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An earthquake hit the city of L’Aquila in central Italy in 2009, leaving the city completely
destroyed and 309 casualties. Unexpectedly, lower rates of psychotic experiences in
persons affected by the earthquake compared to non-affected persons were found 10
months after the earthquake. The very long-term impact of a natural disaster on the
prevalence of psychotic experiences deserves more in-depth detailing. The Authors
examined resilience and psychotic experiences in a university student sample of 494. No
effect of direct exposure to the earthquake (odds ratio = 0.64, 95%CI [0.37, 1.11]),
material damages (odds ratio = 0.86, 95%CI [0.60, 1.23]), psychological suffering (odds
ratio = 1.06, 95% CI [0.83, 1.36]), or global impact severity (odds ratio = 0.92, 95%CI
[0.76, 1.12]) on psychotic experiences was detected. Resilience levels did not differ
between affected and non-affected persons. Resilience showed a strong protective
effect on psychotic experiences (odds ratio=0.38, 95% CI [0.28, 0.51]. The protective
effect of the RSA factor “Perception of Self” was significantly stronger in individuals
affected by the earthquake compared to non-affected subjects. Being affected by an
earthquake is not a risk factor for psychotic experiences in a university student sample,
as no direct effect of the earthquake was detected after 10 years after the event.
Resilience is confirmed as a strong protective factor for psychotic experiences
irrespectively of large collective traumatic events. Extension of these results to a
general population sample could provide interesting insights into recovery from
natural disasters.

Keywords: psychotic-like experiences, trauma, adverse life experiences, natural disaster, earthquake
INTRODUCTION

An earthquake (EQ) of 6.3 magnitude hit the city of L'Aquila in central Italy on April 6th 2009,
leaving the city completely destroyed. Three hundred and nine lost their lives and thousands
were injured. After the earthquake, the entire population of the city (>60.000) was displaced
either in nearby touristic areas or in tent camps within the city. Only a fraction of the population
g February 2020 | Volume 11 | Article 771
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could return to their homes in the short-term, while the rest of
the population had to wait several years for the reconstruction
to take place. As of today, reconstruction still struggles to take
place, with at least 5,000 people who are still living in
transitioning housing, and the productive capacity and
supporting infrastructure is still left behind, in favor of a
slow, building-by-building reconstruction. The slow
reconstruction procedures, more than the earthquake itself,
have profoundly affected the social context of the town and its
dwellers (1).

Traumatic events represent a risk factor for a plethora of
psychological and psychiatric disorders, including psychotic-
like experiences (PLEs). However, the equivalence of different
types of trauma, such as natural disasters or interpersonal
traumatic events, as risk factors for psychotic symptoms is still
debated (2).

PLEs are considered a major risk factor for subsequent
transition to psychotic disorders (3) as they share a number of
risk factors with major psychotic disorders, including
neurocognitive abnormalities (4) and traumatic events (5).

The putative mechanisms through which trauma sensitizes
vulnerable individuals within the psychosis continuum include
cognitive mechanisms (6), as well as stress-induced
neurobiological and HPA-axis modifications (7). Interpersonal
stressful life events have been repeatedly associated with PLEs (5,
8, 9). On the other hand, natural disasters affect the incidence of
several mental disorders (10); however, their relevance as risk
factors for PLEs is controversial. Natural disasters showed a weak
effect on PLEs rate compared to interpersonal traumatic events
in a large international study (2). Local studies have found
opposite results (11, 12). The very long-term impact of a
natural disaster on the prevalence of PLE has not been
addressed so far.

We reported on the prevalence of PLEs in a group of
adolescents 10 months after the 2009 EQ. Unexpectedly, lower
rates of PLEs in persons affected by the EQ, compared to non-
affected persons were found (13), with marginal associations
between post-traumatic symptoms and PLEs (14).

A number of putative protective factors may have
contributed to the evidence of lower PLEs rates in
individuals affected by the EQ, including resilience.
Resilience has been shown to play a strong protective effect
along the entire psychosis spectrum, from PLEs (15, 16) to
schizophrenia (17–19). Regarding the 2009 EQ, resilience
could have buffered or moderated the stressful effects,
resulting in lower levels of PLEs regardless emotional
distress associated with post-traumatic symptoms.

As we previously observed, the population in L'Aquila could
have expressed unexpected levels of resiliency (20, 21).
Therefore, if these levels of resilience were preserved in the
population, PLEs rates should not differ between affected and
non-affected individuals 10 years after the event. Our goal is
exploring any difference in resilience levels between affected and
non-affected by the 2009 EQ. Furthermore, we aim at
measuring the effects of EQ 10 years after the event on rates
of PLEs in a sample of University students using an on-line
Frontiers in Psychiatry | www.frontiersin.org 2
survey. Our hypothesis, based on previous reports on levels of
resilience in the population of L'Aquila, is that the impact of the
earthquake on PLEs is negligible.
METHODS AND MATERIALS

Sample
Participants were university students at the University of
L'Aquila. Data were collected over the period of June 2018
until April 2019 using a research website designed for this
purpose (LimeSurvey®). Participants were recruited via
advertisements on various social networks connected to the
University. Recruitment was automatically closed when five
hundred persons had participated. In order to detect random
answering, six verification items were included as a measure of
validity throughout the survey. Two thousand six hundred and
sixty-seven volunteers visited the survey site, 500 gave consent,
correctly answered all the attention checks and completed the
questionnaire. Participants provided written consent for data
collection and analysis. Ethical approval was obtained from the
local Law and Ethics Committee and the local research ethics.
The research adheres to the tenets of the Declaration of Helsinki.

Measures
Prodromal Questionnaire-16, Italian Version
The presence of PLEs was assessed using the Italian version of
the Prodromal Questionnaire-16 (iPQ-16) (22). iPQ-16 is a 16-
items self-report instrument that explores the presence/absence
of 16 PLEs, including perceptual aberrations/hallucinations,
unusual thought content/delusions, and two negative
symptoms, and their associated psychological distress score on
a four-point likert scale ranging from 0 to 48. Although the iPQ-
16 was originally designed as a screening tool for individuals at
Ultra-High Risk in help-seeking populations, several studies have
used this instrument in non-help-seeking samples as a measure
of PLEs (15, 23–25). We used the distress scale as recommended
by Savill et al., (26) for non-help-seeking populations, using a
cut-off of ≥11 as recommended by Pelizza et al. (27) according to
the Italian field test. In this data, the average interitem correlation
was 0.17 and Cronbach's a 0.85.

Resilience
Resilience was measured using the Resilience Scale for Adults,
Italian version (28). The RSA is a 33-item scale evaluating six first
order factors (Perception if Self, Planned Future, Social
Competence, Structured Style, Family Cohesion and Social
resources) and two second order dimensions (Personal and
Contextual Resilience). RSA is a reliable (Cronbach's a from.67
to.81) and stable (test-retest, Pearson r from.73 to.80) instrument
(29). RSA has a semantic differential format on a 1 to 7 likert
scale with higher scores indicating stronger resilience resources.

Earthquake Impact
The earthquake impact was primarily explored with a single
question “where were you in on the day of the earthquake?”,
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considering affected only those individuals that reported being in
L'Aquila and surroundings on the day of the disaster.
Furthermore, the entity of material damages and subjective
psychological suffering due to the earthquake were assessed by
two single item questions on a four-point likert scale phrased as
follows: “did the earthquake cause any material loss?” and “did
the earthquake cause you any psychological suffering?” with 0 =
“not at all” and 4 = “extreme loss/suffering”. Due to the high
number of minor shocks that preceded the main destructive one
during the previous days, many citizens had already left the city
when the earthquake hit L'Aquila. For this reason, material
damages or psychological sufferings may have occurred
independently from actually being in L'Aquila at the time of
the earthquake, for example regarding material goods or
significant others endangered by the earthquake, causing
concern indirectly. Therefore, an impact-severity variable was
computed as the sum of the scores of material damages and
psychological suffering and set to zero for non-affected subjects
in subsequent analysis, in order to separate the direct from the
indirect traumatic experiences.

Potential Confounders
Potential confounders included in the survey were age, gender,
family income (coded as low, mid or high), alcohol or drug abuse
(coded as “abuser” if reporting “often” and “very often” use of
alcohol or drugs) and family history of any mental disorder.

Statistical Analysis
Socio-demographic characteristics, as well as mean iPQ-16 and
RSA mean scores, were calculated for affected and non-affected
participants. Differences between the two groups were examined
using t-test or c2 as appropriate.

Firstly, we compared resilience levels between affected and
non-affected participants using the Mann-Whitney test for two
Frontiers in Psychiatry | www.frontiersin.org 3
independent samples, in order to account for non-normality of
distribution of RSA values. Secondly, the unadjusted and
adjusted effects of EQ, material loss, and psychological
suffering on PLE were estimated using bivariate logistic
regression. Finally, the unadjusted and adjusted effects of RSA
on PLEs were estimated in a second wave of bivariate logistic
regressions, in the whole sample and separately for subjects
affected and non-affected by the EQ. In order to test any
difference in the effect of Resilience on PLEs between affected
and non-affected individuals, an interaction term for each RSA
factor x earthquake was tested.

Due to the constraints imposed on the on-line survey, there
were no missing data. However, some subjects provided invalid
answers to some open questions, that were treated as missing data.
RESULTS

Sample Characteristics
Table 1 presents the characteristics of the sample. Of the 500
respondents, 6 provided invalid information on EQ impact,
and were excluded from subsequent analysis. Of the remaining
494 persons, 176 (35.63%) were directly affected by the 2009
Earthquake. Mean age was 25.5 (5.84); 25 (5%) persons
reported drug or alcohol abuse; 143 (28.6%), 343 (68.6%) 14
(2.8%) persons reported respectively low, middle, and high
income; 76 (15.20%) reported having a 1st degree relative
suffering from a mental disorder. Affected and non-affected
persons did not differ in terms of gender, age, drug or alcohol
abuse, and income. A difference in rates of family history of
mental disorder in 1st degree relatives was found. In our
sample, iPQ-16 distress mean score was 5.02 (s.d. 5.22); 74
(14.8%) individuals scored above cut-off.
TABLE 1 | Characteristics of the sample.

Variable Total Sample
N (%)/Mean (SD)

Non-affected by EQ
N (%)/Mean (SD)

Affected by EQ
N(%)/Mean (SD)

Statistics
(t or c2)

n 494 318 (64.37%) 176 (35.63%)
Gender n.s.
Female 352 (71.26%) 230 (72.33%) 122 (69.32%)
Male 142 (28.74%) 88 (27.67%) 54 (30.68%)

Age 25.52 (5.85) 25.47 (5.82) 25.61 (5.92) n.s.
Alcohol/drug abuse 24 (4.86%) 18 (5.66%) 6 (3.41%) n.s.
Income n.s.
Low 143 (28.74%) 94 (29.56%) 48 (27.27%)
Mid 343 (68.42%) 218 (68.55%) 120 (68.18%)
High 14 (2.83%) 6 (1.89%) 8 (4.55%)

Family history of mental illness 75 (15.18%) 60 (18.87%) 15 (8.52%) c2
ð1Þ = 9.41 (p= 0.002)

iPQ-16 n.s.
Mean distress score 5.01 (5.24) 5.20 (5.39) 4.66 (4.94)
n≥11 distress score 73 (14.78%) 53 (16.67%) 20 (11.36%)

Earthquake Impact n.s.
Material damages 0.27 (0.77) 0.07 (0.4) 0.65 (1.1)
Psychological suffering 0.74 (0.97) 0.44 (0.77) 1.31 (1.04)
Global Impact Severity§ 0.51 (0.72) 0.25 (0.46) 0.98 (0.86)
February 2020 |
EQ, earthquake; iPQ-16, Prodromal questionnaire, Italian version; §Global Impact severity is the sum of Material Loss and Psychological Suffering, in subsequent analysis it is set to 0 in
non-affected persons.
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RSA in Affected and Non-Affected
Persons by EQ
Table 2 reports mean and SD for the six RSA factors and RSA
total score in affected and non-affected persons by EQ, and in the
total sample. The Mann-Whitney test revealed no differences in
RSA factors or total score between affected and non-affected
persons (all p values between 0.147 and 0.797).

Effects of EQ on PLE
Results from logistic regression are presented in Table 3. No
significant association was found between the 2009 earthquake
and PLE [OR=0.64, 95% CI (0.37, 1.110)] nor with severity of
material damages or losses [OR= 0.86, 95%CI (0.60, 1.23)] or
psychological suffering [OR= 1.06, 95%CI (0.83, 1.36)]. Global
impact severity was not associated with PLE [0.92 (0.76, 1.12)].

After adjustment for age, gender, income, alcohol/drug abuse,
and family history of mental disorder, the results did not
substantially vary.

Effects of RSA on PLE
Results of bivariate logistic regressions of RSA factors and total
score on PLE are shown in Table 4. Higher levels of all of the
RSA factors were associated with lower prevalence PLE, with OR
ranging from 0.47 [0.38, 0.59] for “Perception of Self” to 0.78
[0.64, 0.96] for “Structured Style”, and an overall OR of 0.38
[0.28, 0.51] for the RSA total score. After adjustment for age,
gender, income, alcohol/drug abuse, and family history of mental
disorder, the results did not vary substantially. RSA showed a
stronger protective effect in affected subjects compared with non-
affected individuals, with OR ranging respectively from 0.28
Frontiers in Psychiatry | www.frontiersin.org 4
[0.16, 0.47] vs 0.55 [0.43, 0.70] for “Perception of Self” to 0.73
[0.5, 1.1] vs 0.81 [0.64, 1.01] for “Structured Style” factor. The
RSA total score was 0.26 [0.14, 0.47] in affected subjects
compared to 0.43 [0.31, 0.61] in non-affected subjects. After
adjusting for age, gender, income, alcohol/drug abuse, family
history of mental disorder, results did not vary substantially.
Interaction terms between RSA factors and earthquake revealed a
significant interaction for “Perception of Self” only [OR=0.5
(0.28, 0.90)].
DISCUSSION

Summary of Findings
Long term effects of natural disasters, such as the 2009 L'Aquila
earthquake, on PLEs are mostly unknown. We unexpectedly
found lower levels of PLEs in affected adolescents compared to
non-affected ones right after the EQ (13). In this study, we
explored the effects on PLEs 10 years after an earthquake in a
University student sample. No effects of EQ, material loss or
psychological suffering on the rates of PLE were found.
Resilience was confirmed as a strong protective factor for
PLEs, with higher scores on all RSA factors being associated
with lower rates of PLEs, irrespective of a natural disaster.
Indeed, resilience levels did not differ between affected and
non-affected persons. However, the protective effect of
resilience as a total score, and “perception of self” factor in
particular, was substantially stronger in subjects affected by
the earthquake.

Comparison With Previous Literature
To the best of our knowledge, this is one of the few reports
investigating the very long-term effects of a natural disaster on
PLE. Overall, only a limited and conflicting evidence on the
impact of natural disasters on PLEs exists (6). Ayub and
colleagues (11) reported increased rates of psychotic symptoms
after the 2005 Kashmir earthquake, although the absence of a
control group didn't allow them to estimate the effects of the EQ
on PLE. In a national survey in Sri Lanka (12), an association
between PLE and being affected by a tsunami, occurred 10 years
before, was found. However, such association did not hold after
controlling for conflict-related trauma. Moreover, no effect on
PLEs was found in a 20 year follow-up study on PLEs in
individuals affected by bushfires in Australia (30). Data from
the World Mental Health survey confirmed a weak effect of
natural disaster of unspecified type on PLEs, that did not hold
after controlling for confounders (2).

In our sample, the prevalence of PLEs is considerably higher
than the lifetime prevalence of around 5% reported in the
literature (31). This could be due to the use of a self-report
instrument that could have overestimated PLE prevalence
compared to semi-structured interviews. Estimates of the
prevalence of PLEs in population-based samples vary
considerably, mostly depending on the type of instrument used
(3, 31–33). The prevalence in our sample is similar to a 19.1%
found in another study using the Prodromal Questionnaire in a
TABLE 3 | Bivariate logistic regression estimates on psychotic-like experiences
(PLEs) as dependent variable.

PLE Unadjusted OR [95% CI] Adjusted OR [95% CI]a

Affected by EQ 0.64 [0.37, 1.11] 0.82 [0.46, 1.47]
Material Loss 0.86 [0.60, 1.23] 0.97 [0.67, 1.40]
Psychological
Suffering

1.06 [0.83, 1.36] 1.17 [0.90, 1.54]

Global Impact
Severity§

0.92 [0.76, 1.12] 1.01 [0.83, 1.24]
EQ, Earthquake. aAdjusted for age, gender, income, alcohol/drug abuse, family history of
mental disorder. §Global Impact Severity is the sum of Material Loss and Psychological
Suffering, set to 0 in non-affected persons.
TABLE 2 | Resilience levels in affected and non-affected.

Variable Total Sample Non-affected by EQ Affected by EQ

Perception of Self 4.68 (1.28) 4.66 (1.30) 4.75 (1.25)
Planned future 4.70 (1.51) 4.64 (1.50) 4.83 (1.55)
Social Competence 4.88 (1.23) 4.86 (1.25) 4.90 (1.21)
Family cohesion 4.92 (1.53) 4.92 (1.52) 4.91 (1.56)
Social resources 5.63 (1.19) 5.65 (1.15) 5.59 (1.26)
Structured Style 5.12 (1.22) 5.08 (1.23) 5.19 (1.21)
RSA Total 4.99 (0.93) 4.97 (0.93) 5.03 (0.94)
EQ, earthquake; RSA, Resilience Scale for Adults. Mann-Whitney p values ranging from
0.147 to 0.797.
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community sample (9). In this study, however, the number of
endorsed items, rather than the distress score, was taken into
account, contrary to what suggested by Savill and colleagues (26).

Meaning
Our findings represent the first report on PLEs at a such long
time after a natural disaster. To the best of our knowledge, the
interactions between resilience and PLEs in response to a natural
disaster have not been addressed so far. Moreover, the generally
accepted theory is that traumatic events, independently of their
type, negatively affect PLE (6). Our current findings, if confirmed
by larger and more rigorous epidemiological studies, could
challenge this assumption, suggesting to reconsider the effect of
natural disasters on PLEs rates in the light of individual or
contextual resilience factors (34, 35).

Non-deterioration or even improvement in psychotic
symptoms soon after being affected by a man-made disaster,
including terror attacks, has been already proposed (36).
Among the potential protective factors, resilience is of pivotal
importance in contrasting the effects of traumatic events and in
mitigating the impact of psychological symptoms (18, 37).
Consistently, resilience levels did not differ between affected
and non-affected individuals in our sample. The mean age in
our sample is 25, which means that participants were, on the
average, in their adolescence when affected by the earthquake.
This is a critical aspect, because stressful life events have their
major impact when occurring during adolescence. However,
assuming that risk factors play their strongest disruptive effect
during adolescence, it is reasonable to state that also protective
factors could exert their maximum protection during the same
period. Resilience has already been involved in mitigating the
onset of PLEs (16). Our findings suggest that the 2009 EQ
affected a resilient population that may have bounced back
during the immediate aftermaths of the EQ, and that may have
fully recovered, in terms of PLE rates, 10 years after. If the EQ
produced immediate psychological symptoms, resilience could
have promoted a quick subjective process of personal recovery
in heavily traumatized individuals (38).

The exact protective mechanisms of resilience on PLEs
remain elusive. Our finding of a stronger protective effect in
affected vs non-affected subjects suggests that resilience could be
a personal resource particularly important following a natural
disaster. It could be carefully speculated that, if on the one hand,
Frontiers in Psychiatry | www.frontiersin.org 5
resilience is particularly important in long-term protection from
natural disasters, other factors could play a protective role in
persons not involved in traumatic experiences.

In our results, the resilience factor showing the strongest
protective effect was “perception of self”, a factor concerning the
confidence in one's own abilities, self-confidence, self-efficacy,
positive outlook. This is coherent with evidence low self-esteem
mediating the effects of childhood adversities on PLEs (5). It is
noteworthy that this factor in particular show very different OR
between affected and non-affected subjects.

Further studies are needed to explore the pathways through
different resilience factors.

Limitations
The present study has several limitations. Firstly, it has a cross-
sectional design, hence reports on earthquake impact, especially
on psychological suffering, may have been affected by recall
bias. However, more objective measures such as material
damages should be less sensitive to recall bias. Secondly, a
considerable number of people had left the city of L'Aquila,
possibly due to long-lasting psychological problems associated
with constant re-exposure to traumatic reminders of the
earthquake during the last 10 years (39) [based on the
authors' personal experience. See also (40)]. This could have
introduced a selection bias with the underrepresentation of
heavily traumatized subjects. Thirdly, our study was based on
voluntary on-line recruitment, that could have introduced a
self-selection bias. Finally, our study lacks a measure of post-
traumatic symptoms that could have provided further in-depth
analysis of the relations between this particular traumatic event
and PLEs.

The major limitation of this study is that it lacks a baseline
assessment of resilience prior to the earthquake, or any
comparable measure of resilience in the general population or
in another comparable convenience sample. Moreover, severity
of psychological sufferings was not measured using a
standardized psychometric instrument.
CONCLUSIONS

This is the first study reporting the very-long term impact of a
natural disaster in PLEs in a university student sample of young
TABLE 4 | Bivariate logistic regression estimates of resilience on psychotic-like experiences (PLEs).

PLE Total sample Non-affected by EQ Affected by EQ Interaction
terma

Unadjusted OR
[95% CI]

Adjusted OR
[95% CI]a

Unadjusted OR
[95% CI]

Adjusted OR
[95% CI]a

Unadjusted OR
[95% CI]

Adjusted OR
[95% CI]a

OR [95% CI]

Perception of Self 0.47 [0.38, 0.59] 0.46 [0.37, 0.59] 0.55 [0.43, 0.70] 0.54 [0.42, 0,70] 0.28 [0.16, 0.47] 0.28 [0.16, 0.5] 0.5 [0.28, 0.90]
Planned future 0.58 [0.49, 0.69] 0.59 [0.49, 0.71] 0.62 [0.51, 0.76] 0.62 [0.50, 0.77] 0.51 [0.36, 0.70] 0.51 [0.35, 0.74] 0.81[0.55, 1.20]
Social Competence 0.75 [0.61, 0.91] 0.72 [0.58, 0.90] 0.78 [0.62, 0.99] 0.75 [0.58, 0.97] 0.65 [0.44, 0.96] 0.67 [0.44, 1.01] 0.83 [0.53, 1.30]
Family cohesion 0.71 [0.61, 0.83] 0.75 [0.63, 0.89] 0.75 [0.62, 0.90] 0.79 [0.64, 0.96] 0.61 [0.46, 0.81] 0.63 [0.46, 0.87] 0.81 [0.58, 1,10]
Social resources 0.61 [0.50, 0.73] 0.59 [0.48, 0.72] 0.58 [0.46, 0.75] 0.56 [0.43, 0.73] 0.61 [0.45, 0.83] 0.60 [0.42, 0.86] 1.00 [0.70, 1.50]
Structured Style 0.78 [0.64, 0.96] 0.84 [0.68, 1.02] 0.81 [0.64, 1.01] 0.85 [0.66, 1.10] 0.73 [0.50, 1.1] 0.77 [0.52, 1.10] 0.91 [0.58, 1.40]
RSA Total Score 0.38 [0.28, 0.51] 0.38 [0.28, 0.53] 0.43 [0.31, 0.61] 0.43 [0.29, 0.62] 0.26 [0.14, 0.47] 0.27 [0.14, 0.52] 0.60 [0.30, 1.20]
February 2020 | Volu
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adults. No direct effect of the earthquake on PLEs was detected
after 10 years after disaster. Resilience could have played a key
role in normalizing the psychopathological effect of such a
traumatic experience. Further studies are required in order to
better characterize individual and contextual determinants of
resilience in the face of a traumatic event. Moreover, the evidence
of a lack of long-term effect of a natural disaster on PLEs needs to
be replicated in different populations.
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