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Abstract

In 2005, a random sample of 200 people were assessed in Camerino, Italy, eight years after
an earthquake. Psychological symptom levels were low and only one person had current
Post-Traumatic Stress Disorder (PTSD). In 2016 a new earthquake occurred in Camerino.
The study aims to assess the impact of the second exposure in the same cohort. A longitudi-
nal study was conducted, 130 participants were re-interviewed between July and December
2017. Psychological symptoms were self-rated on the Brief Symptom Inventory (BSI) and
the Global Severity Index (GSI) was analysed. Post-traumatic stress symptoms were self-
rated on the Impact of Event Scale-Revised (IES-R). Subjective quality of life (SQOL) was
assessed on the Manchester Short Assessment of Quality of Life (MANSA). Mean scores of
GSl and IES-R were significantly higher than in 2005 (p<0.01 and p<0.001), whilst SQOL
remained almost unchanged (p = 0.163). In 2017, 16.9% of the sample had reached the
PTSD threshold whilst in 2005 only the 0.5% had reached it. Despite low symptom levels
several years after an earthquake, people can show psychological distress after a new
exposure, whilst average quality of life levels are not affected.

Introduction

Exposure to earthquakes can lead to lasting psychological symptoms, often diagnosed as Post-
Traumatic Stress Disorder (PTSD), and impaired quality of life [1-3]. Yet, most studies focus
on sequelae of one event rather than repeated earthquakes as they can occur in earthquake
affected regions [4,5]. A recent study in adolescents in China analysed sequelae of two earth-
quakes that occurred five years apart and suggested that the experience of one earthquake may
increase the sensitivity to the impact of subsequent ones [6]. To our knowledge, there are no
studies that investigate sequelae of repeated exposure among adults.
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In the small town of Camerino in central Italy the last major earthquakes in the past two
centuries occurred in 1997 and 2016. In 1997 they had a strength of 6 and in 2016 of 6.5 on the
Moment Magnitude Scale [7]. Both earthquakes caused deaths in the area around Camerino.
In Camerino itself, several buildings collapsed but there were no fatalities.

A 2005 survey of 200 randomly sampled people assessed the effects on mental health and
quality of life eight years after the 1997 earthquake. Levels of general psychological symptoms
were very low. Only one person met the criteria for current PTSD and subjective quality of life
was favourable. The findings suggest that the experience of the earthquake had no substantial
negative impact on psychological symptoms in the long- term [8]. This finding was unusual,
particularly as studies have reported high psychological symptoms 5-10 years after traumatic
exposure in the Balkans [9].

Several factors such as strong and supportive social cohesion in a rural community and a
weak earthquake were considered as contributing factors to these low levels of mental distress.

The present study aims to assess how the same people who had positive long-term out-
comes after the first experience of serious earthquakes would respond after exposure to
another earthquake. We therefore re-assessed participants of the same cohort that was assessed
in 2005 again after their experience of the 2016 earthquakes.

Methods

Sample and design

We conducted a longitudinal study, following up the cohort that had been identified through a
random walk method and were assessed in 2005. Details and findings were described in a pre-
vious publication. We tried to contact all participants of the original study and re-assessed
them between July and December 2017, i.e. between six and eleven months after the last of the
new series of earthquakes. The interviews were conducted by the same research team as in
2005. Individuals were contacted by phone and interviewed face-to-face. Data was collected
using paper format questionnaires that were completed by members of the research team
whilst with the participant. This study was approved by the ethics committee of the Marche
Region (CERM-2018 64 F99-F99).

Measure

Socio-demographic characteristics (gender, age, school education, living situation, employ-
ment status) were recorded. Psychological symptoms were self-rated on the Brief Symptom
Inventory (BSI) The BSI is a 53 item self- report scale that is rated using a 5 point Likert scale,
0 = Not at all, 4 = Extremely. We analysed the Global Severity Index (GSI), which is the mean
score per item on the scale [10]. Good reliability that ranges from .71 on Psychoticism to .85
on Depression and validity ranging from .92 to .99 has been reported [10]. Post-traumatic
stress symptoms were self-rated on the 22-item Impact of Event Scale-Revised (IES-R) strong
reliability and validity has been reported, ranging from .89 to .94 [11]. Items are rated on a 5
point Likert scale, 0 = not at all, 5 = extremely, where scores can range from 0-88. We consid-
ered a total score of 33 as a threshold for a positive screening for PTSD [11]. Finally, subjective
quality of life (SQOL) was assessed on the Manchester Short Assessment of Quality of Life
(MANSA). The MANSA consists of 16 items, which is rated using a 7 point Likert scale,

1 = Couldn’t be worse, 7 = Couldn’t be better. The MANSA has good reliability with a reported
Cronbach’s alpha of 0.74 and strong validity, 0.82. The mean score of the satisfaction ratings
was used to reflect overall SQOL [12].
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Analysis

Socio-demographic characteristics were analysed with descriptive statistics. T-tests were used
to explore differences in mean scores of the GSI, the IES-R and the MANSA between the two
surveys. All analyses were conducted on SPSS version 24.

Results

In the follow-up assessment, 130 people of the original sample of 200 were re-assessed
(response rate = 65%). Eight people had died, 23 were not contactable and 39 refused to take
part. Of the 130 re-assessed people, 59% were male and age ranged from 35 to 76 years; 73%
were in employment, and 27% retired, unemployed or studying; 73% were married and 27%
either unmarried, widower or divorced. The distribution of socio-demographic characteristics
in the re-assessed 130 sample were similar to the ones in the larger sample assessed in 2005.
Whereby, 58.5% were male and age of respondents ranged from 30 to 65 years; 82.5% were in
employment, and 15% retired, unemployed or studying; 75.5% were married and 22.5% either
unmarried, widower or divorced.

The scores on the administered scales are shown in Table 1

In 2017, mean scores of the GSI and IES-R were significantly higher than in 2005, whilst
SQOL remained almost unchanged. In 2005, only one out of 200 people (0.5%) had reached
the threshold for PTSD of 33 on the IES-R. In 2017, this applied to 22 out of 130 (16.9%). In a
post-hoc analysis, those 22 people were found to have a poorer SQOL (MANSA = 4.64,
SD = 0.67) than the 108 without PTSD (5.37, SD = 0.63, t = 4.93, p<0.001).

Discussion
Main findings

The study followed up a representative cohort of people living in an earthquake affected region in
Italy. Whilst the interviewees had shown no raised levels of psychological distress in 2005, i.e.
about eight years after experiencing serious earthquakes, their levels of psychological symptoms in
general and of post-traumatic stress symptoms specifically were significantly higher in 2017, when
they were re-assessed between six and eleven months after exposure to another series of similar
earthquakes. The prevalence of probable current PTSD cases rose from 0.5% in 2005 to 16.9% in
2017. Yet, the overall SQOL remained similar, but was less favourable in people with PTSD.

Strengths and limitations

This is an unusual cohort study following up a sample 12 years after the first interview. The
original sample was recruited using a random walk method and may therefore be regarded as
representative. The response rate of 65% in the follow-up interview may be seen as reasonably
high, given the long period of time between the two interviews. Since 22 of 130 people at fol-
low-up were screened positively for PTSD-as compared to only one out of 200 in 2005 -a

Table 1. Mean scores of general psychological symptoms, PTSD symptoms and subjective quality of life in 2005 and 2017.

Measures 2005 N =200 2017 N =130 t p- value Range of scores
Psychological Symptoms (Global Severity Index) 0.29(SD = 0.30) 0.47 (SD =0.47) -4.19 <0.01 0-4
PTSD symptoms (Impact of Event Scale-Revised) 0.40 (SD = 3.32) 17.81(SD = 18.27) -13.16 <0.001 0-88
SQOL (MANSA mean score) 5.26 (SD = .60) 5.25 (SD = 0.69) 0.211 0.163 1-7

P values were calculated using a t-test

https://doi.org/10.1371/journal.pone.0233172.t001
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possible selection bias at follow-up is unlikely to have influenced the overall finding of raised
psychological distress.

The main limitation of the study is that the two interviews were done at different lengths of
time since the exposure to earthquakes, as psychological symptoms may decline with the pas-
sage of time [13]. In 2005 eight years had expired since the exposure, whilst in 2017 it was less
than one year. Thus, it is difficult to disentangle the impact of the shorter period of time since
the earthquake from the repeated experience. Yet, despite the shorter time frame in assessing
participants after the second exposure, the minimum 6 follow-up period since exposure to the
second earthquake reflects the criteria for PTSD. The ICD-10 research diagnostic criteria states
[14], the PTSD criteria must be met within 6 months after exposure to a stressful event.
Whether the long-term response after repeated exposure is as positive as after the first expo-
sure, could be addressed in a further follow-up in eight years time.

Comparison with the literature

The prevalence rate of probable PTSD cases of 16.9% is similar to the PTSD prevalence of
14.3% found six months after earthquakes in Molise, another rural area in Italy struck by simi-
lar earthquakes in 2002 [15]. However, there is a large variance between the PTSD prevalence
rates reported 6 months after earthquake exposure [16]. For instance, a much lower PTSD
prevalence rate of 4.5% has been reported six months after an earthquake in China, whilst a
study in L’Aquila, a town in a neighbouring Italian region struck in 2009 by earthquakes with
about 300 fatalities, reported a prevalence rate of 56% six months after the events [17]. A sys-
tematic review and meta-analysis of studies assessing PTSD prevalence rates within nine
months after earthquakes found an average rate of 28.8% [18]. Thus, the mental sequelae of
the experience of the earthquakes in Camerino in 2016 is within the wide range of other find-
ings in the literature and similar to that in Molise, yet still considerably lower than the average
of other PTSD prevalence rates in the literature.

The literature suggests older age may be a risk factor for psychological distress following
earthquakes [15]. Obviously, interviewees were almost 20 years older when experiencing the
new earthquakes in 2016 as compared to the original ones in 1997. Yet, the age difference
alone is unlikely to explain the significant increase in overall psychological distress and PTSD
symptoms.

Conclusion

The increase in symptom levels and PTSD prevalence may be due to the repeated exposure or
the shorter period of time between the last earthquake and collecting data or both. In the inter-
pretation of the very low symptom levels found in the 2005 interviews, several factors were
considered as being potentially helpful in reducing the likelihood of developing symptoms.
These included the supportive role of social cohesion in rural Italian communities and the fact
that nobody died as a result of the earthquake in Camerino. However, it is important to note
that whichever factors explained the low symptom levels in 2005, they did not protect the same
people from experiencing much higher psychological distress after another earthquake series
in 2016. However, perhaps these protective factors may have led to more positive long-term
outcomes in 2005. The renewed exposure led to significant levels of general psychological and
PTSD symptoms. Therefore, the positive long-term response after one earthquake may not be
seen as a protective factor in experiencing positive outcomes after another exposure, and so,
reporting low psychological distress after one earthquake does not prevent PTSD after expo-
sure to another.
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Whilst the increased psychological distress appears not to have impacted on the average
SQOL, people with significant PTSD symptoms showed a lower SQOL. One can only speculate
as to whether the factors that had been considered as helpful for long-term outcomes after the
first earthquakes might not have been sufficient to prevent short-term distress and lower
SQOL in at least some people, but have helped many others to avoid negative consequences of
the experiences for the overall quality of their lives. We could also speculate that perhaps, the
consistent quality of life score from 2005 through to 2017 reflects both personal and social
resources that have helped the positive long-term outcome after exposure to the first earth-
quake, may also lead to a positive long-term outcome after the second exposure if assessed
after 8 years too. We could also consider that the low level of symptoms reported in both the
2005 and 2017 samples are not due to long-term positive responses, but rather that the earth-
quakes were too weak to produce any long-term consequences. Thus, the low scores reported
may not be a sign of coping, but rather that the psychological impact of the earthquakes was
not severe enough. Perhaps, only stronger earthquakes may impact long-term outcomes as
reported in the original paper. Therefore, the reported PTSD (16.9%) in the 2017 sample
would perhaps have been similar even if they had not experienced an earthquake in 1997, par-
ticularly as the symptom level reported after the second exposure is still lower than that
reported in other studies mentioned above. And so, the IES-R can be seen as an instrument
that is sensitive to low levels of stress, which may decline over time, leaving no long-term con-
sequences that may influence the response to new trauma.

Future research may develop a better understanding of the resilience and resources that
help people sustain a good quality of life despite being distressed by the experience of natural
disasters.

Supporting information

S1 Dataset.
(XLSX)

Acknowledgments

We thank Angelo Meloni, Massimo Mari, Nicola Calisti and Benedetta Cinti for supporting
the data collection.

Author Contributions

Conceptualization: Iolanda Grappasonni, Stefan Priebe.

Formal analysis: Francesco Altamore, Neelam Laxhman, Stefan Priebe.
Investigation: Giuliana Grifantini, Pamela Accaramboni.

Methodology: Giuliana Grifantini, Pamela Accaramboni.

Project administration: Iolanda Grappasonni.

Supervision: Stefania Scuri, Fabio Petrelli, Stefan Priebe.

Validation: Stefania Scuri.

Writing - original draft: Francesco Altamore, Neelam Laxhman, Stefan Priebe.

Writing - review & editing: Francesco Altamore, Iolanda Grappasonni, Neelam Laxhman,
Stefan Priebe.

PLOS ONE | https://doi.org/10.1371/journal.pone.0233172 May 12, 2020 5/6


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233172.s001
https://doi.org/10.1371/journal.pone.0233172

PLOS ONE

Symptoms and quality of life after earthquake exposure

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Valenti M, Masedu F, Mazza M, Tiberti S, Di Giovanni C, Calvarese A, et al. A longitudinal study of qual-
ity of life of earthquake survivors in L’Aquila, ltaly. BMC Public Health. 2013;

M.F,S.A.Q,S.S.S,M.A.K,M. O, Z. S, et al. Posttraumatic stress disorder: A serious post-earthquake
complication. Trends Psychiatry Psychother. 2017;

Grappasonni |, Petrelli F, Traini E, Grifantini G, Mari M, Signorelli C. Psychological symptoms and qual-
ity of life among the population of L’Aquila’s “new towns” after the 2009 earthquake. Epidemiol Biostat
Public Heal. 2017;

Maj M, Starace F, Crepet P, Lobrace S, Veltro F, De Marco F, et al. Prevalence of psychiatric disorders
among subjects exposed to a natural disaster. Acta Psychiatr Scand. 1989;

Sezgin U, Punamaki RL. Earthquake trauma and causal explanation associating with PTSD and other
psychiatric disorders among South East Anatolian women. J Affect Disord. 2012;

GengF, Zhou Y, Liang Y, Fan F. A longitudinal study of recurrent experience of earthquake and mental
health problems among chinese adolescents. Front Psychol. 2018;

Tondi E, Chiaraluce L, Roberts G. Ten years after the Umbria-Marche earthquake. Tectonophysics.
2009;

Priebe S, Marchi F, Bini L, Flego M, Costa A, Galeazzi G. Mental disorders, psychological symptoms
and quality of life 8 years after an earthquake: Findings from a community sample in Italy. Soc Psychia-
try Psychiatr Epidemiol. 2011;

Priebe S, Bogic M, Ajdukovic D, Franciskovic T, Galeazzi GM, Kucukalic A, et al. Mental disorders fol-
lowing war in the Balkans a study in 5 countries. Arch Gen Psychiatry. 2010;

Derogatis LR, Melisaratos N. The Brief Symptom Inventory-an introductory report-1983.pdf. Psycholog-
ical Medicine. 1983.

Creamer M, Bell R, Failla S. Psychometric properties of the Impact of Event Scale—Revised. Behav
Res Ther. 2003;

Priebe S, Huxley P, Knight S, Evans S. Application and results of the Manchester Short Assessment of
Quality of Life (MANSA). Int J Soc Psychiatry. 1999;

Guo J, Wu P, Tian D, Wang X, Zhang W, Zhang X, et al. Post-traumatic Stress Disorder among adult
survivors of the Wenchuan Earthquake in China: A repeated cross-sectional study. J Anxiety Disord.
2014;

Americans N, Article S, Haghir H, Mokhber N, Azarpazhooh MR, Haghighi MB, et al. The ICD-10 Classi-
fication of Mental and Behavioural Disorders. IACAPAP E-textb child Adolesc Ment Heal. 2013;

Priebe S, Grappasonni |, Mari M, Dewey M, Petrelli F, Costa A. Posttraumatic stress disorder six
months after an earthquake: findings from a community sample in a rural region in Italy. Soc Psychiatry
Psychiatr Epidemiol. 2009;

Tang B, Deng Q, Glik D, Dong J, Zhang L. A meta-analysis of risk factors for post-traumatic stress disor-
der (PTSD) in adults and children after earthquakes. Int J Environ Res Public Health. 2017;

Liu X, Ma X, Hu X, Qiu C, Wang Y, Wang Q, et al. A risk score for predicting post-traumatic stress disor-
der in adults in a Chinese earthquake area. J Int Med Res. 2012;

DaiW, ChenL, Lai Z, LiY, Wang J, Liu A. The incidence of post-traumatic stress disorder among survi-
vors after earthquakes: A systematic review and meta-analysis. BMC Psychiatry. 2016

PLOS ONE | https://doi.org/10.1371/journal.pone.0233172 May 12, 2020 6/6


https://doi.org/10.1371/journal.pone.0233172

