 4.44
Kitchen 14 56 4385 71.39
Veranda 1 4 32 0.52
Yard 3 12 729 11.87
Others - - 644 11.78
Item causing injury
Flame 22 88 1555 25.32
Hot liquid 2 8 3472 56.53
Hot object 0 0 1003 16.33
Explosive 0 0 19 0.31
Chemical 0 0 30 0.49
Other 1 4 63 1.03
Place of death
Home 13 52
On the way to hospital ! 1 4 } )
Hospital 9 36
On the road 2 2 8

! died while being transported to a hospital; > did not receive any form of emergency medical assistance.

3.2. Non-Fatal Burn Morbidity Characteristics

A total of 6142 burn related incidents occurred among the approximately 1.2 million people
surveyed. The morbidity rate due to burn injuries was 529 injuries per 100,000 populations (95% CI:
517-542 per 100,000). As seen with burn related deaths, more females (71%) had non-fatal burn injuries
than males. Higher propensity for burn injuries was seen in children 1 to 4 years of age (18.25%),
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and adults 25 to 64 years of age (48%), across both sexes (Figure 2). Similar to observations regarding
fatal burn injuries, retired or unemployed individuals and housewives had higher prevalence of
non-fatal burn injuries, accounting for almost half of all burn related non-fatal outcomes. Almost half
of all burn injuries occurred in married people. Non-fatal burn injuries were almost equally distributed
across all socioeconomic strata. Unlike deaths due to burns, non-fatal burn injuries occurred mainly in
the summer months, with highest propensity in the months of July and August (Figure 1). Almost
all burns were unintentional and more than a third (78%) occurred in the kitchen. Contact with hot
liquids causing scalds (57%), such as cooking oil appeared to cause the greatest number of burn injuries.
Other sources were flame (25%), contact with hot objects (16%), explosives and chemicals. The majority
of the cases occurred while preparing food for the household (Table 2).

2500
2000
2500
2000

Female

1300 —Male

1000

- M
1)

<yt -4yt SO9yr 10-14yr 15-17yr 18-24yr 25-6d4yr 65+ yr

Frequency of non-fatal burn injuries

Figure 2. Distribution of Non-fatal burn injuries across age and gender.

An injury severity index was calculated, using indicators such as anatomic and physiologic
profiles of an injury, post injury immobility, post-injury hospitalization, surgical treatment, post-injury
disability, number of days an individual required assistance, and the number of days lost at work or
school. Each of these indicators was classified as binary variables. A principle component analysis
(a linear combination of a set of variables to explore the underlying structure of those variables as
pertaining to a common factor or factors) was applied to summarize the eight indicators into a single
index of severity. The scores for all recorded non-fatal injuries were categorized into tertiles—low,
medium and high. Results showed that 71% of burn cases had low severity. Only 4% of the individuals
had been severely injured by burns [14] (Table 3).

Table 3. Injury severity index for non-fatal burn injuries.

Non-Fatal Injuries

Injury Severity N (%)
Low 4283 69.73
Medium 1499 24.41
High 245 3.99

Compared with children 10-14 years of age, adolescents and young adults 15 to 24 years of
age had higher odds of sustaining non-fatal burn injuries. Adults 25 to 64 years of age were twice
(95% CI: 1.97-2.44) as likely to have non-fatal burn injuries compared with 10-14 years olds. Female
participants had more than three times higher chance of burn injuries compared to males (OR = 3.62,
95% CI: 3.36-3.89). The higher the level of education, the lower the risk was for sustaining a non-fatal
burn injury. When compared to married people, widowed and never married individuals were at
lesser odds of sustaining a burn related injury. Individuals from the lowest socioeconomic level had
significantly higher odds to suffer from a burn injury than any other socioeconomic strata (Table 4).

Adjusted logistic regression including all variables (age, sex, education, occupation, marital status
and socioeconomic quintiles) showed that the level of education, occupation and socio-economic
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status was not significantly associated with an amplified risk of burn injury, holding all other factor
constant. The ORs did not change meaningfully for age, gender, and marital status while holding
other covariates constant. Compared with their respective reference groups, female gender (OR 3.18),
and marital status (being married) were found to be at higher odds for non-fatal burn injuries. The
lowest SES quintile had higher odds of facing a burn injury when compared with all other four SES
quintiles, while adjusting for other covariates (Table 4). Children 1 to 4 years of age were 4.4 (95% CI:
3.37-5.63) times likelier to sustain burn injuries than infants. There was no gender difference in the risk
of sustaining a burn injury for children under 9 years of age. Similar association was seen between the
risk of sustaining burn injury and socio-economic status among children under 9 years of age as was
seen with older individuals, i.e., the higher the socio-economic status, the lower the risk of sustaining
a burn injury. Multivariate regression analysis showed increasing age and lower socio-economic
status as associated with higher risk of sustaining a burn injury. Gender had no significant association
(Supplementary Table S1).

Table 4. Unadjusted and adjusted analysis of non-fatal burn injury by age group, sex, education,
occupation, marital status and SES quintiles.

Characteristics Unadjusted Adjusted
OR 95% CI p Value OR 95% CI p Value
Age group
10-14 years Reference group Reference group
15-17 years 1.26 1.07-1.49 <0.001 1.08 0.89-1.32 0.381
18-24 years 1.98 1.75-2.25 <0.001 1.05 0.86-1.29 0.618
25-64 years 218 1.97-2.44 <0.001 1.02 0.83-1.27 0.830
65+ years 0.92 0.77-1.11 0.378 0.52 0.39-0.68 <0.001
Sex
Male
Female 3.62 3.36-3.89 <0.001 3.18 2.83-3.58 <0.001
Education

No education

Primary 0.79 0.73-0.85 <0.001 0.87 0.80-0.94 0.001
Secondary 091 0.84-0.98 0.012 0.92 0.84-0.99 0.049
Alevels 0.71 0.60-0.82 <0.001 0.86 0.73-1.03 0.105
College 0.51 0.37-0.71 <0.001 0.88 0.49-0.95 0.025
Advanced/professional degree 0.43 0.24-0.76 0.005 0.60 0.33-1.10 0.102
Occupation
Agriculture
Business 1.06 0.86-1.29 0.51 1.06 0.87-1.32 0.562
Skilled labor (Professional) 1.31 1.10-1.56 0.003 119 0.99-1.43 0.062
Unskilled /domestic (Unskilled) 1.29 0.99-1.69 0.06 1.11 0.85-1.46 0.420
Rickshaw /bus (Transport worker) 1.22 0.89-1.67 0.21 1.19 0.87-1.63 0.269
Students 3.37 2.95-3.85 <0.001 1.12 0.72-1.14 0.407
Retired /unemployed /housewife 1.42 20.79-2.54 0.25 0.91 1.01-1.43 0.035
Marital status

Married
Never married 0.46 0.42-0.50 <0.001 0.65 0.55-0.76 <0.001
Divorced 0.42 0.21-0.84 0.02 0.34 0.17-0.67 0.002
Widowed 0.78 0.69-0.89 <0.001 0.68 0.58-0.78 <0.001
Separated 1.00 0.61-1.64 1.00 0.78 0.47-1.28 0.334
Others (children 10-12) 0.41 0.34-0.48 <0.001 0.58 0.45-0.76 <0.001

SES quintiles

Lowest
Low 0.94 0.85-1.04 0.01 0.98 0.89-1.08 0.685
Middle 0.93 0.84-1.02 <0.001 0.96 0.87-1.06 0442
High 0.94 0.79-0.92 <0.001 0.98 0.89-1.04 0.745
Highest 0.95 0.78-0.91 <0.001 0.98 0.89-1.08 0.687
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4. Discussion

Based on this large-scale cross-sectional data, the mortality rate due to burn injuries was 21 per
1,000,000 populations in rural Bangladesh. The majority of fatalities were seen in children between
one and four years of age and the elderly above 65 years of age, as has been reported in previous
studies from South Asia [15,16]. Similarly, burn injury mortality was higher among female participants
in our study [17-19]. Non-fatal burn injury is quite high in this population (528 people in every
100,000 population).

The study highlighted the disproportionate distribution of non-fatal injuries in select Upazilas in
Bangladesh. This finding came as a surprise for the research team as well and on further exploration,
no substantial evidence could be found to support the imbalance. This leaves scope for future research
work to study these variations, which could possibly generate some best practices from Upazilas to be
translated into others with a higher proportion of burn injuries.

Most fatal burn injuries occurred in the winter season. The seasonal variation seen in the
distribution of fatal and non-fatal burn injuries can be related to the need for prolonged heating
during the winter months. When used for long durations of the night, heat sources such as coal
and wood put inhabitants at higher risk of death due to burns [20—22]. Non-fatal injuries displayed
different seasonal patterns, and injuries were high during the summer and monsoon months. This is
likely attributed to domestic, or occupational activities, such as cooking or working with machinery,
that have shorter contact spans and a lower threshold to cause burn deaths. When it comes to location,
most burn incidents occurred in the home, mainly in the kitchen. Flames and scalds were the most
common cause of burns deaths and non-fatal injuries respectively. Similar results were seen in previous
studies from Bangladesh and surrounding countries such as India, Sri Lanka, Pakistan, and Nepal
possibly due to the use of unsafe cooking stoves with open fire and lack of safe practice of fuels such
as petroleum and butane across regions of South Asia [16,23-28]. A study conducted in Bangladesh
covering both urban and rural populations reported electrical burns to be the most common cause of
burn injuries [29]. However, since this study was strictly limited to rural regions and did not explore
electrical burns, there is scope for further research to tease out the generalized burden of burn injuries
in Bangladesh.

Female participants were twice as likely to suffer from burn injuries across all age groups. A study
showed that even though boys were more vulnerable to unintentional injuries across all ages, girls
were more susceptible to fire related injuries [30]. Similar results as seen in this study were observed in
various parts of India, Pakistan, Sri Lanka and Nepal [15,28,31,32]. Cultural and societal norms denote
females as majorly responsible for preparing meals in kitchens, which makes them more susceptible to
fire injuries. Also, loose clothing, floor level cooking and crammed housing spaces increase risk for
sustaining burn injuries among women [11,33].

The lowest socio-economic level was seen to sustain most burn injuries. Another study from
Bangladesh showed that children from poor families were almost 3 times more likely to die following
a burn injury as compared to children from other socio-economic levels [30]. A systematic review
studying various socio-economic factors for the risk of burn injuries reported low income, lack of
education, unemployment, crowded and sub-standard living situations, among others to increase risk
of burn injuries [34]. In addition, injury severity due to burns has been reported to be higher with
reduced SES [35].

This study provides valuable information in terms of analyzing and describing burn injuries in
rural Bangladesh. To our knowledge, most studies conducted in LMICs are based on hospital registries
and police records. It is likely that a large number of burn mortality and morbidity are not recorded.
By conducting a large-scale, household-level survey, this current study is much more representative of
the true burden, thus less likely to underestimate the burden of burn injury. Household-level surveys
also helped account for bias incurred by facility-based surveys, such as reporting bias, bias in age
groups, and bias induced by SES.
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The study also has some limitations. This set of analysis is based on cross-sectional data, therefore
cannot support causal association. The covariates selected for regression models were based on
program implementation experience and previous literature. This study still cannot pinpoint ‘true’
causes of burn injuries, but rather, helps identify potential determinants. Second, despite including
seven Upazilas, the results still need to be interpreted with caution when it comes to external validity.

However, since the study covered predominantly rural locations in Bangladesh, the results may
not be applicable to the urban Bangladeshi population. Studies need to be conducted in both urban
and rural settings to measure variations in the burden of mortality and morbidity due to burn injuries.

5. Conclusions

Rural Bangladesh faces a major public health concern in the face of significant prevalence of
burn related mortalities and morbidities. Young children and adults are more at risk of sustaining
a burn related injury. Females across all age groups are more prone to have a burn injury in their lives.
The kitchen environment at homes is most commonly the place of a burn incident. Modifications
in a kitchen setup, use of safe cook-stoves and heating sources, complete barricading of the cooking
area to prevent contact with children and burn injury prevention educational programs for women
are some relevant interventions that may be implemented in rural Bangladesh with involvement
from communities to reduce burn related accidents and deaths and thereby reduce the loss of
subsequent school and work hours. Age-targeted interventions, awareness of first aid protocols,
and improvement of acute care management would also be potential leads to curb death and disability
due to burn injuries.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/4/381/s1,
Table S1: Unadjusted and adjusted analysis of non-fatal burn injury by age group, sex and SES quintiles for
children under 9 years of age.
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Abstract: The Developmental Study is part of a larger intervention on “saving of lives from
drowning (SoLiD)” where children were enrolled either into créches (daycare centers) or playpens to
prevent drowning in rural Bangladesh. Sampling ~1000 children between the ages of 9-17 months,
we compared problem-solving, communication, motor and personal-social outcomes assessed by
the Ages and Stages Questionnaire in the two interventions. After controlling for variables such
as home stimulation in multivariate regressions, children in creches performed about a quarter of
a standard deviation better in total scores (p < 0.10) and 0.45 standard deviations higher in fine motor
skills (p < 0.05). Moreover, once the sample was stratified by length of exposure to the intervention,
then children in creches performed significantly better in a number of domains: those enrolled the longest
(about 5 months) have higher fine motor (1.47, p < 0.01), gross motor (0.40, p < 0.05) and personal-social
skills (0.95, p < 0.01) than children in playpens. In addition, children in créches with the longer exposure
(about 5 months) have significantly higher personal-social and problem-solving scores than those in
creches with minimum exposure. Enrollment in creches of very young children may be positively
associated with psychosocial scores after accounting for important confounding variables.

Keywords: cognitive; psychosocial; creche; daycare; child development; Bangladesh; Ages and Stages
Questionnaire (ASQ); early childhood development (ECD); early childhood care (ECC)

1. Introduction

Early stimulation improves developmental outcomes among young children and these outcomes
last over long periods [1-3]. Interventions aimed at children in their early years also yield greater
returns than programs that intervene later [4,5]. Early childhood education and care is thus
a policy priority given the potential benefits that early cognitive and other stimulation can have on
children’s problem-solving, communication, motor and personal-social outcomes, and the associated
economic and social benefits that may arise at a population level [6].

As such programs become more popular, their designs and contributions to cognitive and
behavioral outcomes in varied settings are still uncertain. What types of child-focused programmatic
activities will have positive psychosocial outcomes in a particular setting? This is an area of active
research [7]. Early child care (ECC) programs in low-and-middle-income countries (LMICs) have only
been evaluated recently. These programs have tended to include components on improved nutrition,
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cognitive stimulation, and cash transfers [8,9]. The cognitive stimulation components have entailed
home-visitation programs or counseling sessions where the focus is on at-risk children and training of
caregivers [1,5,8,10]. High quality studies that describe ECC programs aimed at large populations of
children in institutional settings outside the United States are limited [8,9].

More than a third of children between the ages of 3 and 4 years in LMICs are estimated to have
either low cognitive or socio-emotional scores, or both [11]. Bangladesh has been very successful in
achieving high primary and secondary enrollment rates, with primary school completion doubling in
the last 30 years. However, the country does not have a formalized early childhood development plan.
As part of its skill development agenda, and to help equalize learning opportunities, Bangladesh is
prioritizing a focus on building cognitive and behavioral skills in early childhood via center-based
early learning [12].

ECC provided in out-of-home institutional settings (center-based care) is an unusual offering in
low-income settings [9]. In Bangladesh, about 23 percent of children 3-5 years old were attending
early childhood education in 2009 [13]. In comparison, in Organization for Economic Co-operation
and Development (OECD) countries, about 82 percent of children 3-5 years old were enrolled in
pre-primary education in 2011 [14,15]. In addition, about one-third of children between 0-2 years in
OECD countries were in some kind of formal care, and these rates are increasing [14,15]. Recognizing
the importance of early education, national policy is now shifting towards children between 3-5 years
of age (referred to as pre-primary school age). While center-based care in a number of settings has
shown high returns [5], child outcomes have largely been found to be associated with the quality of
day care centers that form part of the ECC programs [16]. In addition to the low coverage of ECC
programs in LMIC settings, the quality of most programs is often poor and the cognitive stimulation
involved may not be developmentally appropriate, resulting in poor child outcomes [7].

2. Background on the SoLiD Program

The Saving of Lives from Drowning (SoLiD) project is one of the largest child drowning prevention
projects undertaken in a LMIC. It aimed at enrolling around 80,000 children between 9-36 months
in 51 unions (the local geographic administrative boundary) and 7 sub-districts in rural Bangladesh.
The SoLiD project included two main interventions to prevent childhood drowning in rural Bangladesh.
The first involved the use of playpens as a supervisory aid to prevent children 9-36 months from
drowning [17,18]. The second intervention involved the enrollment of children 9-36 months into
a créche during the period of the day when they are most at risk of drowning [17]. The quality of
execution of the SoLiD project was high, with fidelity to the initial design, and the outcomes on
drowning have been promising [17,18].

Children in creches under the SoLiD project (referred to as “anchal”, meaning refuge in Bangla)
experienced a wide variety of psychosocial stimulation that was provided to them by créche mothers
who underwent a series of trainings and were given a variety of materials for stimulating the children.
It is natural, therefore, to investigate how children enrolled in the creche program gained from such
inputs, and whether they experienced improvements in psychosocial outcomes. The goal of this paper
is to describe the Developmental Study that was designed to investigate children’s psychosocial
outcomes and to discuss preliminary results from the baseline survey conducted during 2015.
More broadly, the study provides a unique opportunity to examine the early effects of enrollment in
créeches among a large group of rural children in a LMIC.

The creche program under the SoLiD project was designed to be an intensive experience that
exposes children (aged 9-36 months and followed up to 48 months) to developmentally appropriate
cognitive stimulation. The curriculum was designed by Bangladesh-based child psychologists
(to reflect the local context) and included social activities such as story telling, song and dance,
and information on personal hygiene and nutrition. Learning included instruction on counting and the
rural Bangladesh environment including the geography, flora and fauna. All learning and instruction
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took place in the local Bangla language. Age-appropriate toys and reading materials based on the local
context were also made available.

The creches operated from 9 am. to 1 p.m. six days a week. They were community based,
and were run by a creche mother and her assistant who together supervised 15 to 30 children
(a staff-child ratio was about 1:12-1:15). Créche mothers were trained by master trainers who in
turn were trained by the child specialists who designed the curriculum. To ensure local ownership of
the creche, the creche mother, her assistant, the location of the créche and other details were decided by
a local village committee with support from the project staff. Parent—teacher meetings were regularly
organized, and the village committee with support from project staff had oversight over the running
of the créches. Project staff also supervised the activities of the créeche mothers and assistants to assure
quality and to provide refresher’s training as needed.

The children in the playpens spent an average of 20 min continuously in the playpen per use, and
the playpens were used about three times per day. Hence, the total time spent in the playpens was
60 min per day for seven days in a week. The playpens were most often placed inside the house (84% of
cases) and less frequently in the yard (14%). Although no program-based psychosocial stimulations
were provided for children in the playpens, caregivers/family members were expected to continue to
interact and supervise the children while they were in the playpens. Only one child was allowed in
a playpen.

The SoLiD project is thus opportune to examine the influence of an ECC program with a focus
on stimulation and early developmental outcomes in a low- and middle-income setting. The project
aims to monitor psychosocial outcomes for a sample of children under both the creche and playpen
interventions for at least two years. The objective of this paper is to understand the association between
an ECC program with a focus on cognitive stimulation and children’s psychosocial outcomes in rural
Bangladesh within a short timeframe—only a handful of rigorous studies looking at this association
come from LMICs (and none are from outside Latin America) [9].

3. Methods

3.1. Design, Participants and Recruitment

This Developmental Study was nested within the larger SoLiD project and involved participants
from two (Matlab North and Matlab South) of the seven sub-districts covered in the SoLiD project.
Based on a census established for the SoLiD project [17], it identified a total of 7571 children between
9-17 months in March 2015 in these two sub-districts at baseline. Villages were randomly allocated
into two areas for the larger SoLiD project: Area 1 had children who received playpens while Area 2
had children being enrolled into the créches at baseline. The 7571 children across both Areas 1 and 2
were our source population for the developmental study.

In this paper, we describe initial differences that emerged across the two groups. We exploit the
design feature that children in both groups experienced varying lengths of exposure as the program
was rolled out. Specifically, the difference in dose response is examined, between children randomly
enrolled in the playpen (control) and créche (treatment) groups in relation to how long they were
exposed to the interventions.

Eligibility criteria for inclusion in the Developmental Study were that (1) children are between
9-17 months when interviewed; (2) they were enrolled into the SoLiD program on or after 1 January
2015 so that a true baseline is obtained (i.e., exposure to the program was limited); and (3) up to
30 children per village were selected (to prevent an unbalanced design). We calculated a sample
size of 1200 (600 in each of Areas 1 and 2) to have a power of 80% to detect a conservative change
in psychosocial outcome scores between children under the creche intervention in Area 2 and those
receiving the playpen in Area 1 (this was based on the difference in raw scores and standard deviations
observed in other studies in Bangladesh) [19]. We also accounted for the multi-year intervention,
correlation between measures over time, and a 20% loss to follow-up while estimating this target

70



Int. ]. Environ. Res. Public Health 2017, 14, 1130

sample size. The sample of children was selected using a cluster random sampling technique without
replacement. To ensure a total of about 600 children in each arm, we assigned each village a random
number in Area 1 and Area 2. We then selected up to 30 children from the villages that were randomly
chosen until a total of 600 children was selected from each Area.

3.2. Description of Variables

The Ages and Stages Questionnaire (ASQ-3) is a screening tool developed for children
between 1 to 66 months of age [20]. It is widely used in the United States to identify potential
developmental delays by parents [21]. The version implemented in this study was translated into
Bangla and adapted to the local context by a leading expert in child development who was on the
team. The adaptations were made to reflect relevant examples for the Bangladeshi context during
the assessment while preserving the original questions from the ASQ. Related to five domains,
the questions in the ASQ-3 assessed a child’s gross motor, fine motor, communication, problem
solving and socioemotional development. The extended version, which consists of 12 questions for
each domain, was used; the questions were age-specific and arranged in age bands of two months.

Questions in the ASQ-3 were addressed to parents by trained testers. It took an average of 90 min
to conduct an assessment per child. Parents could respond with yes, sometimes, or no (respectively
scored as 10, 5 or 0)—12 questions were asked in each domain for a total of 120 points. Table 1
below illustrates each domain with a sample question from the 9-month and 18-month questionnaire.
For some questions, the tester actually tested if the child could perform a certain task (indicated by
‘test’). In addition, some questions overlapped and were asked across age categories.

Table 1. Sample questions from ASQ-3 for each domain based on age.

Domain 9 Months 18 Months
i, When you ask your child to point to her nose,
Communication If you call your baby when you are out of sight, eyes, hair, feet, ears, and so forth, does she

does she look in the direction of your voice?

correctly point to at least seven body parts?

Gross motor

Does your baby roll from her back to her tummy,
getting both arms out from under her?

Does your child jump with both feet leaving the
floor at the same time?

Fine motor

Does your baby reach for small things (the size
of a peanut/pea/puffed rice) and touch it with

Does your child use a turning motion with her
hand while trying to turn doorknobs, windup

her finger or hand? toys, twist tops, or screw lids on and off jars?

After she watches you draw a line from the top
of the paper to the bottom with a crayon (or
pencil or pen), does your child copy you by
drawing a single line on the paper in any
direction? (Scribbling back and forth does not
count as “yes.”) (Test)

If a toy falls from her hand while on her back, if

Problem solving she could see the toy, does she try to reach for it?

When playing with either a stuffed animal or a
doll, does she pretend to rock it, feed it, change
its clothes, put it to bed, and so forth?

When in front of a large mirror, does your baby

P 1-social K
ersonal-socia reach out to pat the mirror? (Test)

A number of relevant control variables were included in the analyses based on a previous
study in Bangladesh which suggests that these variables are important measures of health and
wellbeing and are relevant for developmental assessment of children in the Bangladesh context [19]:
the child’s gender, age at testing, Family Care Indicators (FCI), household asset index, head
circumference, mother’s weight, child’s weight, disability, and exposure. The FCI is a standard set of
seven questions around items that the child plays with or interacts with in the home. Each response
was coded as yes or no and the total number of responses was added up on a scale of seven (where
each ‘yes’ was recorded as one). The questions referred to items that were home-made and bought,
but also household materials that were used by the child at home over the last month to play music,
color or draw, assist in pretend play, encourage movement, learn shapes, or build blocks. Length of
exposure was calculated as time between the date of enrollment of the child into the SoLiD program
and the date of interview for the Developmental Study. For the analysis, children were allocated into
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one of three equal groups based on how much their length of exposure had been (minimum, medium
and maximum exposure).

The outcome scores were standardized as z-scores. Unadjusted bivariate associations were first
examined between children receiving the playpens and those in creches for their test scores (both
raw and z-scores) and other background characteristics using t-test, chi-square and ordinary least
square regressions. Ordinary least square regressions were then estimated for each ASQ domain
comparing z-scores for children in the creches with those in the playpens while controlling for relevant
characteristics (all control variables were added simultaneously). To account for the sample design,
site-specific clustered standard errors (at the village level) and fixed-effect estimates were used to
improve estimates. The cluster adjustment was also used to account for the likelihood of children from
better off households being located in better neighborhoods/villages, and thus being exposed to better
quality teachers, equipment, and lower creche mother—child ratios within creches. Sensitivity analyses
were done based on length of exposure to the intervention (either creche or playpen), and the marginal
change in outcomes was assessed based on increased exposure.

All testers underwent a two-week training session and inter-observer reliabilities were conducted.
Inter-observer reliabilities during data collection using intra-class correlations ranged from 0.93 to 1.0
for different subscales between each of the four testers and the supervisors. In addition, the supervisor
conducted (and cross-checked) 10% of the final surveys to ensure comparability and quality control.
Participation was voluntary and parents were provided with detailed human consent forms that were
explained to them in Bangla. Ethical approval (IRB No. 00004746) for this study was obtained from the
Johns Hopkins University and the International Center for Diarrheal Disease Research, Bangladesh
Institutional Review Boards.

4. Results

Description of Sample

A total of 1018 children were in the final analytic sample, they were interviewed between April
and September 2015 and full data was available for them. Of these, 510 children received just the
créche, while the control group consisted of 508 children who received just the playpen.

Of the original sample of 1435, a total of 417 were not included in the analysis for various reasons.
The ASQ score was not accessible for 280 children, socioeconomic measures were not collected for
59 children, and 42 children received both the playpen and creche—these were all excluded from the
analysis. In addition, 21 children came from villages with more than 30 children per village (21 children
were thus randomly selected and dropped, and balance across arms was checked to ensure not all
children were dropped from one arm). In the final analytic sample, for the treatment group, from
Area 2, 80 villages were selected, with village sizes of between 5-80 children. For the control group,
from Area 1, 108 villages were selected, with village sizes of between 5-88 children.

The sample was divided into three equal and non-overlapping groups based on length of exposure
to the interventions (minimum, average, maximum exposure). The average time between enrollment
and interview was found to be 24 days (0-2 months, or “about one month”) for children in the
minimum exposure category, and it was 72 days (2-4 months, or “about 2.5 months”) and 156 days
(4-8 months, or “about 5 months”) for the average and maximum exposure groups.

In the bivariate analyses, children in the playpen had higher scores than children in the creche
(Table 2). Without adjusting for the control variables, children in créches had significantly lower
scores on all the psychosocial dimensions compared to children receiving playpens. Enrollment in
créches was also associated with significantly lower FCI (at the 1% level) and asset index (at the 10%
level). While children in the creches were not different from children in the playpen in their weight or
prevalence of disability, they had slightly lower head circumference (significant at the 5% level) and
heavier mothers (significant at 1% level). Children in the creche also had much lower exposure to the
SoLiD intervention (significant at the 1% level). Children in creches were exposed to creches for about
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52 days on average compared with those in the playpen who have been exposed to playpens for about
115 days (a difference of about two months).

Table 2. Sample characteristics and differences between children in playpen and creche.

. Playpen (1 = 508) Creche (n = 510) Difference across
Variables : 1
Mean SD Min Max Mean SD Min Max Interventions?
Communication  78.76 18.82 0 120 7638 19.74 5 120 .
Gross motor 88.04 2267 10 120 8459 2337 0 120 >
Raw Scores Fine motor. 7436 1895 10 120 7135 19.7 0 120 *
Personal/social ~ 72.39 23.5 0 120 6726 2395 0 120 ek
Problem solving  78.72  20.31 10 120 7381 2032 10 120 o
Total score 392.27 7413 50 560 3734 7879 30 555 i
Communication 0.07 099 —419 261 —0.08 1 —3.38 2.09 .
Gross motor 0.07 096 —3.62 1.65 —0.08 1.04 —4.64 1.65 >
Fine motor 007 098 —4.06 246 —006 1 —3.74 233 *
ZScores  porsonal/social 009 101 295 243 01 1 298 243
Problem solving 0.1 1 —3.26 24 —-011 1 —3.37 214 o
Total score 011 098 —472 235 —01 1.01 —4.37 243 ok
Male 55.12 49.8
Age 1431 215 9 18 14.07 2.04 9 18
FCI 225 116 0 7 196 1.13 0 7 ek
Asset index 005 097 -—-272 37 —0.05 1.03 —3.56 2.88
Controls _ Head 4457 143 401 483 4435 14 40 484 *
circumference
Mother’s 7273 2612 19 999 7921 255 242 999
weight
Child's weight 885 1.29 5 15 876 137 52 18.5
Exposure (days) 11537 58.92 —131 243 5249 469 -210 188 o

Disability 876 05 6 9 877 0.54 5 9

Tt p < 0.01, ** p < 0.05, Two-sided t-tests were conducted for continuous variables and chi-square tests for
categorical variables.

In Table 3 below, we display results of ordinary least squares regressions that control for all
the variables shown in Table 2. Separate models were run for each domain of the ASQ test. After
controlling for relevant characteristics, children in the creche performed significantly better in fine
motors skills than children in the playpen (Table 3). On other dimensions such as communication,
gross motor, personal social and problem solving, there were no differences between the children
under the different arms. Child’s age and weight were significantly associated with ASQ scores for
selected domains. Younger children, and children with higher weights were associated with better
ASQ scores. The FCI was strongly associated with all domain scores and the total scores; a unit increase
in FCI was associated with a 0.4 standard deviation increase in scores (significant at 1% level).

Table 3. Coefficient estimates from multivariate linear regression models, regressing ASQ z-scores in
individual and household characteristics.

Variables @ @ ®) @ 5) 6)
ASQ Domain: Communication Gross Motor Fine Motor Personal/Social ~ Problem Solving Total Score
Créct 0.06 0.27 0.45* 0.14 —0.06 0.24*
reche (0.22) (0.22) (0.17) (0.16) (0.16) (0.13)
Bo —0.05 0.00 —0.08 —0.04 —0.04 —0.06
e (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
A 0.05 *** 0.08 *** 0.06 *** 0.07 *** 0.07 *** 0.09 ***
8¢ (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Famil indicat 0.27 0.22 % 0.32 0.35 *** 0.33 0.40 **
‘amily care indicator 0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
Household asset —-0.00 0.02 0.03 0.07 ** 0.04 0.04
Index (0.04) (0.04) (0.04) (0.03) (0.04) (0.04)
Child head 0.01 0.05 0.06 ** 0.08 ** 0.07 ** 0.07 **
circumference (0.03) (0.03) (0.02) (0.03) (0.03) (0.03)

Notes: *** p < 0.01, ** p < 0.05, * p < 0.10; Robust standard errors in parentheses; Village fixed-effects estimated.
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Table 3. Cont.

Variables £y @ ®) @ ®) ©
Mother’s weight ~0.00 0.01* 0.00 0.00 0.00 0.00
8 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
e 0.11 % 0.09 0.08 % 0.04 0.00 0.08 ***
Child’s weight ©0.04) (0.04) (0.03) (0.03) (0.03) (0.03)
Bxposue (Days) 0.00 0.00* 0.00 0.00 ~0.00 0.00
P ¥s (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Disability 0.14 0.33 %+ 0.07 0.07 0.11 020
) (0.09) (0.09) (0.08) (0.08) (0.08) (0.09)
c —2.98% —6.84 % —4.50 % —4.80 % —438 % —6.48 %
onstant (1.26) (1.55) (122) (1.41) 112) (1.30)
Observations 1018 1018 1018 1018 1018 1018
Number of villages 151 151 151 151 151 151
DF 9.00 9.00 9.00 9.00 9.00 9.00
Adjusted R-square 0.13 0.14 017 0.16 0.15 0.26
Rho 0.24 0.22 0.30 0.27 0.25 0.24

Notes: *** p < 0.01, ** p < 0.05, * p < 0.10; Robust standard errors in parentheses; Village fixed-effects estimated.

In the sensitivity analyses, for the adjusted relationship, longer exposure was associated with
larger differences in higher scores obtained for children in the créches (Table 4). Children in creches
who had been “maximally” exposed (about five months) had a 0.63 standard deviation higher total
score (significant at the 5% level) than children in the playpen for a similar length of exposure (Table 4).
They also had higher fine motor skills (1.47 standard deviations higher, significant at the 1% level), and
better gross motor skills (0.40 standard deviations higher, significant at the 5% level). These children
are also reported to have better personal/social skills than children in the playpen who have been
enrolled for the same amount of time (0.95 standard deviations, significant at the 1% level). Total scores
(in column 6) increase from —0.59 to 0.63, and so do all other scores except fine motor skills that fall
from 1.79 to 1.47 standard deviations. The largest difference between these two groups is in problem
solving, where it is —1.57 among children with the minimum exposure but —0.07 among children with
maximum exposure.

Table 4. Coefficient estimate for Creche intervention from multivariate linear regression models,

regressing ASQ z-scores in individual and household characteristics, stratified by length of exposure

to intervention.

Length of Exposure: Minimum Exposure (About One Month)
63} @) G) @ 5) ©)
. o Gross Fine Personal/  Problem Total
ASQ Domain: Communication  yp o Motor Social Solving Score
Panel A R —0.19 —0.40 1.79 —-1.37 —1.57 % —0.59
Créche
098) (1.40) (1.20) (0.87) (0.74) (1.25)
Cons —434 —946% 874 —436* —568% 874
onstant @71 (231) (2.85) (2.57) (2.81) (2.66)
Observations 340 340 340 340 340 340
Adjusted R-square 0.14 0.16 018 018 0.19 0.28
Rho 044 046 065 0.60 057 0.44
Length of exposure: Medium Exposure (About 2.5 months)
Croch 090+ 024 111 0.54 1,04+ 0.60
reche (0.23) (0.24) (0.88) (1.37) (0.23) (0.62)
Panel B 5 294 —475% —361* 5307 7754 68244
Constant (1.94) (2.68) (2.06) (247) (1.75) (2.19)
Observations 341 341 341 341 341 341
Adjusted R-square 0.19 0.16 020 0.20 021 0.30
Rho 043 026 038 039 050 0.28
Length of exposure: Maximum Exposure (About 5 months)
Croch —0.41 040 % 147+ 095 %+ —0.07 0.63 %
reche (0.34) (0.18) (0.18) (0.34) (0.17) (0.24)
Panel C ) 201 644+ —412%  —674™ —0.85 —5.50
Constant (2.14) @71) @17) (2.39) (211) (1.85)
Observations 337 337 337 337 337 337
Adjusted R-square 0.10 013 018 017 0.13 0.25
Rho 032 031 053 038 031 035
Créche means significantly
different across Minimum and No No No Yes Yes No

Maximum exposure?

Notes: *** p < 0.01, ** p < 0.05, * p < 0.10; Robust standard errors in parentheses; Village fixed-effects estimated;
All variables in Table 1 are included in the regressions.
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5. Discussion

Children in créches had better total ASQ scores and fine motor skills compared to children
in the playpen controlling for relevant characteristics, and the longer that children spent in the
créche, the better they performed with respect to their total ASQ scores, gross motor, fine motor,
and personal/social scores.

About 30 developing countries had policies on early childhood development by 2005, however,
there are no rigorous studies (apart from a few from Latin America) that have looked at the effect
of daycare centers on child development outcomes [5,7,9]. The current study begins to address this
evidence gap and evaluates the benefits of early center-based care on child psychosocial outcomes.

Given the differences in FCI, household asset index and head circumference at baseline, it appears
that children enrolled in creches had some initial cognitive disadvantage as compared with children
enrolled in playpens. However, with exposure to cognitive stimulation under the créche intervention,
children had better psychosocial outcomes if they were in the program longer. For all domains assessed,
as children spend more time in the program those in the creches have higher scores over those in the
playpens. The contrast is clearest if we examine children who had the least exposure with those who
have had the maximum exposure (panels A and C in Table 4), and this is particularly true for the
problem-solving domain.

Out-of-home care for very young children in formal settings in low-middle-income countries
such as Bangladesh is an unusual experience. In wealthier countries, such institutions are a common
location for early childhood learning. In those settings, it has been established that the quality of day
care centers is most important in determining psychosocial outcomes [7,22]. In the current study,
we do not have measures for quality in the current study. We are aware, however, that extensive
efforts were made to ensure that the curriculum was designed based on context-relevant expert
guidance and that implementation of the program was of high quality [17]. Related to this concern,
it is unclear whether this creche program can be replicated in other settings. The SoLiD program
invested significant resources in ensuring the fidelity to initial design and maintaining the quality of
implementation. The study is limited in that current estimates are based on a relatively short time
frame. While the lack of data on quality of creches and the short observation period are important
limitations, additional information on these variables would improve external validity but the findings
remain robust given these limitations. The study also lacked a pure control group (i.e., those without
any intervention). However, it is not expected that the ASQ scores of children in the comparison group
(those in the playpens) will be different from those who do not receive any intervention given that no
program-based psychosocial stimulations were included for the playpen intervention and children
spent limited amount of time (less than one hour) in the playpen per day. The study implements an
unusual quasi-experimental design involving a much larger number of children (enrolled in a larger
number of creches) and more robust analyses than many other similar studies. Random treatment
assignment and sampling of creche and playpen villages, and including village fixed effects allows
us to control for the unobserved differences across villages (differences in socioeconomic status and
culture) that may also account for possibly different background characteristics of children in the
créches. Also, the sample for this study was inflated to accommodate 20% loss to follow-up (which is
close to the 19% attrition rate observed due to inability to apply the ASQ assessment).

Further assessment will be needed once the children have had additional exposure to the
interventions. It is also possible that parents over (under)-estimate their child’s ability as measured by
the ASQ [23]. However, the design feature of having a treatment and control, and also assessments
over time will attenuate this problem. There is no reason to believe that parents of children in creches
respond differently from similar parents of children in playpens with respect to underestimation.
However, other information biases are likely, given that the ASQ assessment is based on parental
report. For instance, parents of children under the creches may report better performance because they
understand that the creche is a form of preschool that is expected to improve their children’s learning
ability. The data collection was conducted without any reference to the interventions, and parents were
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encouraged to provide objective reports to accurately assess the wellbeing of their children. Moreover,
in some studies, parental reports of children’s language abilities or their temperament [3] were closely
related to their children’s scores assessed by testers on language and behavior respectively.

6. Conclusions

The current study provides a unique opportunity for a rigorous examination of the influence
of creches on children’s psychosocial outcomes in Bangladesh. The results from this assessment
indicate that children in the creche make greater gains over children in the playpen over a short period.
Further research is required to understand if these outcomes are sustained, what kinds of children
(for example, by gender, socioeconomic status) gain the most, and also what type of teachers or
institutional arrangements for daycare settings are most effective. However, this initial work supports
the positive impact of creches, even though these creches were primarily designed as a drowning
prevention strategy.
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Abstract: Non-fatal injuries have a significant impact on disability, productivity, and economic cost,
and first-aid can play an important role in improving non-fatal injury outcomes. Data collected from
a census conducted as part of a drowning prevention project in Bangladesh was used to quantify
the impact of first-aid provided by trained and untrained providers on non-fatal injuries. The
census covered approximately 1.2 million people from 7 sub-districts of Bangladesh. Around 10%
individuals reported an injury event in the six-month recall period. The most common injuries were
falls (39%) and cuts injuries (23.4%). Overall, 81.7% of those with non-fatal injuries received first
aid from a provider of whom 79.9% were non-medically trained. Individuals who received first-aid
from a medically trained provider had more severe injuries and were 1.28 times more likely to
show improvement or recover compared to those who received first-aid from an untrained provider.
In Bangladesh, first-aid for non-fatal injuries are primarily provided by untrained providers. Given
the large number of untrained providers and the known benefits of first aid to overcome morbidities
associated with non-fatal injuries, public health interventions should be designed and implemented
to train and improve skills of untrained providers.

Keywords: non-fatal injury; first-aid treatment; medically trained providers; untrained medical
providers; rural; Bangladesh

1. Introduction

Injuries are a relatively neglected health issue, [1-4] around 4.7 million people die annually
as a result of intentional and unintentional injuries which together account for 8.5% of all deaths
globally [5,6]. In 2010, an estimated 11% of the total cause of disability-adjusted life years (DALYs) was
attributed to injuries with over 90% of the DALYs lost occurring in low- and middle-income countries
(LMICs) [7,8]. Non-fatal injuries occur more often than fatal injuries and have a significant impact
on disability, productivity, cost of treatment and rehabilitation [9-11]. It has been forecast that the
magnitude of both non-fatal and fatal injuries will decline in high-income countries, but will continue
to be a significant cause of death and disability in the developing world over the next 20 years [1,8].
In LMICs, injuries account for about one third of all outpatient hospital visits [7,12]. Despite its overall
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significance, the burden of injuries in these countries has not yet been fully understood due to lack of
population-based data at a country level leading to inadequate preventive efforts, limited resources
and ill-equipped healthcare systems to address the issue [1,3,13].

In Bangladesh, sparse data exist to quantify the burden of injuries at the community level. The
2003 Bangladesh Health and Injury Survey (BHIS) indicated that injuries were the greatest killer for
children 1 to 18 years of age. According to the BHIS, over 30,000 Bangladeshi children died from injury
in 2004, about three children per hour [14]. Drowning, road traffic incidents, falls and burns are among
the most common causes of injury in Bangladesh [15,16].

Provision of first aid for injuries is a secondary preventive measures taken immediately after an
injury event by trained clinicians and first responders, resulting in better outcomes for injured victims.
The International Federation of Red Cross and Red Crescent Societies (IFRC) states that while first aid
is by no means a substitute for emergency health services, it is a pivotal primary step for providing
effective and rapid interventions to reduce serious injuries and increase the chances of survival [14].
To be most effective, first aid should be provided immediately after the event. For example, effective
bystander cardiopulmonary resuscitation (CPR) provided immediately after cardiac arrest can double
a person’s chance of survival as it helps maintain vital blood flow to the heart and brain [14]. Also,
the immediate application of running cold water for 20 min, can stop the burn process and positively
affect the outcome of burns [17,18]. Studies conducted in developed countries on non-fatal injuries
have reported first aid to play a significant role in reducing mortality rates [19]. In developing
countries, several studies have shown that first aid given by an untrained provider (e.g., caregiver,
bystander) or a trained provider is increasingly essential to reduce mortality as well as severity of
injuries [19-22]. Research on severe non-fatal injuries such as burns, blunt trauma and road traffic
incidents in high-income settings has found significant reduction in mortality rates when first aid
was applied [19,22,23]. Despite the large burden of injuries in LMICs and the importance of first
aid in decreasing injury severity and increasing survival, there is a dearth of research in LMICs like
Bangladesh around the subject [1,3]. Moreover, the few available studies in LMICs are hospital-based
and suggest that a significant proportion of patients with non-fatal injury events did not receive first
aid treatment from any health care facility [24]. Therefore, the objective of this study was to quantify
the impact of first aid provided by trained and untrained providers on severe, non-fatal injuries in
rural Bangladesh using population-based data collected from a baseline census conducted in 2013 as
part of a drowning prevention study.

2. Materials and Methods

2.1. Study Design, Area and Population

This paper is based on data collected as part of a large-scale implementation study, “Saving
of children’s Lives from Drowning” (SOLID) project [25,26]. A cross-sectional baseline census was
conducted over a period of six months (June to November 2013) prior to implementing a package of
drowning prevention interventions in seven rural sub-districts of Bangladesh. The baseline census
covered approximately 1.16 million people (based on the 2011 Bangladesh National Census) across
51 unions from Matlab North, Matlab South, Daudkandi, Chandpur Sadar, Manohardi, Raiganj and
Sherpur Sadar. Unions are the lowest administrative unit of local government in Bangladesh [27].

2.2. Questionnaire and Data Collection

The baseline census collected information on socio-demographic details, injury events, first aid
practices and health care seeking behaviors for all injury events and outcomes on all populations in
selected sub-districts. Data was collected using a structured, pre-tested questionnaire and consisted of
seven modules. Specific questions related to first aid practices and health care seeking behaviors were
considered in the injury morbidity (module V) and injury mortality (module VI) modules. All non-fatal
injury related information was collected over a six-month recall period; however, deaths were collected
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over a one-year recall period. Face-to-face interviews were conducted with the household head or any
household member 18 years and older to collect all required information. All the tools were written in
English and translated to Bangla and written informed consent was obtained from all respondents [27].
The survey was implemented such that the “don’t know” where later confirmed as a “no” based on
the follow-up questions asked by the interviewer. The instruction that was given to the interviewer
was that they needed to clarify if any treatment was obtained by the injured person, and all those who
responded no or don’t know were asked some follow-up questions such as if the injured was taken to
a hospital, or healthcare provider, or if any interventions was administered to help ascertain that they
in fact did not receive any treatment.

Non-fatal injury was defined as “any household member who sought treatment or lost at least one
working day or could not go to the school for at least one day due to any of injury events”. First-aid
treatment was defined as “any household member who received emergency care (from medically
trained or untrained provider) immediately after the injury and prior to full medical treatment, if
treatment was sought”. Health care seeking behavior was defined as “any household member who
sought first aid treatment or any type of surgical or medical intervention either from trained health
care provider or untrained provider”. Registered medical doctors and nurses were considered as
trained providers whereas any other person, such as friends, peers, village doctors, or relatives were
considered as untrained providers. Information on the treatment outcomes after first aid was also
obtained. For each participant reporting an injury event, an injury severity score was calculated
based on principal component analysis on eight variables—anatomic and physiologic profiles of an
injury, post injury immobility, post-injury hospitalization, surgical treatment, post-injury disability,
number of days an individual required assistance, and the number of days lost at work or school.
The injury severity scores were categorized into severity tertiles that correspond with low, medium
and high severity categories [27]. In addition, treatment outcomes were described for all non-fatal
hospitalized injuries, and these were categorized into no improvement, recovering or fully functional
and anatomic recovery. ‘Fully recovered’ is defined as anybody who has reported to have regained full
physiological and anatomical functionality of the part of the body that was injured. If the physiological
and anatomical functionality is better than when the injury took place, but not at the level experienced
prior to the injury, it was classified as ‘improving’. If the physiological and anatomically functionality
remains at the same level as it was during the injury, then it was categorized as ‘no improvement’. This
was a self-reported information obtained based on the perception of the injured individuals regarding
their state irrespective of their injury severity or whether they had received first aid or not.

2.3. Statistical Method and Analyses

Counts and frequencies of non-fatal injuries were calculated and categorized under each injury
severity categories: low, medium and high severity. The counts and frequencies under each injury
severity categories were further described by whether the individuals received first aid or not. Counts
and frequencies were calculated for those that received first aid, and these were described by age, sex,
external causes of injury, occupation, educational attainment, geographical area and type of provider
(medically trained compared to untrained).

For all injuries categorized under the high severity category and for which first aid was provided,
the association between treatment outcomes and types of service provider were assessed using
multivariate logistic regression models, and adjusted for key covariates including the external causes,
educational level, occupation, wealth quintile, age, sex and geographic area of each household member.
All estimations were reported as odds ratios (OR), with their respective 95% confidence intervals (CI).
Variable construction and estimations were done with statistical software STATA V.13 (Stata Corp.,
College Station, TX, USA).
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2.4. Ethical Approval

Ethical approval for the study was obtained from the Institutional Review Boards of the
Johns Hopkins Bloomberg School of Public Health, USA; International Centre for Diarrheal Disease
Research, Bangladesh and the Centre for Injury Prevention Research, Bangladesh (ethical approval
code: 00004746).

3. Results

Overall, 21.6% of the respondents were less than 10 years of age, 72.6% were 10 to 65 years of
age and only 5.9% were more than 65 years old (Table 1) [27]. Around 60% of the respondents had
received at least primary or secondary education. Around 78% were unemployed of which 27% were
students; employed individuals were involved in agricultural activities (9%), skilled work (7.7%) and
business (5.3%). The contribution of respondents by sub-district was Matlab North (22.8%), Matlab
South (18.2%), Chandpur Sadar (11.0%) of Chandpur district, Sherpur Sadar (19.4%) of Sherpur district,
Manohardi (17.3%) of Narshingdi district and Raiganj (8.8%) of Sirajgonj district.

A total of 1,159,966 individuals were included in the study of which 8.7% had sustained at least
one injury in the six months preceding the date of the interview (Table 2). The total number of non-fatal
injury events recorded were 115,385, of which 6.5% (1 = 76,469) were in the low severity tertile; 2.1%
(n =24,018) in medium and 1.3% (n = 14,898) were included in the high injury severity tertile.

Table 1. Socio-demographic characteristics of the rural population from seven sub-districts of
Bangladesh, 2013.

Characteristics n =1,159,966 %
Age (in years)
<10 years 250,173 21.6
10-14 years 141,725 12.2
15-17 years 61,939 5.3
18-24 years 133,161 115
25-64 years 504,850 435
>65 years 68,118 59
Sex
Male 562,721 48.5
Female 597,245 51.5
Education (1 = 1,159,815)
No education 291,021 25.1
Primary complete (5 years) 405,633 35.0
Secondary complete (10 years) 288,465 249
Secondary+ 63,595 5.5
Under 5 children 111,101 9.6
Occupation (n = 1,159,230)
Skilled labor (Professional) 88,645 7.6
Agriculture 103,387 8.9
Business 61,166 53
Unskilled /domestic (Unskilled) 24,327 2.1
Rickshaw /bus (Transport worker) 16,921 1.5
Students 311,587 26.9
Retired /unemployed /housewife 404,765 34.9
Not applicable (children & others) 148,432 12.8
Marital Status
Married (Reference) 566,268 48.8
Never Married 226,666 19.5
Widowed /Divorced /Separated 57,390 49
Not applicable 309,642 26.7
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Table 1. Cont.

Characteristics n =1,159,966 %
Wealth quintile
Lowest 209,500 18.1
Low 216,906 18.7
Middle 236,547 20.4
High 245,820 21.2
Highest 251,191 21.6
Sub-district
Matlab North 264,315 22.8
Matlab South 208,443 18.0
Chandpur Sadar 127,743 11.0
Raiganj 102,526 8.8
Sherpur Sadar 226,677 20.0
Manohardi 202,092 17.4
Daudkandi 28,170 24
District
Chandpur/comilla 628,671 54.2
Sirajganj 102,526 8.8
Sherpur 226,677 19.5
Narshingdi 202,092 17.4

Table 2. Number of individuals and non-fatal injury events by injury severity, 2013.

Number of Injury Events (1 = 1,173,974) Number of Individuals (n = 1,159,966)

Characteristics " % n %
No Injury 1,058,589 90.17 1,058,589 91.26
Non-Fatal Injury severity 115,385 9.83 101,377 8.74
Low 76,469 6.51 66,430 5.73
Medium 24,018 2.05 21,453 1.85
High 14,898 1.27 13,494 1.16

First aid from any provider was received for 81.7% (n = 94,232) of all recorded non-fatal injury
events and was slightly more frequent low (82.5%) or medium (81.5%) severity injuries compared to
injuries that were very severe (77.9%) (p value < 0.001) (Table 3). The proportion of people receiving first
aid from medically trained providers increased as the severity of the injury increased (p value < 0.001).
About 7.1% of those who received first aid from a medically trained provider were in the high severity
category, as compared to only 1.5% in the low severity category. The situation was reverse for those
receiving first aid from a non-medically trained provider —81.4% of those with low severity injury
sought care from a non-medical provider compared to 72.9% of high severity injuries. The difference
in obtaining first aid from both kinds of provider by severity category was found to be significant
(Table 3).

Table 3. Percentage of non-fatal injury events that received first-aid according to injury severity
categories, 2013.

Received First Aid 1 (%) ! Received First Aid from Medically Received First Aid from Non-Medically

Severity Trained Provider n (%) ! Trained Providers 1 (%) 1

Category Yes No Yes No Yes No
Low 63,058 (825) 13411(175) 1175 (L5) 75,294 (98.5) 62,282 (81.4) 14,187 (18.6)

Medium 19,572 (81.5) 4446 (18.5) 756 (3.1) 23,262 (96.9) 19,049 (79.3) 4969 (20.7)
High 11,602 (779) 3296 (221) 1053 (7.1) 13,845 (92.9) 10,858 (72.9) 4040 (27.1)
Total 94232 (81.7) 21,153 (18.3) 2984 (2.6) 112,401 (97.4) 92,189 (79.9) 23,196 (20.1)

1 All significant at p-value of <0.001.
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Among all injury severity categories, receiving first aid was more common for fall injuries (39%),
followed by cuts (23.4%) and injuries sustained from a blunt object (9.4%). Among those who received
first aid, just over half (52%) were aged 25-64 years, and 59.3% residents were from Chandpur and
Comilla districts (Table 4).

Table 4. The percentage of non-fatal injury events that received first aid by type of provider,
injury mechanism, socio-demographic and geographical factors among different non-fatal injury
severity categories.

Injury Severity Tertiles

Characteristics Low 1 (%) Medium 1 (%) High n (%) Total 1 (%)
n (Number of injury events
that received first aid) 63,058 (100) 19,572 (100) 11,602 (100) 94,232 (100)
External cause of injury
Attempted suicide 18 (0.0) 2(0.0) 19 (0.2) 39 (0.0)
Transport injury 3596 (5.7) 2079 (10.6) 1379 (11.9) 7054 (7.5)
Violence 1087 (1.7) 486 (2.5) 790 (6.8) 2363 (2.5)
Fall 22,685 (36.0) 7793 (39.8) 6288 (54.2) 36,766 (39.0)
Cut injury 16,815 (26.7) 4508 (23.0) 732 (6.3) 22,055 (23.4)
Burn 3948 (6.3) 1386 (7.1) 200 (1.7) 5534 (5.9)
Drowning 1778 (2.8) 59 (0.3) 600 (5.2) 2437 (2.6)
Unintentional poisoning 19 (0.0) 8(0.0) 39 (0.3) 66 (0.1)
Machine injury 566 (0.9) 270 (1.4) 133 (1.2) 969 (1.0)
Electrocution 401 (0.6) 74 (0.4) 190 (1.6) 665 (0.7)
Animal bite injury 5974 (9.5) 870 (4.5) 402 (3.5) 7246 (7.7)
Injury by blunt object 6064 (9.6) 2029 (10.4) 799 (6.9) 8892 (9.4)
Suffocation 107 (0.2) 8(0.0) 31(0.3) 146 (0.2)
Age (in years)
<10 years 12,865 (20.4) 3028 (15.5) 2428 (20.9) 18,321(19.4)
10-14 years 6324 (10.0) 1729 (8.8) 977 (8.4) 9030 (9.6)
15-17 years 2530 (4.0) 788 (4.0) 375 (3.2) 3693 (3.9)
18-24 years 5412 (8.6) 1624 (8.3) 787 (6.8) 7823 (8.3)
25-64 years 32,259 (51.2) 10,788 (55.1) 5936 (51.2) 48,983 (52.0)
>65 years 3668 (5.8) 1615 (8.3) 1099 (9.5) 6382 (6.8)
Sub-district
Matlab North 13,109 (20.8) 5592 (28.6) 3011 (26.0) 21,712 (23.0)
Matlab South 14,282 (22.7) 4356 (22.3) 2828 (24.4) 21,466 (22.8)
Chandpur Sadar 4416 (7.0) 2642 (13.5) 1487 (12.8) 8545 (9.1)
Raiganj 9507 (15.1) 1735 (8.9) 1233 (10.6) 12,475 (13.2)
Sherpur 9725 (15.4) 2026 (10.4) 1467 (12.6) 13,218 (14.0)
Manohardi 9077 (14.4) 2362 (12.1) 1211 (10.4) 12,650 (13.4)
Daud Kandi 2942 (4.7) 859 (4.4) 365 (3.2) 4166 (4.4)
District
Chandpur/Comilla 34,749 (55.1) 13,449 (68.7) 7691 (66.3) 55,889 (59.3)
Sirajgonj 9507 (15.1) 1735 (8.9) 1233 (10.6) 12,475 (13.2)
Sherpur 9725 (15.4) 2026 (10.4) 1467 (12.6) 13,218 (14.0)
Narshingdi 9077 (14.4) 2362 (12.1) 1211 (10.4) 12,650 (13.4)

The hospitalized non-fatal injured persons of high severity who received first aid were either
improving (62.6%) or had recovered (33.2%). The largest proportion of patients for all the outcomes
were 25 to 64 years of age and were male. Among the 108 severe non-fatal injury patients that reported
no improvement, only 8.3% saw a medically trained provider, while about two-thirds (65.7%) received
first aid treatment from an untrained provider. Of those cases with no improvement, almost two-third
was reported to have sustained injuries due to falls and road traffic incidents. Among the 1582 patients
that were reportedly improving, 930 (58.8%) went to untrained provider for treatment and only 234
(14.8%) received first aid treatment from medically trained providers. Falls (29.7%), transport injury
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(27.4%) and violence (21.4%) were the commonest mechanisms of injury reported among this group.
Of the 838 participants who recovered, only 160 (19.1%) received treatment from medically trained
provider and 479 (57.2%) went to untrained provider for first-aid treatment. The most common causes
of severe non-fatal injury among those who recovered were transport injuries (24.2%), falls (24.1%)
and violence (23.2%) (Table 5).

Table 5. The distribution of treatment outcomes by injury mechanism, socio-demographic and
geographical factors among severe non-fatal hospitalized injury patients.

Treatment Outcome

Characteristics No Improvement Improving Recovered

n % n % n %

Severe non-fatal hospitalized injury

events who received first aid 108 43 1582 62.6 838 332

Received first aid from Medically trained provider

No 99 91.7 1348 85.2 678 80.9
Yes 9 8.3 234 14.8 160 19.1
Received first aid from non-medically trained providers
No 37 343 652 412 359 4238
Yes 71 65.7 930 58.8 479 57.2
External cause of severe non-fatal injury
Attempted suicide 0 0.0 9 0.6 6 0.7
Transport injury 33 30.6 433 27.4 203 24.2
Violence 15 13.9 339 214 194 23.2
Fall 36 33.3 470 29.7 202 24.1
Cut injury 4 3.7 91 5.8 68 8.1
Burn 3 2.8 37 2.3 23 2.7
Drowning 0 0.0 14 0.9 17 2.0
Unintentional poisoning 0 0.0 7 0.4 7 0.8
Machine injury 2 19 31 2.0 18 2.1
Electrocution 2 1.9 25 1.6 21 2.5
Animal bite injury 2 1.9 38 24 29 3.5
Injury by blunt object 11 10.2 87 55 49 5.8
Suffocation 0 0.0 1 0.1 1 0.1
Age (in years)
<10 years 6 5.6 168 10.6 113 13.5
10-14 years 5 4.6 94 5.9 53 6.3
15-17 years 7 6.5 68 43 39 47
18-24 years 9 8.3 165 10.4 96 11.5
25-64 years 66 61.1 946 59.8 485 57.9
>65 years 15 13.9 141 8.9 52 6.2
Sex
Male 71 65.7 1099 69.5 598 714
Female 37 343 483 30.5 240 28.6
Sub-district
Matlab North 25 23.1 384 243 224 26.7
Matlab South 15 139 411 26.0 96 115
Chandpur Sadar 22 20.4 243 15.4 85 10.1
Raiganj 27 25.0 103 6.5 87 10.4
Sherpur 8 7.4 227 14.3 189 22.6
Manohardi 8 7.4 180 114 151 18.0
Daudkandi 3 2.8 34 2.1 6 0.7
District
Chandpur/Comilla 65 60.2 1072 67.8 411 49.0
Sirajgonj 27 25.0 103 6.5 87 104
Sherpur 8 74 227 14.3 189 22.6
Narshingdi 8 74 180 114 151 18.0
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Those non-fatal injury cases that had received first aid from a medically trained provider were
more likely to recover or were in the process of improvement compared to those who received first
aid from an untrained provider (OR 1.28; 95% CI 1.02-1.61) (Table 6). The chances of recovery were
significantly higher among patients in Sherpur (OR 2.05; 95% CI 1.62-2.60) and Narshingdi (OR 1.98;
95% CI 1.55-2.54) districts, as compared to Chandpur/Comilla districts. However, the odds of recovery
were less among those who received surgical intervention (OR 0.55; 95% CI 0.45-0.68), participants
aged 25 years of age and older compared to children 10 years of age or less (OR 0.55; 95% CI 0.33-0.92)
and among retired person/housewives compared to skilled laborers (OR 0.71; 95% CI 0.51-0.99).

Table 6. Multivariate analysis of treatment outcomes by trained provider among severe non-fatal
hospitalized injuries.

Treatment Outcome (1 = Recovered/Improving; 0 = No Improvement)

Characteristics Unadjusted Adjusted
OR 95% CI OR 95% CI

Received first aid from
trained provider

Yes 1.44% 1.16-1.79 1.28* 1.02-1.61
No Reference group Reference group

Surgical intervention

Yes 0.52* 0.43-0.63 0.55* 0.45-0.68
No Reference group Reference group

External cause of severe
non-fatal injury

Attempted suicide Reference group Reference group
Transport injury 0.6 0.22-1.64 0.613 0.22-1.72
Violence 0.78 0.28-2.14 0.902 0.32-2.52
Fall 0.55 0.20-1.52 0.652 0.23-1.83
Cut injury 1.00 0.35-2.85 0.975 0.34-2.82
Burn 0.77 0.25-2.36 0.650 0.21-2.05
Drowning 1.74 0.51-5.87 1.499 0.42-5.34
Unintentional poisoning 1.45 0.34-6.06 1.435 0.33-6.19
Machine injury 0.75 0.24-2.36 0.904 0.28-2.91
Electrocution 1.04 0.33-3.28 0.953 0.30-3.07
Animal bite injury 1.01 0.33-3.03 0.906 0.29-2.80
Injury by blunt object 0.63 0.22-1.80 0.776 0.26-2.28
Suffocation 1.45 0.08-26.26 1.406 0.08-26.17
Age (in years)
<10 years Reference group Reference group
10-14 years 0.81 0.54-1.21 0.78 0.48-1.25
15-17 years 0.73 0.47-1.14 0.68 0.39-1.19
18-24 years 0.83 0.59-1.16 0.73 0.43-1.23
25-64 years 0.71% 0.55-0.92 0.55 ** 0.33-0.92
>65 years 0.48* 0.33-0.69 045* 0.25-0.81
Sex
Male Reference group Reference group
Female 0.89 0.74-1.06 1.13 0.89-1.45
Wealth quintile
Lowest Reference group Reference group
Low 1.00 0.77-1.29 1.06 0.81-1.39
Middle 1.07 0.83-1.38 1.15 0.88-1.50
High 0.86 0.66-1.11 0.95 0.73-1.25
Highest 0.89 0.68-1.16 1.08 0.81-1.44
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Table 6. Cont.

Treatment Outcome (1 = Recovered/Improving; 0 = No Improvement)

Characteristics Unadjusted Adjusted
OR 95% CI OR 95% CI

District

Chandpur/comilla Reference group Reference group

Sirajganj 1.38 ** 1.02-1.87 1.29 0.94-1.78

Sherpur 216* 1.74-2.69 2.05* 1.62-2.60

Narshingdi 2.14* 1.69-2.71 1.98 * 1.55-2.54
Occupation

Skilled labor (Professional) Reference group Reference group

Agriculture 1.23 0.92-1.65 1.18 0.86-1.60

Business 0.97 0.68-1.37 0.97 0.68-1.39

Unskilled /domestic (Unskilled) 1.04 0.66-1.62 0.99 0.62-1.56

Rickshaw /bus (Transport worker) 1.32 0.87-2.01 1.30 0.84-2.01

Students 1.07 0.80-1.44 0.75 0.48-1.18

Retired /unemployed /housewife 0.71** 0.55-0.93 0.71** 0.51-0.99

Not applicable (children & others) 1.33 0.92-1.92 0.66 0.32-1.38
Education

No education Reference group Reference group

Primary 0.98 0.80-1.20 0.97 0.78-1.21

Secondary 0.92 0.74-1.14 0.96 0.74-1.24

Alevels/college/Advanced/

. 0.85 0.58-1.25 0.95 0.61-1.48
Professional Degree
Not applicable (U5 children) 1.36 0.94-1.98 1.09 0.51-2.30
*p<0.01,**p <0.05.

Treatment outcome was not significantly different for those who received first aid from a non
medically trained provider, as compared with those who did not receive first aid (Table 7).

Table 7. Multivariate analysis of treatment outcomes by un-trained provider among severe non-fatal
hospitalised injuries.

Treatment Outcome (1 = Recovered/Improving; 0 = No Improvement)

Characteristics Unadjusted Adjusted
OR 95% CI OR 95% CI
Receiver first aid from untrained Provider
Yes 0.89 0.76-1.05 0.90 0.76-1.06
No Reference group Reference group

Surgical intervention

Yes 0.52* 0.43-0.63 0.55* 0.45-0.67
No Reference group Reference group

External cause of severe non-fatal injury

Attempted suicide/suicide Reference group Reference group

Transport injury 0.60 0.22-1.64 0.611 0.21-1.71
Violence 0.78 0.28-2.14 0.896 0.31-2.51
Fall 0.55 0.20-1.52 0.657 0.23-1.84
Cut injury 1.00 0.35-2.85 0.990 0.34-2.86
Burn 0.77 0.25-2.36 0.657 0.20-2.07
Drowning 1.74 0.51-5.87 1.558 0.43-5.55
Unintentional poisoning 145 0.34-6.06 1.530 0.35-6.58
Machine injury 0.75 0.24-2.36 0.903 0.28-2.90
Electrocution 1.04 0.33-3.28 0.950 0.29-3.05
Animal bite injury 1.01 0.33-3.03 0.913 0.29-2.82
Injury by blunt object 0.63 0.22-1.80 0.779 0.26-2.28
Suffocation 145 0.08-26.26 1.373 0.07-25.63
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Table 7. Cont.

Treatment Outcome (1 = Recovered/Improving; 0 = No Improvement)

Characteristics Unadjusted Adjusted
OR 95% CI OR 95% CI

Age (in years)

<10 years Reference group Reference group

10-14 years 0.81 0.54-1.21 0.78 0.48-1.24

15-17 years 0.73 0.47-1.14 0.69 0.39-1.19

18-24 years 0.83 0.59-1.16 0.74 0.43-1.24

25-64 years 0.71* 0.55-0.92 0.55 ** 0.33-0.92

>65 years 0.48* 0.33-0.69 0.46 ** 0.25-0.83
Sex

Male Reference group Reference group

Female 0.89 0.74-1.06 1.117285 0.87-1.42
Wealth quintile

Lowest Reference group Reference group

Low 1.00 0.77-1.29 1.06 0.80-1.38

Middle 1.07 0.83-1.38 1.15 0.88-1.50

High 0.86 0.66-1.11 0.95 0.72-1.24

Highest 0.89 0.68-1.16 1.10 0.82-1.46
District

Chandpur/comilla Reference group Reference group

Sirajganj 1.38 ** 1.02-1.87 1.33 0.97-1.84

Sherpur 2.16* 1.74-2.69 2.14 1.69-2.69

Narshingdi 2.14% 1.69-2.71 2.03 1.58-2.59
Occupation

Skilled labor (Professional) Reference group Reference group

Agriculture 1.23 0.92-1.65 117 0.85-1.59

Business 0.97 0.68-1.37 0.96 0.67-1.37

Unskilled /domestic (Unskilled) 1.04 0.66-1.62 0.99 0.62-1.56

Rickshaw /bus (Transport worker) 1.32 0.87-2.01 1.29 0.83-1.99

Students 1.07 0.80-1.44 0.77 0.49-1.19

Retired /unemployed /housewife 0.71** 0.55-0.93 0.72 0.52-1.00

Not applicable (children & others) 1.33 0.92-1.92 0.69 0.33-1.42
Education

No education Reference group Reference group

Primary 0.98 0.80-1.20 0.97 0.77-1.21

Secondary 0.92 0.74-1.14 0.96 0.73-1.23

A levels/college/ Advanced/ 0.85 0.58-1.25 0.94 0.60-1.45
Professional Degree

Not applicable (U5 children) 1.36 0.94-1.98 1.05 0.49-2.23

*p <0.01, * p < 0.05.

4. Discussion

Our study is one of the largest cross-sectional census in a developing country, covering more
than 1 million people from different geographical areas in Bangladesh. About 8.7% of the surveyed
population had at least one injury in the six months preceding the date of the interview. Overall, 81.7%
of injury events received first aid from any provider, 79% of whom were not medically trained and
2.6% medically trained. Those who received first aid from a medically trained provider irrespective of
age, sex, surgical intervention, occupation, SES, geographical location and education were 1.3 times
more likely to recover or be in the process of improvement compared to those who did not receive first
aid from trained providers.
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We found that receiving first aid is quite common in rural areas of Bangladesh with over four-fifth
of the events receiving first aid increasing as severity of injury increased. Our results suggest that first
aid may be beneficial, and may reduce the severity of injuries, recovery time and improve survival.
There may be other factors that influences the association of first aid and outcomes such as family
support, transportation, cost of treatment and responses of health facility. Our results suggest first
aid may play a role to reduce the severity of injuries and improves chances of survival [14]. Our
study showed that first aid treatment from trained providers increased chances of recovery among
severely injured individuals and hospitalized patients implying the importance of appropriate or
correct first aid. Correct first aid treatment has been reported to reduce mortality by 1.8-4.5% for
trauma events [23].

We found worse outcomes for patients who were housewives, as compared to skilled labor. This
may be due to housewives being at greater risk of burn injuries, which are associated with worse
prognosis. This underlines that outcome depends on type of injury [28,29]. Worse treatment outcomes
were also found for those who obtained surgical treatment. This may be due to delays in obtaining
surgery, already poor prognosis or postoperative surgical complications. We also found worse
outcomes for older age groups. This may be due to falls which are common and devastating problems
associated with identifiable risk factors like weakness, unsteady gait, confusion and medications [30].
Age has been identified as one of the most significant factors in determining outcomes after traumatic
injuries and head injuries [31-33].

We found that the proportion who received first aid increased as injury severity increased. The
more severe an injury was, the more people sought first aid from a medically trained provider. A review
conducted on the recognition of childhood illness and care seeking behaviour in developing countries
identified six studies all of which reported that if the caregiver perceived the child’s illness as severe
then they were more likely to seek care from trained providers [34]. Similar associations were found
when severity of illness was defined by clinical criteria, such as rapid breathing, chest in-drawing [34].

In this study, largely untrained lay people present at the site of the event were the most common
primary contacts that provided first aid to the injured. In addition, village doctors in rural Bangladesh
are most commonly sought for medical care despite the existence of trained community based
government and non-government health workers [35]. Multi-country evaluations of Integrated
Management of Childhood Illness study showed that despite providing training for community
based village health workers and availability of drugs in first level government facilities, care seeking
for children under five years of age remained high from village doctors, with more than four-fifth
receiving first aid treatment from an untrained provider [36]. Despite potential lack of relevant training
of village doctors, when seeking medical care, the persistent use of them underlie an important
consideration, when planning any intervention that seeks to improve first aid capacity through the
availability of alternative trained health workers. These cultural preferences may negatively influence
the acceptability and uptake of community-based first aid providers. Such potential intervention
should consider cultural preference of service providers in order to maximize acceptability and uptake
of interventions. Knowledge of first aid among lay people is often very limited and leads to harmful
practices. A study to assess the knowledge of mothers on first aid for injuries to children arising from
home accidents revealed that mothers answered an average of 11.0 (SD 5.3) out of 29 questions on
first aid correctly [37]. In our study treatment outcome was not significantly different for those who
received first aid from a non-medically trained provider, as compared with those who did not receive
first aid and also demonstrated that those who received first aid from an untrained provider needed
more time to recover reaffirming the importance of appropriateness of the first aid provided. Poor
knowledge on appropriate first aid was also evident in studies conducted in developed countries [38].
A systematic review of first aid provided by lay people on trauma victims found that incorrect first aid
was provided to 83.7% of cases [23]. Similarly, descriptive studies for common unintentional injuries
such as burns, cuts, falls, suffocation among children in Turkey, South Africa, Ghana and Saudi-Arabia
revealed that majority of the subjects had been treated with inappropriate interventions such as kitchen
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ingredients (yogurt, raw egg whites, honey, tomato paste) and household materials (toothpaste, aloe
vera, Lavender oil) [39-42]. Although our study did not assess the appropriateness of the first aid,
the negative findings associated with untrained providers raises questions on whether they provided
appropriate first aid or not. A prior study from Bangladesh suggested that untrained providers mostly
depend on secret spells and other ‘spiritual” approaches with no physiological basis when providing
first aid, and the custom is prevalent in both urban and rural areas [43].

Several studies indicate that training laypersons is beneficial and governments must have a
more dynamic approach by promoting compulsory first aid education for example, in schools,
when applying for a driving license, in the workplace and community with appropriate refresher
courses [23,44-49]. In Bangladesh, CIPRB is implementing a community based first responder program
in northern districts of Bangladesh [50]. The influence of SES on outcomes must also be considered
during the implementation of community-based program. However, there is also need for rigorous
studies to inform policy makers on the effectiveness of training on first aid.

In this census we found that the chances of recovery were significantly higher among patients
in Sherpur districts compared to Chandpur/Comilla districts. This may be due availability of
long-standing community-based injury intervention program, such as the first responder program by
CIPRB, which created awareness [50].

Limitations

This study did not collect data on what procedures were applied as first aid and whether the
procedures that were implemented as part of first aid provided were appropriate or not. Additionally,
age, education, socioeconomic status, having paid employment, source of knowledge about first
aid and having attended a training course on first aid have been reported as significant predictors
of knowledge and practice among first aid providers [37-39]. However, such information was not
collected within the scope of this study and provides potential for future research in establishing an
association between first aid providers and injury outcomes.

5. Conclusions

This large population-based survey on injury in developing countries demonstrated that for
non-fatal injury, untrained providers primarily provide first aid and surgical care. Public health
interventions should be designed to develop the skills of the untrained providers as well as medically
trained providers. Further, policies are needed to increase access to medically trained providers for the
provision of first-aid for injuries. Such intervention needs to take into account cultural preferences for
service providers in order to maximize acceptability and uptake of treatments.
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Abstract: Unintentional injury-related mortality rate, including drowning among children under
five, is disproportionately higher in low- and middle-income countries. The evidence links
lapse of supervision with childhood unintentional injury deaths. We determined the relationship
between caregiver supervision and unintentional injury mortality among children under five in
rural Bangladesh. We conducted a nested, matched, case-control study within the cohort of
a large-scale drowning prevention project in Bangladesh, “SOLID—Saving of Children’s Lives from
Drowning”. From the baseline survey of the project, 126 cases (children under five with unintentional
injury deaths) and 378 controls (alive children under five) were selected at case-control ratio of 1:3
and individually matched on neighborhood. The association between adult caregiver supervision
and fatal injuries among children under five was determined in a multivariable conditional logistic
regression analysis, and reported as adjusted matched odds ratio (MOR) with 95% confidence
intervals (CIs). Children under five experiencing death due to unintentional injuries, including
drowning, had 3.3 times increased odds of being unsupervised as compared with alive children
(MOR = 3.3, 95% CI: 1.6-7.0), while adjusting for children’s sex, age, socioeconomic index, and adult
caregivers’ age, education, occupation, and marital status. These findings are concerning and call for
concerted, multi-sectoral efforts to design community-level prevention strategies. Public awareness
and promotion of appropriate adult supervision strategies are needed.

Keywords: childhood unintentional injuries; drowning; drowning mortality; caregiver supervision;
children under five; developing country; Bangladesh

1. Introduction

Unintentional injuries among children are a major public health concern and a cause of substantial
childhood morbidity and mortality [1]. The leading mechanisms of unintentional injuries among
children less than 15 years are drowning, road traffic injuries, burns, and falls [2]. Among children
aged 5 years and below, drowning is the leading cause of injury death globally, and over 90% of these
deaths occur in low- and middle-income countries (LMICs) [3,4]. In Bangladesh, drowning accounts
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for 43% of all deaths in children aged 14 years. A child drowns every 30 min in Bangladesh, and 80%
of these deaths occur within or around the home environment [3-5].

Whereas multiple factors contribute to the occurrence of an injury event among children under
five years of age, lack of appropriate supervision is, however, considered to be a major contributing
factor [6]. Supervision, in general, could be summarized by domains of attentiveness, proximity,
and continuity, and can be considered as “the interaction of attentional behaviors and physical
proximity extended in time” [1,6]. There is neither a consensus on the definition of supervision in the
literature, nor on the quality of supervision required for preventing childhood unintentional injuries [7].
Indeed, distinctive environmental and behavioral factors shape parental attributes and parenting styles
affecting the quality of supervision and occurrence of childhood unintentional injuries [8,9]. The lack of
a standardized validated instrument tailored especially to the sociocultural contexts in LMICs further
makes it difficult to explore supervision [6].

The evidence linking lapse of adult supervision with childhood unintentional injury deaths is
mainly based on descriptive data from high-income countries (HICs), and few if any have assessed
this relationship in a LMIC setting [10-19]. Hence, the objective of our study is to determine the
relationship between adult caregiver supervision and unintentional injury deaths among children aged
five years and below in rural Bangladesh. We hope that our study will contribute to the understanding
of the role of supervision in preventing childhood unintentional injuries in LMICs, and to the design
of effective childhood injury prevention strategies.

2. Materials and Methods

2.1. Study Design, Setting and Participants

We conducted a matched case-control study nested within the “SOLID—Saving of Children’s
Lives from Drowning” project, which is a large-scale drowning prevention project in Bangladesh [20].
One of the aims of the SOLID project was to describe the burden and risk factors of drowning,
and other injuries, among young children in Bangladesh. The SOLID project included a baseline census
conducted in 51 unions (out of 83 unions) from seven sub-districts of rural Bangladesh: Matlab North,
Matlab South, Daudkandi, Chandpur Sadar, Raiganj, Sherpur Sadar, and Manohardi. The census
collected sociodemographic and injury outcome data on approximately 1.2 million people from
270,387 households.

The cases selected for our matched case-control study were children under five (male and female)
that died from unintentional injuries in the SOLID census area, and the controls were similarly aged
children who were alive over the same period. To ensure homogeneity of household, environmental,
and socioeconomic characteristics between cases and controls, we selected controls from a neighborhood
as close to their respective cases as possible. Controls were selected from the same Bari but a different
household as that of the cases. A Bari is a collection of 2-10 households living in close proximity and
within the same geographical compound; these households share resources including housing, water,
food, and space for animals. If no suitable controls were found from a different household within the
same Bari as a case, then the controls were selected from the same Bari and the same household or from
an adjacent Bari within the same village.

Three controls were selected for every case to yield a matching ratio of 3:1. Our case-control
study included all 126 cases of children under five who died due to unintentional injuries in the last
12 months prior to the census. In all, the sample size for our matched case-control study was 504
(126 cases and 378 controls). This sample size has more than 90% power to detect an odds ratio of 2 in
mortality due to unintentional injuries, comparing cases to control, and assuming that the prevalence
of supervision is 50% in the general population.
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2.2. Study Variables and Study Tool

Unintentional injury was operationally defined as any household member who sought treatment
or lost at least one working day or could not go to the school for at least one day due to an injury
event [20]. The injury events listed included suicide, transport injury, violence, fall, cut injury,
burn, drowning, poisoning, machine injury, electrocution, animal bite injury, injury by blunt object,
suffocation, and others. We further categorized all injuries based on intent, and described them
as: unintentional injuries, self-harm, and violence [21]. Drowning was defined as “the process of
experiencing respiratory impairment from submersion/immersion in liquid” [22].

Death from unintentional injuries was the main outcome variable, and this data was collected
over a one-year recall period. Supervision was the main exposure variable. Since physical proximity
between a child and an adult caregiver is most closely correlated with supervision, we used physical
proximity as a proxy indicator for supervision in our study [1,23]. Based on prior injury literature
in children, a child was considered in proximity of the adult caregiver if both the child and the
adult caregiver were at the same location, either inside or outside of the home during the review
period [24,25]. We described specific locations inside and outside of a typical home in rural Bangladesh
such that the co-location of both the child and adult caregiver at the same location would put the adult
caregiver at arm’s length of the child. To avoid any social desirability bias, we divided a day into
different periods and independently assessed the specific location of the child and adult caregiver at
each of those periods. In this study, we only considered supervision during a review period between
9 am and 1 pm, as the majority of unintentional injury deaths (mainly drowning) in Bangladesh are
reported to take place during this time period [5].

We defined an adult caregiver as the head of household or any adult 18 years of age or older
who had primary responsibility for overseeing the child’s welfare during the period under review.
While we recognized that older children at times could “supervise” younger children, the injury
literature suggests that supervision by an adult may be more effective compared to supervision by
an older child (especially an older child below 13 years of age) [26]. Supervision conducted by children
younger than 13 years could in fact increase injury risk for the child that is being supervised [26].

We obtained all information using questionnaires designed based on guidelines for injury
surveillance by the World Health Organization (WHO) [27]. The questionnaires were used to collect
data on injury mortality and morbidity, sociodemographic characteristics, environmental factors,
supervision practices, and drowning related factors and prevention practices for households with
children under five [3,20].

2.3. Data Collection Procedure

Two sets of trained data collectors administered the questionnaires. Data were obtained from
either the head of the household or any adult 18 years and older who was present in the house
during face-to-face interviews. The first set of data collectors gathered information on household
characteristics, birth history, household environment, and death confirmation. If an injury was
reported, the second set of data collectors visited the household to collect data on injury morbidity,
injury mortality, and mechanism of injury. The data collectors were adults 18 years and older who had
completed at least secondary school education, and had undergone 15 days of field training. The field
training included modules on the questionnaires, operational manual, survey implementation, research
ethics, and data management. An initial pilot-testing of the questionnaires revealed a high percentage
of agreement (>80%) regarding the data collected from the same households by different data
collectors. The activities of the data collectors were supervised by the field supervisors, who reported
directly to a field research or sub-district manager, and the managers reported directly to the central
office. Daily collation of data was done at the union level with oversight from the field supervisor,
after which data were transmitted to the sub-district level for preliminary cleaning before transmission
to the central office. All questionnaires were translated from English to Bangla (Bangladesh’s local
language), and were back-translated and pre-tested in the field. Ethical clearance was obtained
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from the Institutional Review Boards at Johns Hopkins Bloomberg School of Public Health JHSPH),
International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B) and Centre for Injury
Prevention Research Bangladesh (CIPRB) (Ethical Approval Code 00004746). The study was conducted
in accordance with the Declaration of Helsinki.

2.4. Statistical Analysis

First, we obtained data on adult caregivers’ sociodemographic characteristics for the selected
cases and controls and linked these with the supervision and injury mortality data from the SoLiD
baseline census. Second, we described the frequencies and percentages of all included variables. Third,
we computed the unadjusted matched odds ratio (MOR) of unintentional injury deaths among children
under five with 95% confidence intervals (CIs) using simple conditional logistic regression. Fourth,
we described a multivariable model for the odds of unintentional injury deaths among children under
five with adult caregiver supervision as the main explanatory variable, using a multiple conditional
logistic regression. We added other predictors to the multivariate model, one at a time, checking the
model significance each time based on the likelihood ratio test (p < 0.05). Last, we reported the adjusted
MOR with 95% CI for adult caregiver supervision and other predictors from the multivariate model.

To see if the odds ratios in our study approached the relative risk, we tested the rare disease
assumption by assessing the prevalence of unintentional injury-related mortality among children
under five from our source population. The characteristics of the selected controls and all living
children under five from our source population were also compared to check if the controls were truly
representative of our source population. We conducted all statistical analyses using STATA version 14
(StataCorp. 2015. Stata Statistical Software: Release 14. StataCorp LP, College Station, TX, USA).

3. Results

The SOLID baseline census database had a total of 112,664 children under five; 126 injury deaths
were reported among these children over a one-year recall period. All injury deaths were unintentional
except for one case that was undetermined. All unintentional injury deaths resulted from drowning
except for 14 (11%) cases. Of the 14 cases, 5 (4%) were road traffic injuries, 4 (3.2%) suffocation,
2 (1.6%) cut injury, and 1 (0.8%) death each due to unintentional poisoning and animal bite injury.
Three hundred seventy-eight (378) controls were selected at a 1:3 case-control ratio and matched on
geographical location/neighborhood.

3.1. Baseline Characteristics of Children under Five and Their Caregivers

Overall, 18.4% of children were supervised (cases 8.7%; control 21.7%) (Tables 1 and 2). A higher
proportion of cases were males (cases 53.2%; controls 48.7%), and in the 1-4 years age group
(cases 94.4%; controls 81.2%) (Table 2). The minimum age of the adult caregivers in our study was
18 years; overall 83.3% of the adult caregivers were in the age category 25-64 years (Table 3). Only 4.6%
of children in the study had adult caregivers with education beyond secondary level (cases 3.2%;
controls 5%). In Bangladesh, grades 1-5 are considered primary education, grades 6-12 secondary,
and advanced level is grades 13 and above. The most common occupation among adult caregivers was
agriculture/farming (28.6%), followed by those who were retired /unemployed /housewives (21%).
A greater percentage of adult caregivers of cases were older than 65 years (cases 20.6%; controls 10.6%)
and were transport workers (cases 11.1%; controls 6.1%). On the other hand, more adult caregivers of
controls were traders as compared to cases (cases 13.5%; controls 20.6%) (Table 3). Both the cases and
the controls were similar in terms of socioeconomic index as well as adult caregivers” education and
marital status.
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Table 1. Baseline characteristics of children under five in the entire population.

Total Injury Death Alive
Characteristics (n =112,664) (n=126) (n =112,538) p-Value
n (%) n (%) n (%)
Supervision: <0.01
Yes 20,569 (18.3) 11 (8.7) 20,558 (18.3)
No 92,095 (81.7) 115 (91.3) 91,980 (81.7)
Sex: 0.6
Female 55,372 (49.1) 59 (46.8) 55,313 (49.2)
Male 57,292 (50.9) 67 (53.2) 57,225 (50.8)
Age (years): <0.01
<1 22,141 (19.7) 7 (5.6) 22,134 (19.7)
1-4 90,523 (80.3) 119 (94.4) 90,404 (80.3)
Socioeconomic index: 0.9
Lowest 22,946 (20.4) 26 (20.6) 22,920 (20.4)
Low 20,355 (18.0) 26 (20.6) 20,329 (18.0)
Middle 22,413 (19.9) 24 (19.1) 22,389 (19.9)
High 22,270 (19.8) 23 (18.3) 22,247 (19.8)
Highest 24,680 (21.9) 27 (21.4) 24,653 (21.9)

Table 2. Characteristics of children under five, cases and selected controls.

Total Cases Controls

Characteristics (n =504) (n =126) (n =378) Unac(i;:i/tegll)vIOR
1 (%) 1 (%) 1 (%) °

Supervision:

Yes 93 (18.4) 11 (8.7) 82 (21.7) 1.0

No 411 (81.6) 115 (91.3) 296 (78.3) 2.9 (1.5-5.7)
Sex:

Female 253 (50.2) 59 (46.8) 194 (51.3) 1.0

Male 251 (49.8) 67 (53.2) 184 (48.7) 1.2 (0.8-1.8)
Age (years):

<1 78 (15.5) 7 (5.6) 71 (18.8) 1.0

1-4 426 (84.5) 119 (94.4) 307 (81.2) 3.8 (1.7-8.5)
Socioeconomic index:

Lowest 102 (20.2) 26 (20.6) 76 (20.1) 1.2 (0.6-2.3)

Low 105 (20.8) 26 (20.6) 79 (20.9) 1.1 (0.6-2.1)

Middle 106 (21.0) 24 (19.1) 82 (21.7) 1.0

High 98 (19.4) 23 (18.3) 75 (19.8) 1.05 (0.5-2.1)

Highest 93 (18.6) 27 (21.4) 66 (17.5) 1.5 (0.7-3.1)
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Table 3. Characteristics of adult caregivers of selected cases and controls.

Total Cases Controls Unadjusted
Characteristics (n = 504) (n =126) (n=378) o
1 (%) 1 (%) (%) MOR (95% C1)

Age (years):

18-24 18 (3.6) 2(1.6) 16 (4.2) 0.4 (0.1-1.7)

25-64 420 (83.3) 98 (77.8) 322 (85.2) 1.0

>65 66 (13.1) 26 (20.6) 40 (10.6) 2.7 (14-5.1)
Education:

None 181 (35.9) 49 (38.9) 132 (34.9) 1.0

Primary 179 (35.5) 49 (38.9) 130 (34.4) 0.9 (0.6-1.6)

Secondary 121 (24.0) 24 (19.0) 97 (25.7) 0.6 (0.3-1.3)

Advanced level and above 23 (4.6) 4(3.2) 19 (5.0) 0.5 (0.1-1.6)
Occupation *:

Trading 95 (18.9) 17 (13.5) 78 (20.6) 1.0

Agriculture/farming 144 (28.6) 35 (27.8) 109 (28.8) 1.5 (0.7-2.9)

Skilled labor 94 (18.7) 25 (19.8) 69 (18.3) 1.7 (0.8-3.4)

Unskilled labor 25 (5.0) 6(4.8) 19 (5.0) 1.4 (0.4-4.3)

Transport worker 37(7.3) 14 (11.1) 23 (6.1) 3.0(1.2-7.2)

Student 2(0.4) 1(0.8) 1(0.3) 4.4(0.3-73.7)

Retired /Unemployed /Housewife 106 (21.0) 28 (22.2) 78 (20.6) 1.6 (0.8-3.4)
Marital status:

Married 476 (94.4) 120 (95.2) 356 (94.2) 1.0

Never married /divorced /widowed 28 (5.6) 6 (4.8) 22 (5.8) 0.8 (0.3-2.1)

* Information on the caregivers’ occupation was missing for one control (total missing 7 = 1 (0.2%); control missing
n=1(0.3%)).

3.2. Univariate and Multivariable Analysis

Based on the univariate model, supervision (unsupervised child compared to supervised),
child’s age (1-4 years compared to those <1 year), adult caregiver’s age (>65 years compared to
those 24-65 years), and adult caregiver’s occupation (transport workers compared to traders) were
significantly associated with unintentional injury-related mortality among children under five (Table 4).
Based on the final multivariable model, children under five who died from unintentional injuries had
3.3 times increased odds of being unsupervised as compared to alive children (MOR = 3.3, 95% CI:
1.6-7.0), while adjusting for children’s sex (male, female), age (<1, 1-4 years), socioeconomic index
(lowest, low, middle, high, highest), and adult caregivers’ age (18-24, 25-64, >65 years), education
(none, secondary, A levels and above), occupation (trading, agriculture, skilled labor, unskilled
labor, transport worker, student, retired/unemployed/housewife), and marital status (married,
never married/divorced/widowed) (Table 4). In the adjusted analysis, likelihood of dying due
to unintentional injuries also increased significantly if the child was aged 14 years as opposed to
less than 1 year of age (OR = 5.2, 95% CI: 2.2-12.2), had an adult caregiver aged 65 years and above
compared to age 25-64 years, (OR = 3.4, 95% CI: 1.5-7.6), and whose adult caregiver was a transport
worker compared to a trader (OR = 3.4, 95% CI: 1.3-9.0). A child’s sex and socioeconomic status, and
adult caregiver’s education and marital status were not significantly associated with unintentional
injury-related mortality (Table 4).
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Table 4. Association of unintentional injury-related mortality with adult caregiver supervision and
other independent variables.

Characteristics Unadjusted MOR (95% CI) Adjusted MOR (95% CI)
Supervision:

Yes 1.0 1.0

No 2.9 (1.5-5.7) 3.3 (1.6-7.0)
Sex of the child:

Female 1.0 1.0

Male 1.2 (0.8-1.8) 1.1 (0.7-1.8)
Age of the child (years):

<1 1.0 1.0

1-4 3.8 (1.7-8.5) 52(2.2-12.2)
Socioeconomic index:

Lowest 1.2 (0.6-2.3) 0.7 (0.3-1.5)

Low 1.1 (0.6-2.1) 0.8 (0.4-1.7)

Middle 1.0 1.0

High 1.05 (0.5-2.1) 0.8 (0.4-1.7)

Highest 1.5 (0.7-3.1) 1.2 (0.5-2.6)
Caregiver’s age (years):

18-24 0.4 (0.1-1.7) 0.3 (0.03-2.2)

25-64 1.0 1.0

>65 2.7 (1.4-5.1) 3.4 (1.5-7.6)
Caregiver’s education:

None 1.0 1.0

Primary 0.9 (0.6-1.6) 0.9 (0.5-1.6)

Secondary 0.6 (0.3-1.3) 0.7 (0.3-1.4)

A levels and above 0.5 (0.1-1.6) 0.4 (0.1-1.5)
Caregiver’s occupation:

Trading 1.0 1.0

Agriculture/farming 1.5 (0.7-2.9) 1.4 (0.6-3.0)

Skilled labor 1.7 (0.8-3.4) 2.0 (0.94.3)

Unskilled labor 1.4 (0.4-4.3) 1.9 (0.6-6.4)

Transport worker 3.0(1.2-7.2) 3.4 (1.3-9.0)

Student 4.4(0.3-73.7) -

Retired /Unemployed /Housewife 1.6 (0.8-3.4) 1.4 (0.6-3.3)
Caregiver’s marital status:

Married 1.0 1.0

Never married /divorced /widowed 0.8 (0.3-2.1) 0.4 (0.1-1.4)

3.3. Comparison of Controls with the Source Population

The prevalence of unintentional injury was very low in our source data—126 per 112,664 total
population or 0.1%. A comparison of the controls with other children under five from our source data did
not yield any significant difference with respect to supervision status, age, sex, and socioeconomic status
(Tables S1 and S2). Hence, we concluded that the rare disease assumption is reasonable given our data.

4. Discussion

To our knowledge, our study is the first epidemiological study to have explicitly explored the
relationship between adult supervision and unintentional injury deaths among children under five
years of age in a rural setting of a developing country. We highlighted the protective role of adult
supervision on fatal unintentional injuries of young children, especially drowning in rural Bangladesh.
Our study suggested that the risk of unintentional injury mortality (mainly drowning) was three times
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higher among children younger than five years when they were not in close proximity of an adult
caregiver, adjusting for covariates.

As far as the protective role of adult supervision in childhood unintentional injury prevention in
an aquatic environment is concerned, our findings validate earlier studies [10,11,15,16,18,19,23,28,29].
While our findings are alarming, they are of public health significance. Once drowning occurs in
a young child, death is almost certain and rapid. Even in instances where a child receives timely and
adequate cardiopulmonary resuscitation, that child could still be faced with substantial morbidity such
as neurological impairment [16]. Rural Bangladesh is mainly an agrarian society in which people build
homes in close proximity to water bodies to have easy access to water for farming, bathing, cleaning,
washing clothes/dishes, and recreational activities [5]. While our study highlights drowning as a main
external cause of unintentional injury death among children under five (and the contribution of lack
of supervision given Bangladeshi setting), lack of supervision is able to contribute to other leading
external causes of injury in other settings depending on the environmental factors in those settings.

Even though safety barriers between residences and water bodies can be an effective
environmental intervention for drowning, it is nearly impossible to fence large natural water bodies,
as in the case of Bangladesh [30-32]. Young children can experience drowning due to lapses in adult
supervision despite physical barriers between the children and the water bodies [10,16]. Moreover,
children under five who have the highest risk of dying due to drowning are seldom proficient
swimmers [33,34]. The notion that giving swimming lessons to young children could reduce drowning
deaths lacks sufficient evidence; in fact, there is recommendation against this strategy for children less
than two years of age [31]. Therefore, primary prevention in the form of adequate adult supervision
cannot be overemphasized in preventing childhood drowning deaths [23,31,32].

While the importance of attentiveness and continuity—two other pillars of the hierarchical model
of supervision—cannot be overlooked, our results suggest that proximity could be used as a reasonable
indicator of supervision in a resource-poor setting [6]. Physical proximity of the adult caregiver is
regarded as the most vital component of supervision because it significantly diminishes risk-taking
behavior among children [1,23,35]. This is crucial, as the assessment of supervision is most often
difficult and subjective, especially in the absence of a standard tool. Morrengiello and House designed
the Parents Supervision Attributes Profile Questionnaire in order to measure parental attributes which
could indirectly predict parental supervision behavior and subsequent child risk-taking behavior [35].
However, it is not yet determined if the questionnaire is applicable in other sociocultural environments
with different structural factors or in LMIC settings. It is noteworthy that the sociocultural environment
of a community influences parental perceptions and cognitive behavior, which in turn affects the
kind and level of supervision deemed appropriate for children [7]. The sociocultural differences that
predispose children to greater injury risks have, however, not been established in the literature. To this
end, future studies to develop supervision tools adapted for various settings and to examine the
relationship between sociocultural differences in supervision and child injury risk would be desirable.

Our results indicate that children aged 14 years are at significantly higher risk of unintentional
injury mortality (mostly drowning), which is consistent with other studies [5,11]. Children aged
1-4 years are mobile, and they exhibit a higher risk-taking behavior than infants; thus, they are more
exposed to the risk of unintentional injuries and require closer supervision [16]. As children get older,
parents tend to underrate close supervision or misperceive children as efficient enough to deal with
the injury risk themselves [36]. Current guidelines for child injury prevention should be explicit
on the need to educate adult caregivers about providing continuous supervision to young children
in hazardous environments [34,36]. Injury prevention programs, including drowning prevention
programs, need to educate adult caregivers about children’s lack of motor skills required for self-rescue
in event of an injury or near-submersion [11,36]. An adult caregiver’s knowledge of the child’s
development has been shown to influence quality of supervision [37].

The finding of adult caregivers 65 years of age and older as a significant risk factor for childhood
unintentional injury mortality is unique. Potential mechanisms could be elderly caregivers being
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limited physically to keep a close eye on the children, or intervene in the event of submersion in water.
Moreover, elderly caregivers, such as grandparents, face considerable stress, exhaustion, and poor
physical health and mental health conditions, which may impair them in being able to provide adequate
or continuous supervision to young children [38—40]. Scarce data have, however, examined the role
of supervision by elderly caregivers and child unintentional injury mortality, and the mechanisms
through which more or less frequent injuries may occur under such observation. A study suggested
protective, though statistically insignificant effect of grandparents’ supervision on medically-attended
childhood injuries [41]. In contrast, our study focused on unintentional injury deaths, the majority of
which were due to drowning, requiring caregivers to be physically active, vigilant, and close enough to
young children to intervene and prevent such an incident from happening. However, adult caregivers
above 65 years may not be able to do so due to their functional limitations. This calls for the promotion
of low-cost and community-based programs that support child supervision by trained adults in LMICs,
such as creches (day care centers) [42]. Such programs have been demonstrated to reduce drowning
and other unintentional injuries among children through the provision of close adult supervision in
a safe environment [42]. The creches allow working adults to perform their jobs, while similarly aged
adults (creche mothers) supervise children.

As expected, male children were more likely to die from unintentional injuries than females [5,10,11].
Male children demonstrate higher risk-taking behavior while parents tend to supervise female
children more closely [25,43]. It should be noted that unintentional injuries among children are
a complex interplay of a child’s characteristics, environmental factors, parental beliefs, and supervision
practices [25]. Consistent with prior studies, our study suggests that the risk of unintentional
injury-related mortality decreased linearly with increasing level of adult caregiver’s education,
though the results were not statistically significant [5]. Our finding of a significantly increased risk of
child unintentional injury death among children supervised by adult caregivers who are transport
workers compared with traders is remarkable and worthy of further inquiry, especially given that
this association is independent of socioeconomic status. It would be interesting to explore if fatal
injury events among children occurred at the same time and place where adult caregivers performed
their jobs as transport workers. This information would be especially critical, in terms of childhood
drowning and adult caregivers involved in water transport; however, lack of data prevented us from
evaluating this further in our current study.

Our study is the first large population-based study in a LMIC to assess contribution of lack of
adult supervision towards unintentional injury-related deaths among children under five. Using the
rare disease assumption, our odds ratios could be used as a good approximation of relative risk, further
strengthening the evidence we present in this study. We addressed selection bias by using a nested
matched case-control study design and by demonstrating through analysis that the controls were truly
representative of the source population [44] (Tables S1 and S2).

Our study is not without limitations. First, we did not assess other domains of supervision—
attentiveness and continuity—in this study due to lack of data. Based on prior evidence, we used
physical proximity of the child with the adult caregiver as a proxy and assumed that having a young
child within an adult caregiver’s reach enabled the adult caregiver to watch/listen to the child
(attentiveness) without considerable interruption (continuity) [23]. Second, the cut-off age of 18 years
that we had used for defining an adult caregiver may have excluded appropriate supervision by older
children (especially those older than 13 years). We, however, explored this and did not find that
the cut-off age differentially affected the cases compared to the controls. Hence, we maintained our
conclusion about the relationship between adult supervision and child unintentional injury deaths.
However, our study findings may not be generalizable to populations where supervision is provided
mainly by older children or by multiple caregivers.

Third, we also did not include all of the alive children under five population as the comparator,
but we did demonstrate that the selected controls were a true representation of the source population.
Fourth, our model omits other important predictors of childhood unintentional injury such as,
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household size, adult caregivers’ substance abuse, beliefs, and personality, and children’s attributes
including risk taking behavior and temperament due to lack of data. Fifth, to avoid losing power,
we did not conduct sensitivity analysis based on the child’s age to account for the differences in
supervision practices with respect to mobility of children. However, as the issue equally affects both
cases and controls, we can maintain our conclusion about the relationship between adult supervision
and child unintentional injury deaths. Last, it should be noted that the most common cause of
unintentional injury mortality could be different if the study were to be replicated in another developing
country, with an entirely different landscape than Bangladesh [45].

Our study is generalizable to other rural LMIC settings with a profile similar to rural Bangladesh.
We advocate for approaches for enhancing adequate adult supervision of young children to decrease
child injury risks, including drowning, in LMICs.

5. Conclusions

Children under five years of age who died from unintentional injury-related deaths had a 3-fold
higher likelihood of being unsupervised by an adult as compared to similarly aged living children,
after matching for neighborhood factors and adjusting for children’s sex, age, socioeconomic status,
and adult caregivers’ age, education, occupation, and marital status. Children’s age, and adult
caregiver’s age and occupation were other significant predictors of deaths from unintentional injuries
among these children. These findings are concerning and call for concerted, multi-sectoral efforts
to deliver effective community-level prevention strategies. Public awareness and promotion of
appropriate adult supervision strategies are needed to progress toward this goal.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/5/515/s1,
Table S1: Comparison of proportions of independent variables between controls and alive children under five
years of age in the source population, Table S2: Comparison of proportions of independent variables between
controls and total children under five years age in the source population.
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Abstract: This study provides a comprehensive review of the care-seeking patterns and direct
economic burden of injuries from the victims’ perspective in rural Bangladesh using a 2013 household
survey covering 1.17 million people. Descriptive statistics and bivariate analyses were used to derive
rates and test the association between variables. An analytic model was used to estimate total injury
out-of-pocket (OOP) payments and a multivariate probit regression model assessed the relationship
between financial distress and injury type. Results show non-fatal injuries occur to 1 in 5 people in
our sample per year. With average household size of 4.5 in Bangladesh—every household has an injury
every year. Most non-fatally injured patients sought healthcare from drug sellers. Less than half of
fatal injuries sought healthcare and half of those with care were hospitalized. Average OOP payments
varied significantly (range: $8-$830) by injury type and outcome (fatal vs. non-fatal). Total injury OOP
expenditure was $355,795 and $5000 for non-fatal and fatal injuries, respectively, per 100,000 people.
The majority of household heads with injuries reported financial distress. This study can inform
injury prevention advocates on disparities in healthcare usage, OOP costs and financial distress.
Reallocation of resources to the most at risk populations can accelerate reduction of preventable
injuries and prevent injury related catastrophic payments and impoverishment.

Keywords: injuries; cost; out-of-pocket; economic burden; care-seeking patterns; low-and-middle-
income countries; Bangladesh

1. Introduction

In Bangladesh, the burden of disease from injuries in 2013 was 3031 disability-adjusted-life-years
(DALYs) per 100,000 people, which was slightly lower than the global rate, 3456 DALY’ per 100,000,
and made about 10% of the national disease burden [1]. To prevent injury related disabilities and deaths
prompt access to high quality post-injury healthcare is crucial. However, there is increasing evidence
across low-and-middle-income-countries (LMIC) that there are major barriers to access health facilities
and surgical care [2]. Some of these barriers include long distance to facilities, poor roads and lack of
suitable transport, few healthcare providers with resources and expertise, fear of healthcare procedures,
high direct and indirect costs related to healthcare as well as socioeconomic status [2]. Barriers to
access perpetuate patients’ preferences for self-care, faith on traditional healers (e.g., consultation with
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Kabiraji/hakimiand homeopathic practitioners), unqualified allopathic providers or para-professionals
(village practitioners with a year-long training) [3], and may also reduce completion of healthcare
treatments. Further, either high healthcare expenditures or inadequately treated injuries that reduce
individual’s work productivity can push families into financial distress (i.e., reduce household income
or assets to pay for basic necessities such as food, clothing, housing, school, etc.) worsening the burden
from injuries.

Out of the total health expenditure of $16.20 per capita in 2010, 64% was covered out-of-pocket
(OQP), 26% by public funds and the remaining by international development partners [4,5]. Between
1997-2007 OOP grew at 14% annually, faster than the annual gross domestic product (GDP), 10% [5].
Similarly, a cross-sectional study from 2009 showed that 94% of injury victims in Bangladesh had
an OOP expenditure related to the injury [6]. The growing reliance on OOP expenditures to cover
healthcare costs places a large economic burden on individuals needing healthcare services.

When injury related healthcare costs are high compared to family income, payments can absorb a
large fraction of household resources resulting in catastrophic expenditures. Injury related expenditures
can result from direct medical costs (hospitalization, medicines, labs, etc.), direct non-medical
(transportation, food, and accommodation, funeral), indirect costs (income loss due to disability
or for caring for a family member with disability), or non-monetary/intangible costs (of premature
death, pain and suffering, etc.) [7]. Many south Asian countries like Bangladesh and India have high
prevalence of catastrophic payments related to injuries [8-10].

This study uses 2013 data from a household survey in rural Bangladesh to better understand
care-seeking patterns for injuries and the economic burden on victims. The specific aims of this study
were to describe care-seeking patterns by injury type, demographic and socioeconomic characteristics;
to evaluate injuries” OOP expenditures by injury type and type of cost; and assess the extent of financial
distress due to injury related expenditures. Given the data available, this study evaluates the direct
economic burden of injuries from the perspective of the injury victim during the short-term and
excludes indirect costs.

2. Methods

The data used is from a household survey covering 51 unions (the smallest rural administrative
and local government units) from seven sub-districts in rural Bangladesh and was comparable
to the 2011 Bangladesh national census [11]. The survey was conducted over a 6-month period
(June-November 2013) and covered all 1.17 million individuals in these unions. The survey collected
data for all members of a household. Details on the household survey objectives, population, sample
design and data management are provided elsewhere [12,13]. This survey was part of the data collected
for the Saving of Lives from Drowning (SoLiD) intervention [14,15]. Given that the survey’s recall
period for non-fatal injuries was 6 months and for fatal injuries was 1 year, we multiply rates for
injuries and cost data for non-fatal injuries by two in order to present all results in person-year units.

Descriptive statistics were used to estimate injury rates and the proportion of each injury out of
all injuries by sex, age group and SES (socioeconomic status). Similarly, descriptive statistics were
used to estimate the percent of injured persons seeking healthcare by injury type, type of healthcare
provider, type of health facility or treatment site, the median number of hospitalization days, and
health outcomes (recovered, improving and no improvement). The Chi-squared statistical test was
used to assess the association between care provider and injury type as well as, for those hospitalized,
injury type and health outcome [16].

Descriptive statistics were also used to estimate the proportion of injured individuals with OOP
payments greater than zero and the average expenditure among individuals with payments greater
than zero by injury type and type of cost (e.g., consultation cost, laboratory cost, bed cost, operation
cost, medicine cost, attendant cost, transportation cost, other cost, and total cost). The overall average
spending is defined as:
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Average Spending = Pr.(Spend > 0) x E(Spend | Spend > 0) 1)

Expenditure data was inflation adjusted from 2013 to 2016 Bangladeshi Taka using inflation
index 1.21437 and currency converted to 2016 U.S. dollars using conversion rate of 0.0152. The
Wilcoxon-Mann-Whitney statistical test, a non-parametric analog to the independent samples t-test,
was used to assess the association between injury type or the probability of getting treatment and OOP
expenditures [17,18]. A decision analytic model was developed estimating the total per injury cost for
every 100,000 people [7]. This model multiplied the probability of each type of event by the cost of
each event.

Care-seeking patterns and OOP cost estimates were derived separately for non-fatal (injury
outcome reported was survived) and fatal (injury outcome reported was death) injuries.

Financial distress was assessed by first estimating the proportion of injured individuals who
reported using a financial coping mechanism (e.g., borrow money from relatives/friends, reduced
consumption of basic goods, reduced food consumption, took loans, sold assets, other) to cover injury
related costs. Then, a probit multivariate regression analysis assessed the association between financial
distress (using any financial coping mechanism) and type of injury controlling for demographic and
socioeconomic characteristics [19], see Equation (2):

FIN_Distress; = o+ B1lnjuries; + BoSeverity; + B3Female; + B4School;

2
+ BsHHsize; + BeAge; + BeDistrict; + B¢SES; +¢; @

Where FIN_Distress is a binomial dependent variable equal to one if the injured person used any
financial coping mechanism, B is the constant term, and Injuries is a vector of ten injury dummies
where the base case (the least frequent injuries, which made less than 1% of the injury burden and
had the lowest total OOP: drowning, suffocation, suicide attempt and unintentional poisoning) is
omitted. Thus, the coefficient B is interpreted as the probability of financial distress (multiplied
by 100) compared to the base case, holding all other variables constant. Control variables included:
Severity, a vector of three dummies where medium and high severity are compared to the omitted
dummy of low severity; Female, a dummy for sex; School, a dummy for secondary education; District,
a vector of place of residence including Narshindi, Camilla, and Chandpur compared to the omitted
base case Sherpur/Siraigonj; SES, a vector of four socioeconomic status with the high income group
as the omitted base case; and Age, a vector of four age groups with under-fifteen as the omitted
base case. The marginal effect of each coefficient is estimated holding all other coefficients at the
mean. The household survey only collected data on use of financial coping mechanism from the
injured individuals who were a source of family income (either a minor, main, or major source of
family income). Thus, the regression analysis excludes the injuries from individuals who were not
contributors to the family income (i.e., children, household keepers, elders or unemployed adults).
As such, these estimates likely underestimate the extent of financial distress among all families with an
injured family member.

3. Results

The study included 1,169,593 individuals from 270,387 households. Details on demographic and
injury rates of the study population are provided elsewhere (see Supplementary Materials) [12,13].
Annually there were 238,929 injuries during the year prior to the survey among 209,059 individuals
(17.9% of the population). In other words, almost 1 out of every 5 individuals had at least one injury
during the year. The total injury rate was 20,428 per 100,000 people. Among the injured, 0.2% (449)
died due to the injury. Among those with non-fatal injuries, 11.5% (23,976) and 2.2% (4496) had a
second and third injury, respectively. Among non-fatal injuries, only 0.3% of the injury data was
missing. The non-fatal injury rate was 20,390 per 100,000 people (238,480 total injuries); falls had the
highest rate (7741), followed by cuts (4499) and blunt object injuries (2015). The total fatal-injury rate
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was 38 per 100,000 people (449 total injuries); the highest was among drowning (15), followed by
transport injuries (7) and falls (5).

3.1. Healthcare Seeking Patterns and Hospitalization

Overall, 88% of the non-fatal injured sought healthcare treatment; 80% went to a
pharmacy/medicine shop, 81% got care from a drug seller/village doctors and 3% were hospitalized
(Table 1). The probability of care was not largely different between low, medium and high injury
severity levels, ranging from 85% to 94% (see Supplementary Materials). Out of those hospitalized,
34% recovered and 62% were still improving at the time of the survey. Suicides (36%) and poisoning
injuries (24%) were most likely to be hospitalized. Among the fatally injured, 45% sought treatment;
among the treated, 67% and 48% of healthcare was provided by a doctor and at a hospital, respectively,
and 51% were hospitalized.

Table 1. Annual care-seeking patterns, hospitalization and health outcome rates of injured persons

Injury Care-Seeking Patterns

(Percent Values Are X 100) Non-Fatal Injuries Fatal Injuries
Annual number of injuries 238,480 449
Percent that sought treatment 0.88 0.45
Out of the total with treatment, percent that received healthcare from each type of provider
Drug seller/Village doctor 0.81 0.21
Registered doctor 0.14 0.67
Traditional healer/Religious Leader 0.06 0.07
Medical Assistant/SACMO 0.03 0.22
HA/FWV/FWA 0.01 0.02
Other (NGO, homeopathic practitioner, trained TBA) 0.02 0.03
Out of the total with treatment, percent that received healthcare from each type of healthcare facility
Pharmacy/medicine shop keeper 0.8 0.16
Private (Clinic or practitioner’s chamber) 0.1 0.22
Own home 0.08 0.07
Upazila Health Complex 0.04 0.25
Hospital (District or Specialized) 0.04 0.48
Clinic (NGO or Public Primary Health) 0.01

UHFWC—Union Health and Family Welfare Centres 0.01 0.04
Other 0.02

Hospitalization among those treated

Hospitalizations 0.03 0.51
Median number of hospitalization days 4 4

Treatment outcome among those with hospitalizations

Recovered 0.34 -
Improving 0.62 -
No improvement 0.04 -

Sub-Assistant Community Medical Officer (SACMO); Health Assistant (HA); Family Welfare Visitor (FWV) or
Assistant (FWA). Details on care-seeking patterns by injury type are provided in the Supplementary Materials.

3.2. Out-of-Pocket Expenditures Related to Injury Treatment

The majority of non-fatal injuries (96%) reported an OOP expense. The Mann-Whitney statistic
showed a statistically significant association between OOP costs and getting treatment as well as
getting treatment from a registered doctor (p-value 0.000). The total annual non-fatal OOP expenditure
was $4.16 million (a rate of $355,795 per every 100,000 people) and the average OOP cost (excluding
the 4% of injuries with zero expenditure) was $21. The probability of expenditures between the lowest
and highest SES only varied from 95% to 97%. Among those with expenditures, the mean expenditure
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between SES levels varied from between $16 and $26 for the low and high SES groups respectively.
Out of the total expenditure, the majority is from falls (43%) and transport injuries (22%) (see
Figure 1a). The highest average OOP costs were for suicide attempt ($84), unintentional poisoning ($55),
violence ($47) and transport ($46) (see Figure 2a). The probability of OOP payments for medicines
was 95%, for transport 31% and for consultation fees 15%. Medicines made 65% of the total OOP cost.
Details on costs by injury type and cost category are provided in the Supplementary Materials.

Among fatal injuries, 74% incurred OOP expenses. The total fatal-injury OOP expenditure was
$59,672 (a rate of $5114 per 100,000 people) and the average (excluding the 26% of injuries with
zero expenditure) was $395 (see Supplementary Materials). Out of the total cost, the majority is from
transport injuries (33%), falls (22%), and burn injuries (22%) (see Figure 1b). The highest average
OOP costs among fatal injuries were due to machine injuries ($830), transport ($760), cuts ($710) and
burns ($704). Similarly, the average cost was highest for surgeries, followed by medicines, and hospital
beds (see Supplementary Materials). The average expenditure, for injuries with expenses greater than
zero, was 38% of the total GDPpc ($1033) and for the more costly injuries was between 68% (burns)
to 80% (machine injuries) of the GDPpc [20].

Nan-Fatal Injury OOP* Expenditures by Cost Category & Injury Typs Fatal Injury OOP* Expenditures by Cost Category & Injury Type
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Figure 1. Total direct out-of-pocket expenditure from injuries for every 100,000 people from the
study area.
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Figure 2. Non-fatal injuries direct average cost by cost category and injury type.

3.3. Financial Coping Mechanisms

Among the individuals with non-fatal and fatal injuries, 35% and 27%, respectively, were a source
of family income. Most of these individuals were married males, a third had secondary education
and 95% where over eighteen years old. Among this group, 90% reported using at least one financial
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coping mechanism to cover injury related costs. Borrowing money was the most frequent mechanism
and more prevalent among fatal injuries than non-fatal injuries (56% vs. 29%). In bivariate analysis,
the probability of financial distress was not statistically different by type of injury (see Supplementary
Materials). Similarly, multivariate regression analysis, controlling for all injury types, demographic
and SES factors, showed no association between financial distress and injury type, expect for a slight
positive association between violence or machine injuries (2.8% or 3.3% respectively, p-value < 0.05)
and financial distress compared to the base case (see Table 2).

Table 2. Regression results on association between financial distress and injury type.

. 1 2 3 4 5

Variables

Fin. Stress Fin. Stress Fin. Stress Fin. Stress Fin. Stress
Injury: Transport 0.023 * 0.020 0.017 0.017 0.018
Injury: Violence 0.037 *** 0.033 ** 0.031 ** 0.029 ** 0.028 **
Injury: Fall 0.025 ** 0.024 ** 0.026 ** 0.018 0.018
Injury: Cut 0.012 0.015 0.015 0.018 0.018
Injury: Burn 0.001 0.005 0.010 0.015 0.016
Injury: Machine 0.038 *** 0.038 *** 0.034** 0.032 ** 0.033 **
Injury: Electrocution 0.007 0.008 0.007 0.009 0.010
Injury: Animal Bite 0.000 0.005 0.006 0.009 0.010
Injury: Blunt Object 0.012 0.021 * 0.019 0.013 0.013
Injury severity: Medium 0.031 *** 0.03 *** 0.022 *** 0.022 ***
Injury severity: High 0.022 *** 0.021 *** 0.016 *** 0.016 ***
Family/household size 0.002 *** 0.001 ** 0.001 **
Female —0.014 *** —0.006 *** —0.006 ***
Secondary education 0.005 ** 0.001 0.002
Age: 15-24 yrs. 0.006 0.005
Age: 25-64 yrs. 0.01 ** 0.01 **
Age: 65+ yrs. 0.013 ** 0.013 ***
District: Chandpur 0.053 *** 0.053 ***
District: Sherpur —0.011 *** —0.011 ***
District: Narshindi —0.010 *** —0.010 ***
SES: Medium 0.006 **
SES: Low 0.008 ***
SES: Lowest 0.006 **
Observations 42,327 42,327 42,327 42,327 42,327

***p <0.01,* p <0.05, * p <0.1. Data includes the injuries from individuals who were a source of family income
(35% of total fatal-injuries). Data excludes fatal injuries. Coefficients are interpreted as percentage point changes x
100 compared to their base case. The base case are the least frequent injuries with lowest total OOP: suffocation,
suicide attempt, poisoning and drowning. For example, among this sub-set of the population, there is a 2.8%
percentage point increase in the probability of financial distress among violence injuries compared to the base case,
holding other factors constant. For details and regression tests see the Supplementary Materials.

4. Discussion

This study evaluated the care-seeking patterns and economic burden of injured individuals
in Bangladesh using a household survey from 2013 covering 1.17 million rural people. Overall,
non-fatal injuries occur to 1 in 5 people in our sample per year. With average household size of 4.5 in
Bangladesh—every household has an injury every year. Highest risk age group is 25 to 64 year olds
followed by 5 to 9 year olds. Risk is 1.3 times higher in males than females. Care-seeking patterns
show that the probability of seeking treatment is lower for non-fatal than fatal injuries (88% vs. 45%
respectively). Among non-fatal injuries, most individuals sought healthcare services from drug
sellers/village doctors and at a pharmacy shop. A similar study on burn injuries among 0-18 year
olds also found that a significant portion sought care from unqualified service providers (60% vs. 85%
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and 17% from non- and fatal injuries, respectively) [21]. Among the fatally injured individuals that
sought treatment, less than half received care at a hospital.

Almost all (96%) of non-fatal injuries require out of pocket costs and average $21 and $395 (which
is 38% of the Bangladeshi gross domestic product (GDP) per capita, $1033 in 2013) for non- and
fatal injuries, respectively. A third of the OOP cost was from medicine expenditures, averaging
$13 and $178 for non- and fatal injuries respectively. The low probability for seeking registered
doctors and hospitalization may be explained by barriers to healthcare access or OOP costs deterring
usage [2,9]. For instance, among non-fatal injuries with OOP expenditures, the average cost for care by
a registered doctor was $76 higher than by other healthcare providers, or getting care at a hospital or
clinic was $69 higher than getting care at a pharmacy or home. Similarly, among fatal injuries, being
hospitalized cost on average $545 more than not being hospitalized. These large direct OOP payments
are catastrophic expenditures and can push households into poverty.

The largest portion of OOP expenditure was from falls and transport injures. These injuries
were among the costliest because of their high injury rate and average cost. Transport injuries had a
hospitalization rate of 7% with a median of 3 hospitalization days. A similar study on transport injuries
in Bangladesh found that these injuries were responsible for 5% of hospitalizations in primary and
secondary level hospitals, averaged 5.7 hospitalized days and cost on average $86 (in 2010 USD) [22].
Another study on burn injuries found an average cost of $217 (in 2008 USD) compared to $11 and $704
for non- and fatal injuries, respectively, in this study [23]. Drowning, suffocation and electrocution
had the lowest average cost because these were the least likely to seek care. But, if indirect costs were
included, these fatal injuries would be the costliest due to their lifelong lost productivity /income.

Previous evidence also showed that the majority of injured victims in Bangladesh had OOP
expenditures and similarly mostly for medicines, but average medicine OOP cost were lower than
in this study ($4 vs. $13) [6]. While this value may seem a small fraction out of the total GDP per
capita, this cost can be catastrophic for families in rural areas which has reported suffering from a
36% poverty rate, inadequate diet, periods of food shortage, and having half of the children chronically
malnourished [24]. Similarly, among fatal injuries, the average direct OOP cost is 38% of the GDP
per capita.

Reducing the direct economic burden of injured individuals could save Bangladesh $356 thousand
plus $5 thousand, from non-fatal and fatal injuries, respectively, for every 100,000 people. These costs
only reflect short-term direct savings but are substantially higher if considering the long-term direct
OOP costs and indirect costs. Prior evidence from LMICs show that while the median direct medical
cost for hospitalization was $291 (range $14-17,400), after adding indirect costs, the median cost
increased a 14-fold to US$4085 (range: $17-10,300) or 97% of GDP per capita [25]. While the indirect
cost and long-term direct estimates are beyond the scoop of this study, this study’s results show that
most household heads with injuries suffered financial distress from injury treatment related costs.

This study was limited by six months (for non-fatal injuries) to one year (for fatal injuries) of
self-reported injury and healthcare use and cost data. Also results only captured the short-term effects
of injuries. A longer study period could capture the long-term direct costs, particularly for the majority
of injuries still in recovery (64%) at the time of the survey. This study also excludes the economic burden
from indirect costs which are higher than direct costs [26,27]. Similarly, direct medical costs covered
by other public and private financing sources are not included. However, this study’s focus was on
capturing the direct OOP expenditures which are often not available in the cost of healthcare studies.
Lastly, financial coping mechanisms data was only available for the sub-group of the population with
injuries who were a source of family income. Data on financial coping mechanisms from all injured
individuals would show the full extent of financial distress among families with injured members.

5. Conclusions

Non-fatal injuries occur to 1 in 5 people in our sample per year. Living in Bangladesh imposes an
“injury tax” of $21 per household per year. This does not account for indirect costs, the pain, suffering,
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and income losses. High risk makes this a prevalent pathway into economic distress. One of the
best things Bangladesh can do for its citizens and its economy is to make communities safer. There
are promising policies that Bangladeshi communities can use to remove this “injury tax”. Leading
economic risks are falls, transport, cuts, blunt objects, violence, animal bites, and burns. Measures
include enforce occupational safety regulations, worksite inspection, home safety inspection and
promotion, CHW (community health worker) training on safe homes and farms, animal control for
stray /wild dogs.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/1660-4601/14/5/472/s1,
Care-Seeking Patterns and Direct Economic Burden of Injuries in Bangladesh.
Acknowledgments: This research was funded by Bloomberg Philanthropies.

Author Contributions: Yira Natalia Alfonso conceptualized the idea, conducted the analysis, wrote the first draft
and managed revisions. David Bishai conceptualized the idea, revised the analysis and edited the manuscript.
Olakunle Alonge, Adnan A. Hyder, Dewan Md Emdadul Hoque, and Md Kamran Ul Baset conceptualized the
idea, managed the data collection and reviewed the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

OOP Out-of-pocket

LMIC Low-and-middle-income-countries
HIC High-income-countries

NGO Non-governmental organization
SES Socioeconomic status

GDP Gross domestic product
References

1.  Institute for Health Metrics and Evaluation (IHME). GBD Compare—GBD Super Regions Pyramid.
Available online: http://vizhub.healthdata.org/gbd-compare (accessed on 10 June 2016).

2. Grimes, C.E.; Bowman, K.G.; Dodgion, C.M.; Lavy, C.B.D. Systematic review of barriers to surgical care in
low-income and middle-income countries. World J. Surgery 2011, 35, 941-950. [CrossRef] [PubMed]

3. Ahmed, SM.; Adams, A.M.; Chowdhury, M.; Bhuiya, A. Changing health-seeking behaviour in matlab,
Bangladesh: Do development interventions matter? Health Policy Plan. 2003, 18, 306-315. [CrossRef]

4. Islam, A.; Biswas, T. Health system in Bangladesh: Challenges and opportunities. Am. ]. Health Res. 2014, 2,
366-374. [CrossRef]

5. Ahmed, S.M.; Alam, B.; Anwar, I; Begun, T.; Huque, R.; Khan, J.; Nababan, H.; Osman, F. Bangladesh Health
System Review; Asia Pacific Observatory on Health Systems and Policies: New Delhi, India, 2015.

6.  Dalal, K.; Rahman, A. Out-of-pocket payments for unintentional injuries: A study in rural Bangladesh.
Intern. . Inj. Contr. Saf. Promot. 2009, 16, 41-47. [CrossRef] [PubMed]

7. Drummond, M.E; Sculpher, M.J.; Claxton, K.; Stoddart, G.L.; Torrance, G.W. Methods for the Economic
Evaluation of Health Care Programmes; Oxford University Press: London, UK, 2005.

8. O’Donnell, O.; van Doorslaer, E.; Rannan-Eliya, R.P.; Somanathan, A.; Adhikari, S.R.; Akkazieva, B.;
Harbianto, D.; Garg, C.C.; Hanvoravongchai, P.; Herrin, A.N.; et al. Who pays for health care in Asia?
J. Health Econ. 2008, 27, 460-475.

9. Van Doorslaer, E.; O'Donnell, O.; Rannan-Eliya, R. Paying Out-of-Pocket for Health Care in Asia: Catastrophic
and poverty Impact; Erasmus University Rotterdam: Colombo, Sri Lanka, 2005.

10. Van Doorslaer, E.; O'Donnell, O.; Rannan-Eliya, R.P.; Somanathan, A.; Adhikari, S.R.; Garg, C.C;
Harbianto, D.; Herrin, A.N.; Huq, M.N.; Ibragimova, S.; et al. Catastrophic payments for health care
in Asia. Health Econ. 2007, 16, 1159-1184. [CrossRef] [PubMed]

11. Bangladesh Bureau of Statistics (BBS). 2011 Population and Housing Census. Available online:
http://203.112.218.65/Census.aspx?MenuKey=43 (accessed on 10 June 2016).

112



Int. ]. Environ. Res. Public Health 2017, 14,472

12.

13.

14.

15.

16.

17.
18.

19.
20.

21.

22,

23.

24.

25.

26.

27.

Alonge, O.; Agrawal, P; Talab, A.; Rahman, Q.; Rahman, F; Arifeen, S.; Hyder, A. Fatal and non-fatal injury
outcomes in Bangladesh: Results from a large population study. Lancet 2017, under review.

He, S.; Alonge, O.; Agrawal, P; Sharmin, S.; Islam, L.; Mashreky, S.; Arifeen, S. Epidemiology of burns in
rural Bangladesh: An update. Int. J. Environ. Res. Public Health 2017, 14, 381. [CrossRef] [PubMed]

Hyder, A.A; Alonge, O.; He, S.; Wadhwaniya, S.; Rahman, F.; Rahman, A.; Arifeen, S.E. Saving of children’s
lives from drowning project in Bangladesh. Am. J. Prev. Med. 2014, 47, 842-845. [CrossRef] [PubMed]
Hyder, A.A.; Alonge, O.; He, S.; Wadhwaniya, S.; Rahman, F; Rahman, A.; Arifeen, S.E. A framework for
addressing implementation gap in global drowning prevention interventions: Experiences from Bangladesh.
J. Health Popul. Nutr. 2014, 32, 564-576.

Rao, ].N.K,; Scott, A.]. The analysis of categorical data from complex sample surveys: Chi-squared tests for
goodness of fit and independence in two-way tables. J. Am. Stat. Assoc. 1981, 76, 221-230. [CrossRef]
Wilcoxon, F. Individual comparisons by ranking methods. Biometrics 1945, 1, 80-83. [CrossRef]

Mann, H.B.; Whitney, D.R. On a test of whether one of two random variables is stochastically larger than the
other. Ann Math. Stat. 1947, 18, 50-60. [CrossRef]

Aldrich, J.H.; Nelson, ED. The Method of Probits; SAGE: Newbury Park, CA, USA, 1984.

International Monetary Fund (IMF). World Economic Outlook Database, April 2015. Available online:
http:/ /www.imf.org/external /ns/cs.aspx?id=28 (accessed on 15 November 2015).

Mashreky, S.R.; Rahman, A.; Chowdhury, S.M.; Svanstrom, L.; Shafinaz, S.; Khan, T.F.; Rahman, F. Health
seeking behaviour of parents of burned children in Bangladesh is related to family socioeconomics. Injury
2010, 41, 528-532. [CrossRef] [PubMed]

Mashreky, S.R.; Rahman, A.; Khan, T.F,; Faruque, M.; Svanstrom, L.; Rahman, F. Hospital burden of road
traffic injury: Major concern in primary and secondary level hospitals in Bangladesh. Public Health 2010, 124,
185-189. [CrossRef] [PubMed]

Mashreky, S.R.; Rahman, A.; Chowdhury, S.M.; Giashuddin, S.; Svanstrom, L.; Khan, T.E; Cox, R.; Rahman, .
Burn injury: Economic and social impact on a family. Public Health 2008, 122, 1418-1424. [CrossRef] [PubMed]
Rural Poverty Portal. Rural Poverty in Bangladesh. Available online: http:/ /www.ruralpovertyportal.org/
country /home/tags/bangladesh# (accessed on 10 June 2016).

Wesson, H.K.H.; Boikhutso, N.; Bachani, A.M.; Hofman, K.J.; Hyder, A.A. The cost of injury and trauma care
in low- and middle-income countries: A review of economic evidence. Health Policy Plann. 2014, 29, 795-808.
[CrossRef] [PubMed]

Chandran, A.; Hyder, A.A_; Peek-Asa, C. The global burden of unintentional injuries and an agenda for
progress. Epidemiol Rev. 2010, 32, 110-120. [CrossRef] [PubMed]

National Center for Injury Prevention and Control (CDC). Drowning Fatal Injuries, Nonfatal Hospitalized
Injuries and Nonfatal Emergency Department Treated and Released Injuries: Both Sexes, Ages 0 to 4, United
States, 2010. Available online: http:/ /www.cdc.gov/injury/wisqars/index.html (accessed on 10 June 2016).

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http:/ /creativecommons.org/licenses /by /4.0/).

113






MDPI
St. Alban-Anlage 66
4052 Basel, Switzerland
Tel. +41 61 683 77 34
Fax +41 61 302 89 18

http://www.mdpi.com
International Journal of Environmental Research and Public Health Editorial Office
E-mail: ijerph@mdpi.com
http://www.mdpi.com/journal/ijerph







MDPI

St. Alban-Anlage 66
4052 Basel
Switzerland

Tel: +41 61 683 77 34

Z
Fax: +41 61302 89 18 rM\D\Py
F

www.mdpi.com ISBN 978-3-03842-970-8



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



