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A B S T R A C T

This study examines individual- and household-level factors associated with human injuries caused by two
powerful earthquakes that hit Nepal on April 25 and May 12, 2015. A cross-sectional post-earthquake
survey design was adopted to accomplish the objective of this study. Using random sampling, two of the 31
affected districts (Sindhupalchok and Lalitpur) were selected. Five study sites from each of the two dis-
tricts were selected to administer questionnaire surveys. Focus group meetings and semi-structured formal
and informal interviews with key informants were also used to collect relevant data. Building on previous
studies, we considered nine risk factors for earthquake injuries in this study: five individual-level factors
and four household-level factors. Using a goodness-of-fit chi-square test, we identified statistically sig-
nificant risk factors of earthquake injuries in Nepal. Our results show that out of the nine factors, one
individual-level factor – age – and two household-level factors – monthly income and type of main
dwelling – were statistically significant. While long-term efforts to improve the economic conditions of
those affected will reduce earthquake injuries, in the short-term, requiring seismic-resilient features in
new construction and repairing damaged houses will substantially reduce earthquake injuries.
Fortunately, the Nepalese Government has been ensuring that all houses are rebuilt and repaired to
earthquake-resistant standards.

1. Introduction

Natural disasters produce a wide range of direct and indirect health
impacts [1]. The direct health impacts of disasters include death and
injury. Among other factors, the extent and nature of these impacts
depend on disaster types. Because earthquakes are unpredictable,
sudden-onset, cover relatively large geographic areas, these events,
particularly ones with relatively high magnitude, tend to cause more
death and injury than other natural disasters. Another factor associated
with the high rate of earthquake-induced casualties is the number of
vulnerable people exposed to such an event [2]. In general, earthquakes
inflict more injury than mortality [3], with the average ratio around
3:1, three injuries to every fatality [4].

The primary objective of this study is to analyze the factors asso-
ciated with human injuries caused by two powerful earthquakes that
struck Nepal on April 25 and May 12, 2015. Although a considerable
number of studies [e.g., [5–18]] have examined various aspects of in-
juries caused by earthquakes, the overwhelming majority of these stu-
dies used an epidemiological approach, and are thus based on retro-
spective review of operative data from hospital log books and medical

records or discharge reports of patients admitted and treated mostly at a
single hospital for a specific time period. A notable exception to these
hospital-based earthquake injuries studies is one by Johnston et al. [19]
who investigated causes of injury during the 2010/2011 Canterbury,
New Zealand, earthquakes. However, they used the secondary data
obtained from the New Zealand Accident Compensation Corporation
(ACC).

Moreover, most of the available studies on earthquake injuries
considered only one type of injury (e.g., scald, crush, acute traumatic,
or musculoskeletal injuries), selected to examine only moderate, ser-
ious, or multiple injuries, and only one segment of the injured popu-
lation, such as the pediatric population [17,20,21]. Less-severe injuries
are generally treated outside the hospital setting [22,23]. Therefore,
these studies were not representative of the spectrum of injuries sus-
tained in the earthquake. Without information on the population at
risk, identification of factors associated with seismic injuries is not
feasible [20]. The present study is undertaken to fill this research gap.
Findings of this study will be useful for policy makers, emergency
managers, and public health professionals to prevent and reduce in-
juries caused by earthquakes in Nepal as well as other earthquake-
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prone countries. A comprehensive understanding of the risks for
earthquake-related injuries is also needed to design programs to pre-
pare for earthquakes and mitigate their effects.

The remainder of this paper is arranged as follows. The next section
presents a review of studies dealing with risk factors associated with
earthquake-induced injuries. This review was used to help select the
appropriate determinants of injuries for this study. Section 3 introduces
this study's methodology and includes a brief description of the study
area, data collection procedure, sampling process, and analytical tools
used for this study. Section 4 presents the study results, and the last
section offers concluding remarks.

2. Literature review

Many factors contribute to earthquake injuries. The majority of in-
juries sustained from an earthquake happen because of damage to
buildings or other structures from the energy of the earthquake [24].
Therefore, one's location during the event could play an important role
in the resulting injuries and fatalities. Also, building height and con-
struction materials, as well as the building codes that engineers must
follow can affect the extent of injury following an event [11]. Analyzing
the deaths and injuries caused by the Armenian earthquake in 1988,
Armenian et al. [6] reported a higher risk of injuries for anyone who
was indoor, in taller buildings, and on the upper floors of concrete
panel buildings during the earthquake. They claim that being inside
increased the risk of injury by 2.3.

Generally, residents of high-raised, multiple-unit residential and
commercial structures faced an increased injury risk compared with
those in single-unit residential structures. Within taller buildings, there
was a maximum 60% increase in risk for injuries [9]. Those in precast
concrete frame buildings faced additional risk, as rigid concrete struc-
tures and masonry buildings could not attenuate ground motion and
were thus prone to collapse. Lightweight wooden structures that bend
and deform without breaking may fare better than much stronger, but
brittle, concrete structures that lose their rigidity. The majority of
single-family homes in developed countries, particularly in the United
States, are wooden structures that are relatively stable in earthquakes
[9].

In contrast to Armenian et al.'s [6] findings regarding the risk of
multiple-unit structures versus single-family units, data collected by
Peek-Asa et al. [9] after the 1994 Northridge, California, earthquake,
found no significant risk of injury difference between multi-unit re-
sidential structures and single-family homes [also see [11]]. This is
because the building stock in southern California is subject to building
codes and retrofitting that makes buildings less vulnerable to collapse.
Instead, they reported association between severe injury and the age of
the building. Risk was moderately greater in newer buildings—those
constructed after 1975—and in residential multiple-unit and commer-
cial structures when compared with single-family homes [20]. Still,
irrespective of structure type, building or structural damage was a
strong predictor of earthquake injury. Location in close proximity of
buildings and other structures during earthquakes was also considered
a risk factor for injuries. In contrast, the risk of injury in open areas such
as fields or in the countryside was found to be very low [25].

Other built environments, such as bridges, roadways, or freeways,
are also vulnerable to earthquake damage. Collapse of these structures
often causes both deaths and injuries [7]. Motor vehicle crash fatalities
and injuries were also tied to damage to transportation infrastructures,
such as nonfunctional traffic signals and road lighting [7,9]. During the
Northridge earthquake, 15% of fatal injuries were motor vehicle related
and were primarily due to disruptions in traffic control devices [7].

Risk of injury during an earthquake is inversely related to the dis-
tance from the earthquake epicenter or the rupture plane [26]. In ex-
amining how individual characteristics, building characteristics, and
seismic features of the 1994 Northridge, California, earthquake con-
tributed to physical injury, Peek-Asa et al. [9] reported that every

kilometer increase in distance from the rupture plane led to a 10%
reduction in the risk of injury. For example, a town could be affected by
shaking from a magnitude 9.0 earthquake but because it is located
1000 miles (1500 km) away, the shaking is very small. Towns built near
the epicenter of the 9.0 magnitude earthquake will likely experience
severe shaking. Severe shaking, or “intensity” can be measured either
physically by looking at the spectral accelerations or peak ground ac-
celeration or velocity (PGA or PGV), or through quantitative damaged
measures such as Modified Mercalli Intensity (MMI).

The intensity of an earthquake at a site where people/buildings are
located by far the most important measure when assessing impacts from
such event. Earthquakes are more likely to cause greater damage, in-
juries, and deaths, if the epicenter locates in an urban area as opposed
to a rural location [9].

However, Ramirez and Peek-Asa [20] claim that distance from the
epicenter may misrepresent localized strength or severity of shaking.
This is because other factors also influence wave transmission during a
seismic event, including ground composition, liquefaction, and land-
slide susceptibility [also see [27,28]]. For example, an area with allu-
vial soil, which has high water content and thus is very effective in
transmitting energy waves, may exhibit greater damage, injuries, and
deaths even if far removed from the epicenter [29,30].

Shoaf et al. [22], Peek-Asa et al. [8,9], and Mahue-Giangreco et al.
[11] also found that peak ground acceleration in the 1994 Northridge,
California, earthquake was highly predictive of both fatal and nonfatal
injury. This acceleration quantifies seismic energy based on the speed of
acceleration of the ground at localized points. Acceleration for specific
latitude and longitude coordinates is interpolated from underground
sensors. Because these sensors are not in place in most earthquake-
prone developing countries, the use of peak ground acceleration as a
worldwide measure is limited. Earthquakes can occur anywhere from at
the surface to 467 miles (700 km) below. In general, deeper earth-
quakes are less damaging because their energy dissipates before it
reaches the surface.

Other seismic risk factors associated with injuries include the
magnitude and severity of the event, occurrence of aftershocks, land-
slides, tsunamis, fires, and surface rupture [20]. Magnitude, a measure
of the amount of energy released by the geophysical process, is gen-
erally perceived as directly associated with deaths and injuries. How-
ever, after review of 13 earthquakes that occurred between 2001 and
2011, Shapira et al. [31] found no strong association between magni-
tude and the number of casualties in each event. In addition, for studies
of a single earthquake, magnitude has limited value, providing one
exposure measure for the entire earthquake but not for individuals
[19]. Strong aftershocks could possibly cause additional injuries and
threaten the safety of local rescue teams. In mountainous regions,
ground shaking may trigger landslides, rock and debris falls, rock and
debris slides, slumps, and debris avalanches – and all of these tend to
increase the number of earthquake-induced injuries [32].

The nature of the ground at the surface of an earthquake can also
have a profound influence on the level of damage and extent of injuries
and deaths. Loose, sandy, and soggy soil can liquefy if the shaking is
strong and long enough [9]. Earthquake-induced tsunami is another
factor that causes death and injuries as was the case with the 2011
Tohoku earthquake in Japan [33]. Time of the event is also important
in determining the amount of injuries that may result. If an earthquake
occurs during nighttime, early morning, or rush hours, there is a greater
incidence of injuries. This is because most afflicted people are either at
home asleep or on their way to their homes at the time of the disaster. If
the earthquake occurs during the daytime, the extent of injuries seems
to be lower than at night-time because a considerable number of people
will be outdoors [22]. However, analyses of the timing of earthquakes
and potential exposures can be conducted only in the context of mul-
tiearthquake studies.

The number of injuries and death also differs depending on whether
the earthquake occurs in a developed or developing country. Because of
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the greater concentration of people, widespread poverty, and poor
housing conditions, risk of injuries is higher in developing countries
compared to developed countries [20]. In both types of countries, the
risk is higher in urban areas than the rural areas. However, the risk is
greater in urban areas of developing countries than developed coun-
tries. A relatively high proportion of people in urban areas of devel-
oping countries may be forced to live in unsafe structures or sub-stan-
dard facilities that are more likely to collapse during an earthquake.
The destruction in any urban setting is so great because there are more
people crowded into a relatively smaller area.

Several studies [e.g., [10,11,19,26,31]] further claim that the
number of earthquake injuries is associated with two demographic
variables: age and gender. Peek-Asa et al. [9] and Johnston et al. [19]
reported that the elderly and females have an independent risk [also see
[26]]. This could be due to decreased resiliency to injury or perhaps in
the elderly to a decreased ability to take protective action. For females,
increased injury risk may be introduced when mothers attempt to
protect children. Individuals over age 65 had 2.9 times the risk of injury
as younger people and women had 2.4 times greater risk than men [26].
The literature, however, shows an inconsistent association between
injury and these two demographic characteristics [20]. People with
physical disabilities have also been identified as having an increased
risk of injuries [34].

Individual behavior is also associated with extent of injuries.
Turning off oil stoves or electricity to prevent fire, protecting property
from falling, and running outside all were related to decreased injuries
and casualty rates during earthquakes in southern Italy and Armenia
[35,36]. However, currently there is no unified recommendation on
how to properly act during an earthquake. For example, the Depart-
ment of Conservation in California, USA, recommends that people who
are indoors during an earthquake not run outside and instead stay in-
side and get under – and hold onto a desk or table, or stand against an
interior wall. The Department further discourages taking refuge in the
kitchen, close to heavy furniture, fireplaces, and appliances. Contrary to
this, Armenian et al. [36] reported that during 1988 Armenian earth-
quake, death and injury was substantially elevated among those who
remained indoors compared with those who exited buildings.

Following Parrish et al. [37] and Logue et al. [38], the aforemen-
tioned factors associated with earthquake-induced injuries are grouped
as host, agent, and environment characteristics (Fig. 1). Individuals and
household characteristics are together considered host characteristics
because they are inseparable. For example, age and gender are known
risk factors for earthquake injuries and these are individual character-
istics. As noted, injury probabilities of individuals depend on the type of
housing in which they live, which, in turn, generally depends on
household income, particularly in developing countries. Type of
housing and income are both household characteristics. Similar to host,
environment can be dichotomous as built (e.g., housing type, bridges,
and roadways) and natural (e.g., geology and soil types) environment.
Because housing type is an important component of both host and build
environment, there is some overlap between host and environment
characteristics (Fig. 1). A similar overlap is also found between host and
agent characteristics. For example, distance from the epicenter is both a
host and an agent characteristic.

Although host, agent, and environmental characteristics have in-
dependent associations with earthquake-induced death and injury,

these factors also interact in many situations to increase risk [20]. For
example, seismically stable structures constructed on loose soil may
collapse in an earthquake, while less stable structures located on solid
rock may remain standing in an earthquake of the same magnitude. The
former may cause injury and death, but not the latter. As noted, the
objective of this study is to examine host characteristics as factors as-
sociated with the 2015 earthquake-induced injuries in Nepal.

3. Research methods

3.1. Study design

Cross-sectional studies are common in social science disciplines and
such studies typically use a post-event survey to assess various ex-
posures and outcomes [e.g., [39,40]]. This type of survey is an efficient
way to track mortality and morbidity caused by natural disasters. A
cross-sectional post-earthquake survey design was therefore adopted to
accomplish this study's objectives. As noted, Nepal experienced two
major earthquakes in 2015 – one on 25 April and the other on 12 May.
The magnitude of the first earthquake was 7.8 and the second one was
7.3 on the Richter scale. The epicenter of the April 25, 2015, event was
Barpak village of Gorkha District, about 50 miles (80 km) northwest of
Kathmandu, the capital city of Nepal. The epicenter of the May 12,
2015, earthquake was near Kodari, close to the border of Dolakha and
Sindhupalchok districts (Fig. 2). Kodari is about 50 miles (80 km)
northeast of Kathmandu. These two epicenters are located in two dif-
ferent topographic regions – Barpak is in the central hill region and
Kodari in the mountain region. Similarly, they are located in two dif-
ferent development regions – one is in the western and the other one is
in the central development region.1

These two major earthquakes affected 31 of the 75 districts of
Nepal. For the purpose of rescue operations, the government of the
country declared 14 of the 31 affected districts as “crisis-hit” and the
remaining 17 neighboring districts as partially affected [41,42].2 Using
random sampling, two of the 31 affected districts (Sindhupalchok and
Lalitpur) were selected for this study. Sindhupalchok district belonged
in the crisis-hit category, while Lalitpur is in the partially affected ca-
tegory. The former district is located in a mountain region, while the
latter district is in a hill region.

With 1573 injuries, Sindhupalchok district ranked third in the
number of injuries after Kathmandu and Lalitpur districts. The latter
two districts experienced 7949 and 3052 injuries, respectively [41].
When transformed into injury rate per 1000 people, the rate does not
differ much between the two study districts. The calculated injury rate
for Sindhupalchock district was 5.47 per 1000 people and the corre-
sponding rate was 6.52 per 1000 for Lalitpur district. The latter district
is more urbanized and hence has a higher density of population than
the former (1216 versus 113 persons per sq. mile) and for this reason
more people sustained injuries in Lalitpur district. However, with 2071
deaths, Sindhupalchok district recorded the highest death toll as well as
the highest per capita death rate with more than seven deaths per 1000
residents [43]. Selected demographic and other relevant statistics of the
two selected districts are presented in Table 1.

From each selected district, five study sites (Bahrabise VDC, Irkhu
VDC, Selang VDC, Chautara MP, and Melamchi MP from Sindhupalcok
district, and Bhattedanda VDC, Ghusel VDC, Karysvinayak MP,
Mahalaxmi MP, and Lalitpur SMC from Lalitpur district) were selected
(Fig. 2).3 This selection occurred after consulting with Nepalese gov-
ernment officials, officials of nongovernmental organizations (NGOs),
and academicians and researchers from the Tribhuvan University, Kir-
itpur, Kathmandu, Nepal. From each study site, respondents were se-
lected randomly and the number of respondents was almost similar in
the size in two selected districts – 152 in Sindhupalchock district and
150 in Lalitpur district.

The main data source for this study was field surveys conducted
among individual households living in 10 selected study sites. TwoFig. 1. Group of factors associated with earthquake-induced injuries.
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months prior to the field survey, a structured questionnaire was de-
veloped by two members of the US research team. One of these two
members is originally from Nepal. The questionnaire was sent to the
Nepalese research team and the team made several changes. The
questionnaire contained 27 questions, including several questions on
the type, nature, and circumstances of injuries. Respondents’ socio-
economic and demographic characteristics, along with other relevant
information, were also collected using the questionnaire, which was
pre-tested to assess adequacy and relevance, as well as to address any
deficiencies. The questionnaire met the research ethics standards re-
commended by the Institutional Review Board (IRB) of the University
Research Compliance Office at Kansas State University (KSU) and hence
the IRB approved the administration of the questionnaire.

The questionnaire survey was conducted during October 2015 by
seven Nepalese field investigators. All the investigators were either
teaching or studying at local colleges/schools at the time of the survey.

Three of the seven field investigators were female. All investigators
received one week of training in Kathmandu by a research and training
organization, Social and Academic Innovations Place (SAIPL). The
training was conducted by its director, and he also led the field survey.
This project, which is funded by the National Science Foundation (NSF),
requires conducting the field surveys rather quickly in order to collect
original, accurate, and time-sensitive data that has the propensity to
remain uncollected or collected in a less rigorous manner.

Respondents for this study were selected using random sampling.
Before commencing interviews, participants were briefed regarding the
purpose, consequences, and benefits of this research. They were also
informed that they would not receive cash or other types of rewards for
participation, their participation was strictly voluntary, and that they
had the right to withdraw from the study at any time without any
compensation. Furthermore, they were told they could refuse an-
swering any questions that made them uncomfortable. Although the
respondents were not briefed on how the collected data would be
stored, they were informed that the data would be used strictly for this
study, all information provided by the respondents was kept con-
fidential, and their names would not be in the data collection process.

Although core information was collected through questionnaire
surveys, four focus group meetings (FGMs) were conducted to gain a
holistic understanding of public response to the extreme event as well
as to injured persons. These FGMs were held in only three of the five
study sites of Sindhupalcok district: two in Chautara, the district
headquarters, and one each in Melamchi and Shikharakhpur. Each FGM
was attended by eight to 12 persons and held on school premises. Two
FGMs were attended by both males and females; however, because of a
request by some female participants, a separate focus group meeting for
males and females was conducted in Chautara (Table 2). FGP partici-
pants were selected by local field investigators. They selected

Fig. 2. Study area.

Table 1
Selected characteristics of the sampled districts.
Source: [41].

Characteristic District Nepal

Lalitpur Sindhupalchok

Population Density (persons/sq. km) 1216 113 180
Literacy Rate (%) 73 62
Urban Population (%) 48 9
Ecological Belt Hill Mountain –
Development Region Central Central –
Per capital Disaster Effects (NPR/person) 52,765 233,370 130,000
Pre-Disaster Human Development Index

(HDI)
0.601 0.455 0.491
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participants in such a way that all socioeconomic classes, caste, age
groups, and occupational categories were represented in the FGMs.
Prior to each FGM, prospective participants from the respective study
sites were asked whether they were willing to take part in the meetings.

The majority of the participants were literate and their level of
education ranging from third grade to 12th grade. One-third of the
participants experienced earthquake-induced injuries in their house-
holds. Their ages ranged from 21 to 63 years with an average age of 39
years. The first author, who was the Principal Investigator (PI) for the
project, and the Director of the SAIPL moderated the FGMs; each lasted
for about two hours. FGMs and interviews were conducted during the
first week of January 2016.

Qualitative methods, such as semi-structured interviews with im-
portant stakeholders, and informal and formal discussions with village
leaders, NGO and GO officials, and workers involved in responding to
earthquake emergency aid were also used to collect relevant informa-
tion for this study. In addition, two former members of the Nepalese
parliament were formally interviewed about the event in
Sindhupalchock district. Pertinent information was also collected from
secondary sources, such as government offices and relevant reports
published on Web sites and in Nepalese newspapers. Peer-reviewed
academic literature was also searched for information on injuries
caused by the 2015 Nepalese earthquake.

3.2. Selection of factors and analytic approach

Based on information presented in the Literature Review, nine host
characteristics are considered as factors for earthquake injuries in this
study. Of these nine factors, five (gender, age, level of education, place
of residence by study district, and place of residence by rural/urban
areas) are individual-level factors, and the remaining four (monthly
household income, type of main dwelling, household size, and ethni-
city) are household-level factors. Potential agent and environmental
risk factors were not considered because inclusion of these factors is
relevant only for studies dealing with multiple earthquakes in more
than one country with significant environmental variations [20].

The statistically significant risk factors of human injuries caused by
earthquakes were identified using the goodness-of-fit chi-square test
[44]. This test compares the observed frequency counts of a single ca-
tegorical variable with an expected distribution of frequency counts
allocated over the same categories. It applies to a single categorical
variable to examine if the distribution among categories matches a
theoretical expectation. The test statistic (Χ2) is defined by the fol-
lowing equation:

= −Χ Σ O E E[( ) / ]i i i
2 2

where Oi is the observed frequency count for the ith level of the cate-
gorical variable, and Ei is the expected frequency count for the ith level
of the categorical variable. If the difference between observed and ex-
pected frequency is very high, the variable is likely to be statistically
significant; if the difference is low then the variable is not statistically
significant. The expected frequency for each of the selected risk factors

was computed using the total number of individuals considered in this
study for individual-level variables (n = 1520) and total number of
households for household level variables (n = 302). Both the individual
total and household total were used as the at-risk population, and the
expected frequency of injuries was calculated using the respective
proportion of the at-risk population. The null hypothesis assumes that
there is no significant difference between the observed and the expected
value.

4. Results

A total of 302 respondents were interviewed from two study dis-
tricts. Of these respondents, 104 (34.44%) were heads of sample
households, and the remaining respondents were senior members of
households. These members represented households either because
household heads were not at home at the time of the questionnaire
survey or heads of the households asked them to participate in the
survey. However, the total number of individuals in the 302 households
was counted as 1520. This means, on average, the households consisted
of 5.03 people, which is similar to the national median household size
[45]. The other selected characteristics of the respondents can be found
in Paul et al.'s study published in 2017 [43].

4.1. Number, types, and causes of injuries

The questionnaire survey data reveals that 107 persons from 89
households sustained various types of injuries in the study districts.
These included both single and multiple injuries, but no attempt was
made to differentiate between these two types of injuries. The number
of persons injured in sampled households ranged from one to three.
Seventy-two of the 89 households (81%) had only one member that
sustained injury. Because Sindhupalchok district is closer to the epi-
center of the May 2015 earthquake, we expected more injuries from this
district than from Lalitpur district. The total number of injuries caused
by both earthquakes was higher among the sampled households in the
former district compared to the latter district (64 versus 43). It is
worthwhile to mention that no one beyond household members, such as
tourists or outside rescue workers, were considered subjects of interest
in this study.

Earthquake injuries could occur during the earthquake event itself,
during subsequent events, during search and rescue operations, or
during cleanup efforts. In this study, all the 107 people sustained in-
juries during the event. After serious injuries, five people died and they
were not included in this study. No injury occurred due to aftershocks
and landslides that occurred after the two main events. The delayed
collapse of unsound structures was also not reported and hence no one
was injured from delayed collapse of structures. Similarly, respondents
reported no falling of trees as a result of shaking, so no one sustained
injury caused by falling trees. It also seems that no one was injured
during search and rescue operations, or during cleanup efforts. The
survey team members suspected that several people sustained minor
cuts during cleanup efforts, but respondents did not report such injuries
to the team members.

Due to the abrupt and violent nature of earthquakes, 47 (44%) of
the 107 injuries were caused by falling objects. This is somewhat con-
sistent with the study by Johnston et al. [19]. Thirty-two or 30% re-
spondents sustained injuries while they were running way from the
house; and 24 or 22% of the sustained injuries because of entrapment as
well as collapse of an outer wall at the time of the earthquake. All of
these people were inside the main dwelling or in the kitchen at the time
of the earthquake. Only 4 (4%) sustained injuries while saving others
who were inside the dwelling. Because the main earthquake occurred
on Sunday, the weekly holiday, the overwhelming majority of the
people who were injured were inside residential structures.

Relatively few cases of entrapment were reported in the study dis-
tricts primarily because of absence of concrete structures. The injuries

Table 2
Details of Focus Group Meetings (FGMs).

Attributes of FGMs Site

Chautara Melamchi Shikharakhpur

Number of FGMs 2 1 1
Number of Participants 20 8 10
Gender Composition All Males (8)a Males (2) Males (6)

All Females (12) Female (4) Female (4)
Ethnic Composition Mixed Mixed Mixed
Socio-economic Classes Mixed Mixed Mixed

a Numbers are provided within parentheses.
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that were encountered most frequently in the study districts included
cuts, bruises, broken bones, crush injuries, asphyxia, and head trauma.
Most of the injuries affected the extremities, which was similar to the
Gujarat earthquake [12]. No burn injuries were reported. Information
about the disability status on injured persons or treatment of injuries
was not collected. No one reported loss of limbs or other body parts.

4.2. Individual-level factors associated with injuries

Two demographic characteristics of hosts, gender and age, are
widely considered risk factors for earthquake-induced injuries [e.g.,
[9,46]]. Information presented in Table 3 shows that almost an equal
number of males and females were injured as a result of the 2015 Nepal
earthquakes. Since the sex ratio is slightly favorable for males in the
sampled survey, relatively more males sustained injuries. The observed
difference in the number of injuries between males and females is only
one, but the expected difference is three (Table 3). The goodness-of-fit
chi-square test confirms that the gender difference is not statistically
significant.

Several reasons could account for this insignificance. One reason
might relate to the timing of the earthquake. During the 2015 April and

May earthquakes in Nepal, most males and females of the affected areas
were outdoors in open spaces because both events occurred at noon.
The timing could also have impacted the number of injuries of women
in Nepal. Women are thought to be more vulnerable to earthquake
injuries in part because they are more likely than men to be assigned
the role of looking after and protecting children in the family [9,46,47].
However, this did not seem to factor into injuries in this study, most
likely because the April earthquake occurred on a weekly holiday re-
sulting in more children being outside during the event. The May
earthquake occurred on a weekday, so many children were at school.
Thus, not many women had to go inside the house to bring their chil-
dren outside. Regardless of why, the insignificance of gender difference
is not a surprising finding because the literature shows an inconsistent
association between gender and injuries caused by earthquakes
[1,9,20,46].

Regarding age as a factor of earthquake-induced injuries, as in-
dicated, the elderly have an elevated risk of injury from earthquake
events. Survey data shows that the average age of injured survivors was
41 years. Data presented in Table 3 reveals that among four age groups
considered in this study, three (0–14, 40–64, and 65 and above) sus-
tained a higher percentage of injuries compared to their share of the
total study population. For example, the 40–64 age group accounted for
about 25% of the study population, but this group accounted for nearly
48% of all injuries caused by the 2015 Nepal earthquakes. The chi-
square value presented in Table 3 clearly suggests that age is a statis-
tically significant factor of earthquake injuries. This finding is con-
sistent with previous studies [e.g., [10,15,47,48]]. In this study, this
risk factor became significant because of the two age groups: 15–39 and
40–64 age groups. The difference between observed and expected
number of injuries was much higher than the corresponding difference
between other age groups.

The 15–39 age group had the least risk of injuries from the earth-
quakes in Nepal because this group accounted for 46.45% of the total
population, but only 19.63% of them were injured (Table 3). This is
consistent with most available studies [e.g., [31]], but contradicts the
finding of Johnston et al. [19] who reported that middle-aged people
have a higher relative risk of injury from earthquake. However, in
contrast to the 15–39 age group, the 40–60 age group had the highest
risk of injuries followed by those aged 65 and above, and then those
aged 0–14. It is likely that more members of the 40–64 age group stayed
inside homes than members of other age groups. Also, mobility of
members of this group, particularly those 50 years old and over, was
restricted. These two factors might be associated with their risk level.

Available literature is silent about the relationship between in-
dividuals’ level of education and earthquake injuries. To explore this
relationship, Table 3 provides information on education for all re-
spondents considered in this study. Level of education is expressed in
terms of number of years of schooling and categorized into three
groups. Contrary to the expectation, no relationship exists between
these two variables because the calculated chi-square value is low and
not statistically significant. This relationship might be caused because
of use of only three levels of education. An additional level, say 10 and
above, could provide a different relationship between level of education
and number of injuries. However, no such attempt was made because
the number of people with more than 10 years of schooling was much
less compared to other categories used for this factor.

The remaining two individual characteristics of the respondents
selected are place of residence in terms of district and type of residence
in terms of rural or urban. The first characteristic, to some extent, also
reflects respondents’ distance from the epicenter, which represents one
of the agent characteristics. As noted, the epicenter of the April earth-
quake was Barpak village of Gorkha district, and the epicenter of the
May earthquake was near Kodari. The first epicenter was closer to
Lalitpur district and the second one to Sindhupalchoc district.
Therefore, we did not expect much injury differences between these
two districts. However, the former district ranks second after

Table 3
Selected host characteristics as risk factors of earthquake injuries in Nepal.

Variable Study population
number (%)

Observed injuries
number (%)

Expected injuries
(number)

Gender
Male 782 (51.45) 54 (50.47) 55
Female 738 (48.55) 53 (49.53) 52
Chi-square = 0.037 (d.f. = 1; p = 0.084)

Age group
0–14 330 (21.71) 25 (23.36) 23
15–39 706 (46.45) 21 (19.63) 50
40–64 377 (24.80) 51 (47.66) 27
65 and above 107 (7.04) 10 (9.35) 7
Chi-square = 39.613 (d.f. = 3; p = 0.000)

Level of education (number of years in school)
Illiterate 438 (28.81) 33 (30.84) 31
1–5 659 (43.38) 48 (44.86) 46
> 5 423 (27.82) 26 (24.30) 30
Chi-square = 0.754 (d.f. = 2; p = 0.687)

Place of residence (by study district)
Sindhupalchok 777 (51.12) 64 (59.81) 55
Lalitpur 743 (48.88) 43 (40.19) 52
Chi-square = 3.030 (d.f. = 1; p = 0.082)

Place of residence (by rural-urban areas)
Rural 771 (50.72) 63 (57.94) 54
Urban 749 (49.25) 44 (42.06) 53
Chi-square = 2.700 (d.f. = 1; p = 0.1000)

Monthly household income (in Nepalese Rupees – NPR)
Up to 9999 122 (40.00) 26 (24.30) 43
10,000–19,999 144 (47.68) 35 (32.71) 51
> 19,999 36 (11.92) 46 (42.99) 13
Chi-square = 95.510 (d.f. = 2; p< 0.000)

Type of main dwelling
Pucka 49 (16.23) 8 (7.48) 17
Kutcha 253 (83.77) 99 (92.52) 90
Chi-square = 5.051 (d.f. = 1; p = 0.025)

Household size
1–3 50 (16.56) 12 (11.21) 18
4–7 223 (73.84) 84 (78.51) 79
> 7 29 (9.60) 11 (10.28) 10
Chi-square = 2.420 (d.f. = 2; p = 0.298)

Ethnicity
Hill Brahman 122 (40.40) 46 (42.99) 43
Hill Janajati 144 (47.68) 46 (42.99) 51
Hill Dalits 36 (11.92) 15 (14.02) 13
Chi-square = 1.012 (d.f. = 2; p = 0.604)
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Kathmandu district in terms of number of injuries, while Sindhupalchok
district ranks third. Lalitpur residents experienced many more injuries
from the first earthquake than those in Sindhupalchok district (3052
versus 1573). The reverse is true for the second major earthquake.

Table 3 presents information on district residential status of the
respondents. Respondents of Sindhupalchok district accounted for
slightly over 51% of the study population, but nearly 60% of them
sustained injuries. In contrast, respondents of Lalitpur district ac-
counted for nearly 49% of the respondents, but they sustained injuries
less than their share of the total respondents (Table 3). However, this
difference was not statistically significant. The same is also true for type
of resident by rural and urban areas. This is primarily explained in
terms of quality of housing, which is not much different between
Sindhupalchoc and Lalitpur district as well as rural and urban areas in
Nepal.

4.3. Household-level factors associated with injuries

In addition to the five individual-level characteristics of the person
sustaining injuries during the 2015 Nepal earthquakes, four household-
level characteristics were also considered. Income is one of these
household-level characteristics. Table 3 shows that monthly household
income in Nepalese rupees (NPRs) is categorized into three groups: up
to NPRs 9999; NPRs 10,000–19,999; and NPRs> 19,999. The table
further shows that the expected frequency of the injuries was higher
than the observed frequency for the first and third income groups. This
implies an inverted “U”-shaped relationship between monthly house-
hold income and earthquake injuries. Thus the risk of earthquake in-
juries was lowest for the highest income group followed by the lowest
income group. The risk was highest for the respondents of the middle
income group.

The above variation of risk was probably associated with the quality
of the main dwelling. The main dwellings of the lowest income group
were made of the least costly materials, such as straw, bamboo, mud,
locally available stone, and sun-dried brick. The 2001 Population
Census of Nepal considered these as Kachchi or temporary houses [49].
These types of houses are generally smaller in size compared to their
counterparts, Pakki and Ardha-pakki (semi-pakki) houses.4 A collapse of
a Kachchi type of structure would cause relatively few injuries. Ad-
ditionally, these structures suffered less damage from earthquake due to
their light weight [50,51]. Another reason for lower than expected
numbers of injuries for households earning less than NRPs. 10,000 was
that relatively more of these people were outside the home during the
earthquake than their wealthy counterparts. The former were har-
vesting the crops or engaged in other outdoor manual works.

In contrast, houses of respondents of the highest income group were
structurally strong as these houses were generally built with concrete.
The collapse rate was lowest for this type of house. Damage and de-
struction of houses of the second income group was relatively more
likely to result in deaths and injuries because these houses were built
partially or entirely by tin either as roof and/or wall materials.

In addition to the main dwelling, most rural households also own
kitchens. Households with livestock often have cattle sheds, locally
called goths. Both of these are independent structures, and much smaller
in size and weaker structurally than the main dwellings. As is evident
from Table 3, main dwellings are dichotomized into two types: the
masonry and reinforced concrete buildings (i.e., Pakki and Ardha-pakki
buildings) and other buildings (kachchi buildings). Most of the pakki
and ardha-pakki buildings had tin roofs, while the straw was used as
roof material for a considerable proportion of kachchi dwellings. As
noted, collapse of kachchi dwellings generally caused fewer injuries
compared to houses with tin or concrete roof, particularly in Nepal,
where there is little or no implementation of building code.

As expected, slightly over 16% of the study households had pakki
dwellings and the overwhelming majority of these and other dwellings
were single story. The number of observed injures was higher than the

expected injuries in the case of kutcha houses, while the reverse is true
for the pakki housing. The survey data reveals that 82% of all main
dwellings totally collapsed. Kachchi dwellings accounted for about 93%
of all destroyed buildings. This explains why a higher than expected
number of people were injured in the case of households with kachchi
housing. It must be noted that many households with monthly income
NPRs>10,000 also owned kachchi dwellings.5 The survey data also
suggest that almost all injuries were caused by either collapsing of main
dwellings or falling of debris.

Based on the literature review, we assumed a positive association
between household size and the number of injuries. But no such asso-
ciation was found. In fact, the expected number of injuries was higher
than the observed number of injuries only among households with
members ranging from one through three (first household size category
in Table 3). We also expected ethnicity would appear as an important
factor for earthquake injuries. Like the household size, ethnicity is
grouped into three categories (Table 3). In the case of ethnicity, we
hypothesized that dalits would experience the highest number of in-
juries compared to the other two ethnic groups considered in this study.
This was hypothesized because illiteracy and poverty rates seemed to be
highest among this ethnic group compared to other two [50].

As shown in Table 3, the percentage of injuries was higher among
Dalits compared to their share among all selected households (14 versus
12). But this difference was not statistically significant. As the poorest
segment of the population, many of them had temporary houses with
mud walls and a straw roof. Probably for this reason, their observed
injury was not significantly different than the expected number of in-
juries. A goodness-of-chi-square test also confirmed that household size
is not a statistically significant factor of earthquake injuries. This as-
sociation is consistent with the type of main dwellings of respondent
households.

5. Conclusion

Among nine factors reflecting host characteristics, only three (age
group, household monthly income, and type of main dwelling) were
statistically significant with injuries caused by the 2015 earthquake in
Nepal. Two of the three statistically significant factors of earthquake
injuries are household characteristics. Monthly household income had a
strong association with earthquake injuries in Nepal. Data presented in
Table 1 clearly show that the risk of earthquake injuries was lowest for
the highest income group followed by the lowest income group. The
risk was highest for the respondents of the middle income group.

As expected, the second household characteristic that appeared as a
significant factor for earthquake injuries in Nepal is the type of main
dwelling. This is an important finding because substantial reduction of
earthquake injuries can be achieved in the country by only one mea-
sure, improving the quality of the housing. Households whose houses
were fully or partially damaged need to be rebuilt or repaired with
seismic-resilient features. With financial assistance from several foreign
agencies and countries, such as the World Bank and USAID, the
Nepalese government has started to provide a housing grant to earth-
quake survivors for reconstruction of damaged and destroyed houses.
The government has already outlined a housing reconstruction policy
and ensured that all houses are rebuilt and repaired to earthquake-re-
sistant standards [52]. The amount of this housing grant is NPRs
300,000, including NPRs 100,000 for retrofitting [52]. If the govern-
ment becomes successful in enforcing building standards, the number of
injuries will reduce from future earthquake events in Nepal. The new
standards will ensure that housing is structurally sound in the event of
significant tremors.

This paper is a byproduct of a study initially designed to assess
earthquake survivors' opinions of the effectiveness of emergency aid
delivered by both public and private sources in Nepal after the country
was devastated by two major earthquakes in 2015. This is a major
limitation of this paper. The sample size used to collect field data was
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not sufficient, which restricts application of sophisticated quantitative
techniques to identify determinants of earthquake injuries in Nepal.
Further, one cautionary note needs to be stressed. Although this study
looked at two earthquake events, because they occurred in the same
general area and within a gap of less than 20 days, this study's analysis
treats them as a single event. It is important to remember that factors
specific to one earthquake cannot easily be generalized to all earth-
quakes. Each earthquake is unique and offers individual complexities
and challenges.

Despite limitations, this empirical study adds a new dimension and
valuable insights to existing literature on factors associated with
earthquake-induced injuries. Understanding these factors is essential
for disaster managers, policy makers, and government officials in Nepal
and other earthquake-prone countries to reduce number of injuries
from future earthquake events. Given the limited number of empirical
studies on injuries caused by seismic events, future research should be
directed exclusively to examining the factors associated with earth-
quake-induced injuries.

Notes

1. Nepal has three distinct topographic regions – all run in an east/
west direction. The southern part of the country has a low elevation
and is called Terai or plain. It is a northern extension of the Ganges
Plains of India. Immediate north of Terai is the hill region. The
northern most region is the mountain region, which occurs at ele-
vations above 6500 ft. (2000 m). Also, administratively, Nepal is
divided into five development regions (far-western, mid-western,
western, central, and eastern).

2. Both epicenters are located in crisis-hit districts. A district is an
administrative unit in Nepal and each has several municipalities
(MPs) and Village Development Committees (VDCs).

3. SMC refers to Sub-Metropolitan City. VDC represents rural area, MP
is basically small town, while SMC is medium-sized city.

4. The Pakki houses are generally made of permanent materials, such
as cement, brick, and tins, while the Ardha pakki houses are made of
both permanent and temporary materials. Both of these types of
houses are owned by households with monthly household incomes
of more than NRPs 10,000.

5. Use of more than two categories of dwelling types would provide
additional insight about the association between this risk factor and
earthquake injuries. However, such an attempt was not made be-
cause of the complexity of materials used for such a purpose.

Acknowledgments

This research was supported by National Science Foundation's
RAPID (Award no. 1547554) Grant to study contribution of linking
networks in disbursing emergency assistance among 2015 Nepalese
earthquakes survivors. The authors thank Janu Dhital, Bharat Acharya,
Manu Mishra, Amar Larma Tamang, Meen Kumar Shrestha, Roshani
Shrestha, and Ganga Ghalan Tamag for help with data collection in
Nepal. The authors also thank Bidhan Acharya, Associated Professor of
Central Department of Population Studies, Tribhuvan University,
Kiritpur, Kathmandu, Nepal, for leading the field work.

References

[1] B.K. Paul, Environmental Hazards and Disasters: Contexts, Perspectives and
Management, Wiley-Blackwell, Hoboken, NJ, 2011.

[2] E.K. Noji, Medical and public health consequences of natural and biological dis-
asters, Nat. Hazards Rev. 2 (2001) 143–156.

[3] R. Vaishya, A.K. Agarwal, V. Vijay, M. Hussaini, H. Singh, Surgical management of
musculoskeletal injuries after 2015 Nepal earthquake: our experience, Cureus 7
(2015) e306, http://dx.doi.org/10.7759/cureus.306.

[4] R. Phalkey, J.D. Reinhardt, M. Marx, Injury epidemiology after the 2001 Gujarat
earthquake in India: a retrospective analysis of injuries treated at a rural hospital in
the Kutch district immediately after the disaster, Glob. Health Action 4 (2011)

7196, http://dx.doi.org/10.3402/gha.v4i0.7196.
[5] D.S. Teeter, Illnesses and injuries reported at Disaster Application Centers following

the 1994 Northridge earthquake, Mil. Med. 161 (1996) 526–530.
[6] H.K. Armenian, A. Melkonian, E.K. Noji, A.P. Hovanesian, Deaths and injuries due

to the earthquake in Armenia: a cohort approach, Int. J. Epidemiol. 26 (1997)
806–813.

[7] C. Peek-Asa, J.F. Kraus, L.B. Bourque, D. Vimalachandra, J. Yu, J. Abrams, Fatal and
hospitalized injuries resulting from the 1994 Northridge earthquake, Int. J.
Epidemiol. 27 (1998) 459–465.

[8] C. Peek-Asa, M. Ramirez, K. Shoaf, H. Selingson, J.F. Kraus, GIS mapping of earth-
quake-related deaths and hospital admissions from the 1994 Northridge, California,
earthquake, Ann. Epidemiol. 10 (2000) 5–13.

[9] C. Peek-Asa, M. Ramirez, H. Selingson, K. Shoaf, Seismic, structural, and individual
factors associated with earthquake related injury, Inj. Prev. 9 (2003) 62–66.

[10] H. Tanaka, J. Oda, A. Iwai, Y. Kuwagata, T. Matsuoka, M. Takaoka, M. Kishi,
F. Mornmoto, K. Ishikawa, Y. Mizushima, Y. Nakata, H. Yamamura, A. Hiraide,
T. Shimazu, T. Yoshioka, Morbidity and mortality of hospitalized patients after the
1995 Hanshin-Awaji earthquake, Am. J. Emerg. Med. 17 (1999) 186–191.

[11] M. Mahue-Giangreco, W. Mack, H. Seligson, L.B. Bourque, Risk factors associated
with moderate and serious injuries attributable to the 1994 Northridge earthquake,
Los Angeles, California, Ann. Epidemiol. 11 (2001) 347–357.

[12] H. Ellidokuz, R. Ucku, U.Y. Aydin, E. Ellidokuz, Risk factors for death and injuries in
earthquake: cross-sectional study from Afyon, Turkey, Croat. Med. J. 46 (2005)
(2005) 613–618.

[13] M.S. Sever, R. Vanholder, N. Lameire, Management of crus-related injuries after
disasters, New Engl. J. Med. 354 (2006) 1052–1063.

[14] H.A. Mohebbi, S. Mehrvarz, M. Saghafinia, Y. Rezaei, Earthquake related injuries:
assessment of 854 victims of the 2003 Bam disaster transported to tertiary hospitals,
Prehosp. Disaster Med. 23 (2008) 510–515.

[15] J.M. Mulvey, S.U. Awan, A.A. Qadri, M.A. Maqsood, Profile of injuries arising from
the 2005 Kashmir earthquake: the first 72 h, Injury 39 (2008) 554–560.

[16] A.J. Clover, S. Rannan-Eliya, W. Saeed, R. Buxton, S. Majumder, S.P. Hettiaratchy,
B. James, Experience of an orthoplastic limb salvage team after the Haiti earth-
quake: analysis of caseload and early outcomes, Plast. Reconstr. Surg. 127 (2011)
2373–2380.

[17] Z. Lu-Ping, J.M. Rodriguez-Llanes, W. Qi, B. van den Oever, L. Westman, M. Albela,
P. Liang, C. Gao, Z. De-Sheng, M. Hughes, J. von Schreeb, D. Guha-Sapir, Multiple
injuries after earthquakes: a retrospective analysis on 1871 injured patients from
the 2008Wenchuan earthquake, Crit. Care 16 (2012), http://dx.doi.org/10.1186/
cc11349.

[18] Guner, S.I. Guner, Y. Isik, G. Gormeli, A.M. Kalender, U. Turktas, M.A. Gokalp,
A. Gozen, M. Isik, S. Ozkan, T. Turkozu, S. Karadas, M.F. Ceylan, L. Ediz, M. Bulut,
Y. Gunes, A. Gormeli, C. Erturk, C. Eseoglu, R. Dursun, Review of Van earthquakes
from an orthopaedic perspective: a multicenter retrospective study, Int. Orthop. 37
(2013) 119–124.

[19] D. Johnston, S. Standring, K. Ronan, M. Lindell, T. Wilson, J. Cousins, E. Aldridge,
M.W. Ardagh, J.M. Deely, S. Jensen, The 2010/2011 Canterbury earthquakes:
context and cause of injury, Nat. Hazards 73 (2014) 627–637.

[20] M. Ramirez, C. Peek-Asa, Epidemiology of traumatic injuries from earthquakes,
Epidemiol. Rev. 27 (2005) 47–55.

[21] G.A. Jacquet, B. Hansoti, A. Vu, J.D. Bayram, Earthquake-related injuries in pe-
diatric population: a systematic review, PLoS Curr. Disasters 1 (2013), http://dx.
doi.org/10.1371/currents.dis.6d3efba2712560727c0a55114febac16 (Edition 1).

[22] K.I. Shoaf, H.R. Sareen, L.H. Nguyen, H.R. Sareen, L.B. Bourque, Injuries as a result
of California earthquakes in the past decade, Disasters 22 (1998) 218–235.

[23] C.C. Chan, Y.P. Lin, H.H. Chen, T.Y. Chang, T.J. Cheng, L.S. Chen, A population-
based study on the immediate and prolonged effects of the 1999 Taiwan earthquake
on mortality, Ann. Epidemiol. 13 (2003) 502–508.

[24] D. Alexander, The health effects of earthquakes in the mid-1990s, Disasters 20
(1996) 231–247.

[25] WHO (World Health Organization), Coping with Natural Disasters: The Role of
Local Health Personnel and the Community, Geneva, 1989.

[26] H.K. Armenian, A. Melkonian, E.K. Noji, A.P. Hovanesian, Deaths and injuries due
to the earthquake in Armenia: a cohort approach, Int. J. Epidemiol. 26 (1997)
806–813.

[27] D. Alexander, Natural Disasters (ed.), Chapman &Hall Inc, New York, 1993.
[28] H. Seligson, K. Shoaf, Human impacts of earthquakes, in: W.F. Chen, C. Seawhorn

(Eds.), Earthquake Engineering Handbook, CRC Press, Boca Raton FL, 2003.
[29] R.D. Adams, Earthquake occurrence and effects, Injury 21 (1990) 17–20.
[30] D. Jurukovski, Earthquake consequences and measures of reduction of seismic risk,

Renal Fail. 19 (1997) 621–632.
[31] S. Shapira, L. L. Aharonson-Daniel, I.M. Shohet, C. Peek-Asa, Y. Bar-Dayan,

Integrating epidemiological and engineering approaches in the assessment of
human casualties in earthquakes, Nat. Hazards 78 (2015) 1447–1462.

[32] E. Lambie, T.M. Wilson, D.M. Johnston, S. Jensen, E. Brogt, E.E.H. Doyle,
M.K. Lindell, W.S. Helton, Human behaviour during and immediately following
earthquake shaking: developing a methodological approach for analysing video
footage, Nat. Hazards 80 (2016) 249–283.

[33] P.P. Karan, After the triple disaster: landscape of devastation, despair, hope, and
resilience, in: P.P. Karan, U. Suganuma (Eds.), Japan: After 3/11, University Press
of Kentucky, Lexington, KY, 2016, pp. 1–42.

[34] Y. Osaki, M. Minowa, Factors associated with earthquake deaths in the Great
Hanshin-Awaji earthquake, 1995, Am. J. Epidemiol. 153 (2001) 153–156.

[35] R.I. Glass, J.J. Urrutia, S. Sibony, H. Smith, B. Gercia, L. Rizzo, Earthquake injuries
related to housing in a Guatemalan village, Science 197 (1977) 638–643.

[36] H.K. Armenian, E.K. Noji, A.P. Oganesian, A case-control study of injuries arising

B.K. Paul, A. Ramekat International Journal of Disaster Risk Reduction 27 (2018) 118–126

125

http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref1
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref1
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref2
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref2
http://dx.doi.org/10.7759/cureus.306
http://dx.doi.org/10.3402/gha.v4i0.7196
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref5
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref5
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref6
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref6
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref6
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref7
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref7
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref7
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref8
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref8
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref8
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref9
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref9
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref10
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref10
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref10
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref10
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref11
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref11
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref11
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref12
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref12
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref12
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref13
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref13
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref14
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref14
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref14
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref15
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref15
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref16
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref16
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref16
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref16
http://dx.doi.org/10.1186/cc11349
http://dx.doi.org/10.1186/cc11349
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref18
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref18
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref18
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref18
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref18
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref19
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref19
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref19
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref20
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref20
http://dx.doi.org/10.1371/currents.dis.6d3efba2712560727c0a55114febac16
http://dx.doi.org/10.1371/currents.dis.6d3efba2712560727c0a55114febac16
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref22
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref22
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref23
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref23
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref23
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref24
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref24
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref25
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref25
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref25
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref26
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref27
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref27
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref28
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref29
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref29
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref30
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref30
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref30
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref31
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref31
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref31
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref31
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref32
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref32
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref32
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref33
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref33
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref34
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref34
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref35


from the earthquakes in Armenia, 1988, Bull. World Health Org. 7 (1992) 251–257.
[37] H.M. Parrish, A.S. Barker, F.M. Bishop, Epidemiology in public health planning for

natural disasters, Pub. Health Rep. 79 (1964) 863–867.
[38] J.N. Logue, M.E. Melick, H. Hansen, Research issues and directions in the epide-

miology of health effects of disasters, Epidemiol. Rev. 3 (1981) 140–162.
[39] M. De Bruycker, D. Greco, M.F. Lechat, I. Annino, N. De Ruggiero, M. Triassi, The

1980 earthquake in Southern Italy – morbidity and mortality, Int. J. Epidemiol. 197
(1985) 113–117.

[40] L.B. Bourque, K. Shoaf, L.H. Nguyen, Survey research, Int. J. Mass Emerg. Disasters
15 (15) (1997) 71–101.

[41] GoN (Government of Nepal), Nepal Earthquake 2015: Post Disaster Needs
Assessment, 2015, Vol. A: Key Findings, National Planning Commission,
Kathmandu, 2015.

[42] A.B. Shrestha, S.R. Bajracharya, J.S. Kargel, N.R. Khanal, The Impact of Nepal's
2015 Gorkha Earthquake-Induced Geohazards, The International Centre for
Integrated Mountain Development, Kathmandu, 2016.

[43] B.K. Paul, B. Acharya, K. Ghimire, Effectiveness of earthquakes relief efforts in
Nepal: opinions of the survivors, Nat. Hazards 85 (2017) 1169–1188.

[44] W.W. Daniel, Biostatistics, John Wiley & Sons, New York, 1995.
[45] F. Libois, V. Somvilee, Fertility, Household's Size and Poverty in Nepal, CMI,

Bergen, 2014.
[46] Y. Cao, N. Kamel, The role of gender and age in fracture distribution following the

2008 Wenchuan earthquake, Nat. Hazards 59 (2011) 1357–1375.
[47] A.K. Ganjouei, L. Ekhlaspour, E. Iranmanesh, P. Poorian, S. Sohbati, N.A. Ganjooei,

F.R. Farokhi, S. Karamuzian, The pattern of injuries among the victims of the Bam
earthquake, Iran J. Pub. Health 37 (2008) 70–76.

[48] CDC (Centers for Disease Control), Post-earthquake Injuries Treated at a Field
Hospital – Haiti, 2010. Morbidity and Mortality Weekly Report, 59 (2011), pp.
51–52.

[49] CBS (Central Bureau of Statistics), Population Census 2001, National Report Vol. 1,
Kathmandu, 2002.

[50] H. Chaulagain, H. Rodrigues, V. Silva, E. Spacone, H. Varum, Seismic risk assess-
ment and hazard mapping in Nepal, Nat. Hazards 78 (2015) 583–602.

[51] K. Goda, T. Kiyota, R.M. Pokhrel, G. Chiaro, T. Katagiri, K. Sharma, S. Wilkinson,
The 2015 Gorkha Nepal earthquake: insights from earthquake damage survey,
Front. Built Environ. (2015) 1–8, http://dx.doi.org/10.3389/fbuil.2015.00008.

[52] HRRP (Housing Recovery and reconstruction Platform), Nepal, Nepal Earthquake
2015 – Housing Reconstruction “Briefing Pack”, (2016) (〈hrrpnepal.org/media/
105469/161110_briefing-pacl_v3.pdf 〉 Accessed 2 February 2017).

B.K. Paul, A. Ramekat International Journal of Disaster Risk Reduction 27 (2018) 118–126

126

http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref35
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref36
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref36
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref37
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref37
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref38
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref38
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref38
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref39
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref39
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref40
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref40
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref40
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref41
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref41
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref41
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref42
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref42
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref43
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref44
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref44
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref45
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref45
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref46
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref46
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref46
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref47
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref47
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref47
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref48
http://refhub.elsevier.com/S2212-4209(17)30284-4/sbref48
http://dx.doi.org/10.3389/fbuil.2015.00008
http://hrrpnepal.org/media/105469/161110_briefing-pacl_v3.pdf
http://hrrpnepal.org/media/105469/161110_briefing-pacl_v3.pdf

	Host characteristics as factors associated with the 2015 earthquake-induced injuries in Nepal: A cross-sectional study
	Introduction
	Literature review
	Research methods
	Study design
	Selection of factors and analytic approach

	Results
	Number, types, and causes of injuries
	Individual-level factors associated with injuries
	Household-level factors associated with injuries

	Conclusion
	Notes
	Acknowledgments
	References




