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Abstract

Exposure to earthquake has previously been associated with adverse mental health out-
comes, however, evidence is limited among youth in resource-limited settings. This study
explored the association of retrospective extent of exposure on current day depressive
symptoms and post-traumatic stress disorder (PTSD) symptoms among 125 youth attending
a college in Kathmandu, Nepal. A self-administered survey including socio-demographic
variables, scale for earthquake exposure and Nepali language validated standardized scales
for depressive and PTSD symptoms was used. Prevalence estimates for depressive symp-
toms was 43.2% and PTSD symptoms was 19.2%. For each increasing unit of the extent
of earthquake exposure, the odds of having depressive symptoms increased by a factor of
1.26 (p=0.001) and PTSD symptoms increased by a factor of 1.26 (p=0.002). Being in
a complicated romantic relationship increased the odds of both depressive symptoms and
PTSD symptoms. Exposure to earthquake is an important factor to consider while assess-
ing depressive and PTSD symptoms among youth earthquake survivors in Kathmandu. It
is important that programs or policies aimed at youth mental health concurrently address
disaster exposures.

Keywords Earthquake exposure - Depressive symptoms - PTSD symptoms - Resilience -
Youth

Introduction

Adverse mental health issues such as post-traumatic stress disorder (PTSD) and depres-
sion are common among survivors of natural disasters [1, 2]. Adolescent survivors are
especially vulnerable to adverse mental health issues, both because of the ongoing mental
and behavioral development [3] and the course of trajectory these exposures might trigger.
Prior studies have indicated that adult mental disorders, such as depression [4], may first
appear during adolescence [5] and exposure to traumatic events, such as natural disasters,
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during adolescence can have long-term impact. For instance, although mental health symp-
toms decrease over time during the post-disaster period [6-9], residual effects have been
observed as long as 17 years after exposure to the disaster [8]. However, mental and behav-
ioral health outcomes among adolescent disaster survivors continues to be understudied.

Furthermore, peer-reviewed manuscripts regarding adverse mental health outcomes
among adolescents exposed to natural disasters in developing countries is limited. For
example, in a review of 160 studies on post-disaster mental health published between 1981
and 2001, 27 (16.9%) included school-aged children and adolescents, among which, only
three (11%) were conducted in developing countries [10]. Results of the same review also
revealed that children and adolescents exposed to natural disasters in developing countries
were more likely to have severe or very severe psychopathology rates (p <0.001) [10], fur-
ther indicating the need to assess mental and behavioral health outcomes among adolescent
survivors in developing countries.

The 2015 earthquakes in Nepal caused massive mortality and morbidity [11], including
among the young population [12]. Prior studies have indicated that there were 8151 deaths,
and mortality was higher among females, ethnic minorities, children under 10 years of
age and the elderly [13]. Post-earthquake mental health outcomes among adults have been
reported [14, 15], but evidence regarding mental health impacts among youth is limited.
Results of cross-sectional studies conducted in different districts among different popula-
tion sub-groups of Nepal 4-20 months after the earthquakes estimate the prevalence of
depression between 23 to 42% and the prevalence of PTSD between 5 and 51% [14-19].
Long-term post-earthquake prevalence of these conditions among youth survivors is not
yet known.

The aim of this study was to describe the relationship between the extent of exposure
to the 2015 Nepal earthquakes and current depressive and PTSD symptoms among youth
(18-20 years) attending a college, four years later. Resilience is an important predictor for
mental health outcomes among survivors of the earthquakes [20] and was also studied.

Methods
Study Setting

This study was conducted among college-attending youth in Kathmandu, one of the dis-
tricts that was hard-hit by the 2015 earthquakes in Nepal. The participants were recruited
from one college. The college was selected because it had a large enough student popula-
tion to meet the sample size requirement, had students from both Kathmandu and other
provinces, student body was diverse in terms of caste and ethnicity and the monthly fees of
the college was close to local, government colleges, making it more accessible for students
of different economic status to enroll. Some students lived on the college campus, espe-
cially those from outside Kathmandu.

Study Design
A cross-sectional study design was used in this study. Self-administered surveys, including

Nepali-validated scales, were employed to elicit information regarding earthquake expo-
sure and current depressive and PTSD symptoms.
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Inclusion criteria included: 1) being a registered student; 2) provided written informed
consent to participate in the study; and 3) resident of Kathmandu during the 2015 earth-
quakes. All research procedures were conducted in the Nepali language.

Sample Size

For high-exposure group, the average of available estimates of post-earthquake depressive
symptoms (32.5%) was used [14—19]. For low-exposure group, pre-earthquake depression
prevalence (11.7%) reported by previous research [21] was used. Setting power to 80% and
alpha to 0.05, the sample size was estimated to be 122; no data about pre-earthquake PTSD
rates was available at the time of data collection.

Study Tools

A self-administered survey designed to collect data on socio-demographic characteristics,
risk and resilience factors, extent of earthquake exposure, and mental health outcomes (i.e.
depressive and PTSD symptoms) was administered to participants. Socio-demographic
variables included age, gender (male, female), place of birth (Kathmandu Valley, outside
Kathmandu Valley), place of residence (Kathmandu Valley, outside Kathmandu Valley),
marital status (unmarried, married, other), romantic relationship status (in a romantic rela-
tionship, not in a romantic relationship, its complicated), employment status (employed
full-time, employed part-time, self-employed, unemployed), living status (with fam-
ily including both parents, with family including one parent, hostel or rent a room with
friends, others), caste/ethnicity (Brahmin, Chhetri, Newar, Other) and religion (Hindu,
Buddhist, Muslim, Christian, Other).

Mental health outcomes were measured using Nepali language-validated scales. For
depressive symptoms, the Nepali version of the Hopkins Symptoms Checklist-25 (HSCL-
25) [22, 23] was used. The conventional cutoff mean score of 1.75 was used for classify-
ing subjects with/without depressive symptoms [22, 23]. The Nepali version of the PTSD
Checklist-Civilian version (PCL-C) [23, 24] was also used. A cumulative score of 50 was
used as a cut-off score (50 and above) to determine the presence of PTSD symptoms [25].
The same scales were used to assess pre- and post-earthquake mental health symptoms.
Pre-earthquake mental health symptoms were retrospectively studied.

For resilience, the Nepali 10-item version of the Connor-Davidson Resilience Scale
(CD-RISC 10 NP) was used [26, 27]. The summation score is the resilience score for each
individual, and a higher score is indicative of greater resilience.

In the study sample, Cronbach’s alpha was 0.90 for HSCL, 0.91 for PCL-C, and 0.91 for
CD-RISC 10 NP. These results indicate high internal consistency.

Exposure to the earthquake was measured using a modified version of the 4-item
instrument developed by Shi et al. [28]. Exposure via media or social media was added
as a fifth item to the scale. Briefly, each item of the instrument (1. Causalities of fam-
ily members; 2. House damage; 3. Property loss; 4. Witness of tragic scenes: non-media
nor social media; and 5. witness of tragic scenes: via media or social media) was scored
using a 5-point Likert scale (0 to 4). Then, a cumulative score was calculated. In the study
sample, Cronbach’s alpha was 0.80 for the exposure instrument. Questions were designed
and revised per the advice of a community panel. This panel was comprised of a local
psychologist, a bilingual Nepali community member, and a youth of the same age group
as the study participants who was not attending the targeted recruitment college.
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Data Analysis

Data entry, cleaning, and analysis was accomplished using SPSS version 25. Cronbach’s
alpha was calculated for standard instruments to measure internal consistency, to ascer-
tain reliability, and to aid in interpretation of study results [29]. Bivariate associations fol-
lowed by multivariable logistic regressions were used to assess the relationship between
earthquake exposure and mental health outcomes. The differences between pre- and post-
earthquake depressive symptoms and PTSD scores were calculated. Stepwise backward
linear regression was used to assess the relationship between extent of earthquake expo-
sure with the score difference.

Results
Socio-Demographic Characteristics

A total of 150 students were registered in the college and 127 students completed the sur-
vey (85% response rate). The other 23 students declined to participate. Two of the ques-
tionnaires had more than 80% of the survey left blank. These were considered incomplete
questionnaires and were removed from the sample. Thus, the final sample size was 125.

The socio-demographic characteristics of the study participants are presented in Table 1.
The mean age of the study participants was 18.3+0.6 years. The majority of them were
male, born in Kathmandu, currently living in Kathmandu with both parents, unmarried,
not involved in a romantic relationship, and unemployed. The majority of the study par-
ticipants self-identified as being Hindu, followed by Buddhists, Christians, Muslims, and
Others. Regarding caste and ethnicity, most of the participants self-identified as Chhetri,
followed by Other, Newar, and Brahmin.

Depressive Symptoms

The prevalence of depressive symptoms in the sample was 43.2%. The results of bivariate
logistic regression estimating the odds of depressive symptoms after the earthquakes are
shown in Table 2, Model 1. At the bivariate level, associations were found between depres-
sive symptoms (i.e., being classified as having depressive symptoms) and two variables: 1)
earthquake exposure; and, 2) having a “complicated” romantic relationship.

Table 2, Model 2 includes the results of a stepwise backward multivariable logistic
regression with Likelihood Ratio estimation, where Model 2a shows the initial model and
Model 2b represents the final model. In the initial model, there was significant association
between depressive symptoms and three variables: 1) exposure to earthquakes; 2) place
where they were born; and, 3) involvement in a ‘complicated’ romantic relationship. These
associations remained significant in the final model. At the multivariable level, after con-
trolling for other variables, for one unit increase in earthquake exposure, the odds of the
dependent variable being positive (likely to have depressive symptoms) increased by a fac-
tor of 1.26 (95% CI: 1.09-1.45; p=0.001).
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Table 1 Socio-demographic
distribution of study participants

Characteristics Number Percentage (%)
(n=125)
Age (years)
18 94 75.2
19 25 20.0
20 6 4.8
Gender
Male 66 52.8
Female 59 47.2
Place of birth
Kathmandu Valley (includes Kath- 72 58.1
mandu, Bhaktapur and Lalitpur)
Outside Kathmandu Valley 52 41.9
Place of residence
Kathmandu Valley 123 98.4
Outside Kathmandu Valley 2 1.6
Marital status
Unmarried 118 94.4
Married 5 4.0
Other 2 1.6
Romantic relationship status
In a romantic relationship 19 15.2
Not in a romantic relationship 93 74.4
It’s complicated 13 10.4
Employment status
Employed full-time 5 4.0
Employed part-time 2 1.6
Self-employment 2 1.6
Unemployed 116 92.8
Living status
Family (including both parents) 95 76
Family (including one parent) 19 15.2
Hostel or rent a room with friends 6 4.8
Others 5 4
Caste/ethnicity
Brahmin 23 18.4
Chhetri 36 28.8
Newar 32 25.6
Other 34 27.2
Religion
Hindu 105 84.0
Buddhist 13 104
Muslim 1 0.8
Christian 5 4.0
Other 1 0.8
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PTSD Symptoms

The prevalence of depressive symptoms in the sample was 19.2%. The results of the bivari-
ate logistic regression estimating the odds of post-earthquakes PTSD symptoms are shown
in Table 3, Model 3. At the bivariate level, significant associations were found between
PTSD and earthquake exposure only.

Table 3 includes results of a stepwise backward multivariable logistic regression with
Likelihood Ratio estimation, where Model 4 a shows the initial model and Model 4 b rep-
resents the final model. After controlling for other variables, for every unit increase in
earthquake exposure, the odds of having PTSD symptoms increased by a factor of 1.26
(95% CI: 1.13-1.61; p=0.002).

Discussion

Our prevalence estimates for depressive symptoms (43.2%) and PTSD symptoms (19.2%)
were comparable to other published studies among similar age population but these studies
we conducted up to 20 months after the earthquake [14—19]. Additionally, our results con-
firm positive associations between the extent of exposure and both outcomes (depressive
symptoms and PTSD symptoms) four years after the 2015 earthquakes among youth survi-
vors in Kathmandu, Nepal. Prior studies analyzing mental health among children exposed
to disaster-associated traumatic experiences in the U.S have argued that a dose-response
relationship exists between the extent of exposure and severity of the outcomes [30, 31].
This study appears to be the first on this topic from Nepal. The positive association between
exposure and depressive symptoms four years later contrasts with a study that found such
association 6 months but not 30 months after the Wenchuan earthquake in China [28]. It
is important to note that after the Wenchuan earthquake, a comprehensive reconstruction
policy was formulated by the Government of China and the goals of reconstruction (for
example, building stable housing for every family, providing job stability for at least one
member of the family, etc.) were achieved within three years after the earthquake via multi-
sectoral collaborations [32]. Similar efforts in scale and magnitude did not occur in Nepal
[33]. The lack of comprehensive rehabilitation programs coupled with frequent aftershocks
and lack of youth-friendly mental health services could be responsible for explaining some
of the factors contributing to long-lasting depressive symptoms and PTSD symptoms in
this study. The findings support the need for long-term support and treatment for survivors
of earthquakes in such areas, specially where this association persists in the long term.
Being in a complicated romantic relationship emerged as one of the important correlates
for depressive symptoms. The association of negative qualities of romantic relationships
with depressive symptoms among adolescents has been established before [34]. However,
to the best of our knowledge, our study was the first to include the option of “it’s com-
plicated” to assess current romantic relationship status among young disaster survivors.
To provide some context, the Nepali society generally frowns upon premarital romantic
relationships, often equating it with a premarital sexual relationship [35]. Being romanti-
cally involved can be taken as having a “bad character”, especially in the case of unmarried
girls and thus is stigmatized [36]. Another plausible explanation leading to “it’s compli-
cated” could be romantic involvement with someone from a different caste or ethnicity. The
illegal caste-system is still socially prevalent across different ethnic groups in the country
and predisposes people to stigma if involved in a romantic relationship with someone from
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Table 3 Bivariate and multivariable logistic regression estimation of odds of having PTSD symptoms by
exposure to earthquakes, socio-demographic variables and other potential confounders

Characteristics Bivariate Multivariable
Model 3 Model 4a (Initial Model) Model 4b (Final Model)
OR 95%CI p aOR 95% CI P aOR 95% CI P
Earthquake exposure 1.25 1.09-1.44 0.002 1.25 1.06-1.49 0.010 1.26 1.08-1.45 0.002
Resilience 1.01 0.97-1.06 1.01 0.95-1.07 0.814
Age (years) 1.03 0.40-2.62 0.954
Gender
Male 1.64 0.70-3.83 1.27 0.45-3.56 0.655
Female (Ref)
Place of birth
Outside KV 2.02 0.87-4.68 1.17 0.35-3.90 0.800
In KV (Ref)
Marital status
Married and Other 0.54 0.06-4.64 1.37 0.11-16.67 0.803
Unmarried (Ref)
Romantic relationship
status
In a romantic relationship 0.17 0.02-1.34 0.18 0.02-1.57 0.120 0.20 0.03-1.66 0.137
It’s complicated 1.90 0.57-6.40 2.73 0.63-11.83 0.179 2.36 0.66-8.44 0.187
Not in a romantic rela-
tionship (Ref)
Employment status
Employed 0.94 0.19-4.80 0.68 0.06-7.33 0.749
Unemployed (Ref)
Living status
Family (including one 1.97 0.66-5.90 229 0.58-9.04 0.237
parent)
Other 3.57 0.98-12.99 225 0.41-12.19 0.348
Family (including both
parents) (Ref)
Caste/ethnicity
Chhetri 1.61 0.37-6.98 1.52 0.27-8.46 0.633
Newar 222 0.52-9.51 1.93 0.32-11.72 0.475
Other 3.19 0.78-13.06 5.45 0.96-30.96 0.056
Brahmin (Ref)
Religion
Non-Hindu 0.80 0.25-2.61 0.26 0.06-1.21 0.086
Hindu (Ref)

a different caste/ethnicity [37]. This could add to the perception of complication in the

relationship.

Another important correlate of depressive symptoms was place of birth. Participants
who had been born outside Kathmandu had lower odds of having depressive symptoms
after the earthquakes as compared to participants born in Kathmandu. This might have
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been because if they were born outside Kathmandu, they still likely had relatives in the vil-
lage and could travel there after the earthquakes to “get away” from Kathmandu. Approxi-
mately 300,000 people were estimated to have left Kathmandu to their villages after the
earthquakes [38]. This might have helped them in recuperating and coping with the after-
math of the earthquakes. They might not have faced other challenges that the ones who had
to stay back had to face, for example, living in tents, or continuing to see the destruction
around them, which could have aggravated depressive symptoms. For example, findings of
a study conducted in Pakistan 18 months after an earthquake in 2005 indicated that living
in a tent was associated with general psychiatric morbidity among the participants [39].
Thus, avoidance of potentially difficult situations by temporarily emigrating to the villages
they were born in could have worked as a protective factor against depressive symptoms
after the earthquake among the study population.

The absence of association between resilience and either of the adverse mental health
outcomes at the bivariate and multivariable level is noteworthy. This was in contrast
with findings of another study where the authors found a significant negative associa-
tion (r=-0.5, p<0.001) between resilience (measured using CD-RISC 25) and depres-
sive mood (measured using Patient Health Questionnaire-9) among survivors of the Nepal
earthquakes who had suffered from spinal cord injury (SCI) due to the earthquakes [40].
This could have been because the Connor-Davidson scale was developed to measure resil-
ience in patients living with chronic pain [26] and thus, the validation of the scale in Nepali
language was also conducted among individuals living with chronic pain [27]. Despite the
fact that participants from both studies were exposed to earthquakes, the factors that lead
to resilience in chronic pain might not be the same as those that lead to resilience in people
with depressive symptoms or PTSD symptoms. In addition, the mean age of participants in
the SCI study (34.8 +11.38 years) was higher than in the present study (18.3+0.6 years).
Lack of association could be indicative of uniqueness in resilience among youth who
faced earthquakes during their adolescence, the character of which needs further in-depth
analysis.

Some of the strengths of this study are that it is the first of its kind to explore the asso-
ciation between the extent of earthquake exposure and depressive and PTSD symptoms
among youth survivors of earthquakes in Nepal. This is also the first study to measure
resilience among youth earthquake survivors in Nepal using a validated scale. Data col-
lection occurred approximately four years after the earthquakes, adding to the literature on
long-term effects of earthquake exposure in the Nepali population.

There are also some limitations in the study. First, there was lack of baseline data
on depressive and PTSD symptoms in the population, thus, making it difficult to ascer-
tain the negative mental health outcomes are attributed to the earthquakes. In absence
of baseline data from before the earthquakes, disentangling adverse mental health out-
comes as they relate to other life events can be challenging. Second, the study was con-
ducted in one management college of Kathmandu. Thus, the results might not be gen-
eralizable to the youth earthquake survivors in the region. Third, while a significant
association was found between relationship status and adverse mental health outcomes,
the confidence intervals were wide. In future studies, a larger sample size might result
in better estimates. Fourth, the pool of participants might have been cognitively higher-
functioning individuals as compared to others who underwent severe trauma and did not
continue their education or dropped-out of school. Individuals who had extreme scores
in the depressive and PTSD symptoms scales might not have chosen to participate in the
study. Efforts were made to negate this possibility by the following efforts: 1) avoiding
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the use of the words ‘depression’, ‘PTSD’, or ‘mental health’ in the study title; 2) pre-
senting the study as an opportunity to explore the overall well-being of youth in Kath-
mandu after the earthquake; and 3) presenting the study as a study of youth in Kath-
mandu after the earthquake rather than of youth earthquake survivors, hence putting
emphasis on the event rather than the people.

While the study had notable limitations, the results have implications for behavio-
ral health of youth survivors who were exposed to the 2015 earthquakes. Prior studies
conducted among medical students in Nepal have indicated high prevalence of adverse
mental health outcomes [41], including depression [42—44]. So, the results of this study
reaffirms the conclusions from prior studies that youth mental health needs additional
attention, be it in terms of research, services or policies. Positive association between
earthquake exposure and both outcomes- depressive symptoms and PTSD, even after
4 years of exposure points to the need for youth-friendly mental health related services
that integrates assessment and addressing of earthquake exposure vulnerabilities.

Globally, experiencing the current ongoing COVID-19 pandemic, which has been no
short of a disaster, has laid bare the potential short and long-term impacts on the men-
tal health of youths. Additionally, relevant findings could help identify mental health
research and services in other countries, where natural disasters such as earthquakes,
hurricanes, and severe winter storms, including catastrophic flooding have occurred.
For example, results of a cross-sectional study including youth survivors of hurricane
Katrina indicated that post-traumatic stress and depressive symptoms remained elevated
as compared to pre-hurricane among exposed youths even after two years [45]. Some of
the initiatives could include assessing exposure to natural disasters in screening ques-
tionnaires in mental and behavioral health service centers and conducting studies to
assess association between these exposures and mental and behavioral health outcomes
in long-term.

In conclusion, in this study of youth who were exposed to earthquakes during their
adolescence, positive associations were found between the extent of earthquake exposure
and current depressive and PTSD symptoms four years after the events, addressing a sig-
nificant gap in knowledge. Undiagnosed and untreated adverse mental health conditions
are detrimental to functioning and the quality of life of all youths. Results of the study
indicate that exposure to earthquake needs to be considered to further identify the need
of mental health services in this population. The findings suggest the need for long-term,
youth-friendly mental health services and support system mechanisms for earthquake sur-
vivors. Similarly, for preparedness and preventive purposes, it is essential for future disas-
ter survivors to have access to mental health services immediately following the disasters.
Availability of longitudinal data that covers both risk and protective factors is essential
for evidence-based planning and programming for youth populations. The present study
opens a path for future studies to take a step further and assess possible explanatory path-
ways between the extent of earthquake exposure and adverse mental health outcomes. It
also calls for exploring the meaning of resilience in youth who were exposed to earth-
quakes during their adolescence.
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