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ABSTRACT
The aim was to estimate the network analysis between indicators of stress and posttraumatic growth in Peruvian adults
infected with COVID-19. A total of 456 Peruvian adults were studied, and two self-report health measures were applied in
Spanish: Impact of event scale-6 (IES-6) and Posttraumatic Growth Inventory- Short Form (PTGI-SF). The research was
quantitative and correlational in nature, evaluated by means of a Gaussian graphical model of partial correlations and the
stability of network relationships were verified by Bootstraping. The most central negative posttraumatic symptoms were
between intrusive thoughts and avoidance of intrusive thoughts by COVID-19 (E3 and E5). In the PTGI-SF domain, measures
of higher centrality were reported for appreciation for life and religious faith (C2 and C9). The reagent associated with life
appreciation (C2) plays the role of intermediary between the connecting pathways of the other core elements in the
activation of the network system. The highest relationship was found between the hyper vigilance reagents and
concentration problems by COVID-19 (E2 and E6). There were four positive relationships and five negative associations
between stress symptoms and posttraumatic growth, the largest effect sizes included the core symptom of avoidance of
intrusive thoughts with appreciation for life directly and inverse or negative relationship with spiritual growth.
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INTRODUCTION

During these pandemic times there is an increased
tendency for negative impact on mental health. In
particular, many individuals exhibit depressive symptoms,
related to stress and anxiety in response to viral outbreaks
and measures of social isolation [1]. Direct and indirect
exposure to COVID-19 has generated feelings of threat
linked to increased symptomatologic comorbidity of
psychological distress, anxiety, and fear [2,3].
Because of the nature of pandemic threat, models of
posttraumatic stress disorder (PTSD) or posttraumatic
symptoms (PS) seem relevant in the current pandemic
context. The World Health Organization (WHO) refers to
PTSD as a disorder that develops "after exposure to an
extremely threatening or horrific event or series of
events." Which considers that the exposure to the
COVID-19 pandemic and its associated consequences refer
to a valid potentially traumatic event described by the

International Classification of Diseases [4]. Given the
persistence of the event since the early 2020s as a latent
threat, coupled with the effects of virus mitigation
measures have confirmed SP in COVID-19 infected adults
[5,6].
However, some individuals exposed to adversity report
positive changes as a result of their experiences. Such
changes are characterized by a greater appreciation of life,
the perception of new opportunities, a greater sense of
personal strength, improved relationships with people,
and increased religiosity or spirituality. This positive
transformation is known as posttraumatic growth (PG)
[7,8].
The processes underlying the development of PG emerge
in the same way as the negative effects. These are largely
represented in existing models of psychological growth,
most notably the transformational model of Tedeschi &
Calhoun [7]. This model proposes cognitions related to
such events and their coping responses, as well as social
support, which are essential in PG outcomes. Adverse
events are generally experienced as traumatic if they are
seismic enough to shatter world assumptions and pre-
existing schemas. A period of rumination usually follows,
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in which attempts are made to reconcile worldviews with
new information related to the trauma to accommodate
existing knowledge. This does not imply that PG occurs in
the absence of negative affect, as people exposed to
adversity generally report concurrent negative
symptoms, such as SPs. These negative symptoms appear
to be part of the emotional struggle in which PG may
occur [9].
The PS included in this study refers to 3 groups according
to the American Psychiatric Association validated by
Thoresen et al. [10]: Intrusion, avoidance, and
hyperactivity. Intrusion symptoms reflect a re-
experiencing of the traumatic event (e.g., intrusive
memories, flashbacks, nightmares). Avoidance symptoms
are manifested by avoidance of stimuli associated with
the event (e.g., avoidance of thoughts or feelings and
reminders related to the trauma). And, hyperarousal
symptoms reflect increased reactivity to stimuli (e.g.,
Irritability).
The processing period of adverse events is generally
reflected in increased stressful PS, marked by intrusive
thoughts and flashbacks of the event [11]. Findings
suggest that PTSD cognitions show linear and curvilinear
positive relationships with PG [12,13]. Specifically, lower
self-report of PS refers to lower perceived distress from
the adverse event and, in turn, lower experience of PG.
Moderate levels of PTSD symptomatology refer that the
person's world has been challenged in some way, yet may
be involved in the cognitive processing necessary for the
PG to occur. Higher levels of negative SP tend to
overwhelm the individual's coping resources being more
likely to succumb to negative effects of PTSD, with
minimal experience of PG [11].
Thus, although seemingly incompatible, the components
of PG and PTSD often overlap. Concurrence of both has
been reported in a variety of traumatic events [12,13].
Indeed, many individuals have experienced growth
simultaneously with considerable levels of TEPT
symptoms during the COVID-19 pandemic [14,15].
Research on the relationship between PTSD-PG measures
has been focused on identifying general relationships
between both constructs in specific traumatic events.
However, there is little research on how these variables
are maintained among them, therefore, it is necessary to
know the global dynamics of positive and negative PS in
order to know the protective characteristics of
psychological well-being and those of greater
vulnerability to traumatic impact by COVID-19.
After a brief review of the scientific literature, no Latin
American network study was found to date that includes
COVID-19 infection as a traumatic event, and it is
necessary to explore how the higher risk symptoms of
PTSD and the elements of PG are maintained and
mutually reinforcing. Therefore, we aimed to evaluate the
correlation networks of the items of these variables.

METHODS

Participants

Quantitative study of exploratory, correlational, cross-
sectional type, developed in the Metropolitan city of
Lima, Peru, composed of 456 Peruvian adults from the
city of Lima (59.53% women; M age: 25.40, SD=2.08),
due to restrictive government measures of distancing and
social mobility, the application of online survey
methodology was considered. Participants were
recruited using a snowball sampling technique through
social networks such as Whats App groups, Facebook and
Google groups and were encouraged to invite their family
and friends to participate in the survey. It was developed
and administered using Google forms, likewise, informed
consent was included for all participants included in the
study. The data were collected during the last two
months of 2020 targeting an audience over 18 years of
age. Sampling requirements were met given the a priori
power analysis with the consideration of anticipating a
median effect size of 0.10 considered to be a moderate
effect on partial network relationships [16], with a power
level set at 0.95 and a significant alpha of 0.05. The
minimum required size needed to detect a significant
effect was 328 participants for the proposed model of
psychological networks [17].

Instruments

The following instruments were considered in the
Spanish versions: Impact of event scale-6 (IES-6)
composed of six symptoms of increased risk for
posttraumatic stress disorder [10] with Likert responses
from 1 to 4, and Posttraumatic Growth Inventory- Short
Form (PTGI-SF) composed of 10 items [18] for the
measurement of PG with a Likert scaling of six-choice
response. The alpha and omega reliability of the
instruments were estimated, with values greater than
0.85. A demographic data questionnaire was also
considered. The first question of the questionnaire
consisted of reporting whether they had a positive
diagnosis by COVID-19 and its consideration as a
traumatic event; the other questions covered
sociodemographic variables such as age, sex, place of
residence and mental health status.

Statistical analysis

The R package qgrap and the LASSO graph
(recommended fit parameter of γ=.50) were used to
graphically represent the patterns of connections
representing the partial correlations in the network
system; the LASSO estimator allows spurious
relationships to be eliminated [19,20]. The items (nodes)
are interconnected by lines or edges representing the
partial correlations that tend to be located in the network
according to the sum of connections with other nodes
[21]. Red edges represent negative relationships and blue
edges represent positive relationships. The expected
influence index was included since it is the most stable
measure for determining the importance of components
in positive and negative correlations [22] reported in
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network antecedents by Yuan et al. [23] and Peters et al.
[24]. More central elements refer greater network
connections and favor direct and indirect relationships of
the other components in the dynamic system structure.
The robustness of the accuracy of the edge weights was
evaluated using the Bootstrapping method based on
5000 samples to calculate 95% Confidence Intervals (CI)
from a nonparametric approach [19].

RESULTS

Table 1 collects the descriptive statistics of the 
participants' responses for the measures used. These 
data indicate higher reporting of IES-6 items E5 and E3, 
and PTGI-SF items C9 and C2, which in turn reported the 
highest measures of expected network influence.

IES-6 ME EI

E1. 2.98 0.78

E2. 2.93 1.26

E3. 3.04 0.72

E4. 2.15 0.75

E5. 3.18 1.33

E6. 2.89 0.79

PTGI-SF ME IE

C1. 3.74 0.85

C2. 3.98 1.18

C3. 3.82 0.91

C4. 2.68 0.81

C5. 3.54 0.43

C6. 3.8 0.69

C7. 3.29 0.95

C8. 2.86 0.67

C9. 4.47 1.26

C10. 3.05 0.99

Note: ME=mean, EI=expected influence index

The results of Figure 1 show higher network connections 
(correlations) in the PC domain in items C7 and C8 
(partial r=0.31), C2 and C9 (partial r=0.29), C5 and C6 
(partial r=0.28), which refers to a higher interactive 
prevalence between such network elements and presents 
item C9 linked to personal mental strength as one of the 
most central in the network (1.26), item C2 reports a 
higher number of connections. 

Likewise, high measures of association are highlighted 
in the IES-6 symptoms: E2 and E6 (partial r=0.33), E3 
and E5 (partial r=0.30), E2 and E5 (partial r=0.26), item 
E5 referred to the avoidance of intrusive thoughts by 
COVID-19 reports greater network centrality (1.33). In 
turn, this item stands out in the interdomain connections 
(IES6-PTGI) with a greater association with the C2 and 
C3 items. 

Standing out with more interdomain relationships (3) 
was the spiritual growth item (C3). Other reported 
connections were between items C2 and E1, C5 and 
E2, C6 and E4 whose correlation effect sizes are 
between -0.09 and 0.08 values.

Figure 1: Network analysis of the IES-6 and PTGI-SF in
Peruvian adults.
The precision of the edge weights is shown in Figure 2,
where the red line indicates the sample edge weight
(with increasing order from highest negative to highest
positive ratio) and the gray bars are the 95% CIs using
the bootstrapping method. There is evidence of positive
and negative estimated edges, which mostly did not
overlap with other edges, which refers to an accurate
estimation.
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Figure 2: Accuracy of edge weights estimation and
95% bootstrapping CI.

DISCUSSION

Network results seek to provide further information on
how PTSD and PG symptom measures are reinforced
during COVID-19, since in addition to higher reported
levels of stress symptomatology, high values of PG are
also evident during the pandemic event [14,15,25], and
such studies report relationships between both concepts
during COVID-19. Therefore, it is important to evaluate
the simultaneous relationships between the components
of such psychological measures using network analysis,
to our knowledge this is the first study to include this
dynamic method given the stressful event of COVID-19
infection. Although mostly network studies have focused
on assessing negative PS linked to PTSD as referred by a
previous systematic network study [26], while studies
with this dynamic methodology including the measure of
PG are scarce [23,24,27].
The present study reported a higher expected influence
index in item E5. This core component reinforces the
other interactions in the network, i.e., the intrusive
thought avoidance measure by COVID-19 together with
the hypervigilance measure reinforcing the activation of
the other PS by COVID-19 of IES-6 and anchoring the
relationships with the PG domain in the network
structure. Such a finding is in agreement with the positive
and negative PS network study by Peters et al. [24] in a
sample of Chinese earthquake-affected adults, who
reported a higher centrality on the thought avoidance
measure. Thus, also the authors indicated the relevance
of two other symptoms linked to PTSD that were not
included in the current study such as physiological cue
reactivity and reckless behavior. While the PG measures
presented low centrality values, such variations may be
due to the different traumatic event and that the event in
question happened more than a decade ago (2008).
The research by Yuan et al. [23] in a sample of Chinese
university students affected by a natural disaster (grade
3 typhoon), highlighted the higher centrality of PG
measures compared to PTSD symptoms in the network,
especially reported higher centrality in the components

of global vital appraisal. In our study, the core items of
appreciation for each day and greater appreciation for
others were not considered, with the most important
positive PS being appreciation for life (C2) and personal
strength (C9) in the face of COVID-19 infection. Another
central component was the symptom of hypervigilance
(E2), which was also evidenced in the study of Yuan et al.
[23], who also reported high centrality indices in the
negative PS related to difficulty concentrating (E6). Both
negative PS are of higher covariance of the IES-6 domain
in the present network and present relationships with
the central reagent (E5) of higher effect size.
The most central measure of the network is positively
related to the element of appreciation for life (C2) and
negatively related to spiritual growth (C3). This suggests
that avoidance of intrusive thoughts directly reduces
spiritual growth in the face of the COVID-19 infection
event, since further spiritual growth requires acceptance
of such negative thoughts [23]. However, in the short
term this symptom avoidance favors the reduction of
stressful impact, and reinforces a greater appreciation of
life and personal priorities such as family and better use
of time in pleasurable activities, which is more closely
related to the core element of PG (C9).
It is possible to identify a network pathway of interest
consisting of five variables that include the highest
relationships of both network domains (E5-E3-C8-C7-
C2), whose feedback from such indicators provides
additional information on how PTSD and PG measures
are positively reinforced [12,13]. This dynamic pathway
refers that avoidance of intrusive thoughts may generate
a paradoxical effect of increased level of rumination or
repetitive obsessive thoughts that relate to religious faith
[28]. People who have had these experiences may
perceive negative or adverse situations as transformative
given that religious faith reinforces the creation of deep
meaning of the event, which enables the development of
new positive coping skills related to greater adjustment
and positive reappraisal [7,9].
The PG process is composed of negative and positive
cognitions based on the traumatic event (COVID-19), this
refers to a new belief system where people can identify
themselves as vulnerable, but stronger, i.e., they
simultaneously feel less immune to life's adversities, but
with the strength to face it, which strengthens the coping
capacity for the emergence of psychological growth
[29,30]. The interpretation of network models favors the
systemic representation of such a manifestation since it
allows a system where positive and negative PS coexist.
The negative relationships of life appreciation symptoms
with stressful symptoms (C1 and E6; C2 and E5) provide
information on the most essential components linked to
psychological growth, and the findings of Yuan et al. [23]
also point out that life appreciation is essential in the
reduction of PTSD symptoms. Such a measure of PG
should be promoted along with other associated
variables such as meaning, hope, and life satisfaction that
evidence the reduction of the effect of negative PS by
COVID-19 [31-33]. The network results also suggest
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reduced avoidance of intrusive thoughts that in the long
term produce more severe symptoms of psychological
distress and chronic stress. This is of further interest
given that other previous network findings reflect greater
associations between avoidant symptoms of PTSD
[23,24].
The network results obtained show interactions not only
at the level of items in the same domain but also between
domains of two clinical variables of a traumatic nature in
the current pandemic context. Network models are
applicable beyond psychological measures, for example,
they have been applied to other areas of health sciences
and in groups with various chronic conditions [34-38]. It
is possible to explore new clinical hypotheses such as the
comprehensive and simultaneous assessment of various
health conditions comorbid with the COVID-19 pandemic
[39,40], which is not possible with bivariate analyses. It is
also useful for analyzing the systemic relationship of
various protective and risk factors to physical and mental
health [41-43].
Given the traumatic impact of the pandemic, it is required
to evaluate network models that report the
interconnections of PS with other clinical variables of
major interest such as COVID-19 preventive health
behavior [2], burnout [14], eating disorders [6,44],
depression and anxiety [45], sleep disorders [46],
Internet gaming disorder symptoms [47], in addition to
obsession, threat, and fear symptomatology by COVID-19
[39,40,48] to implement a transdiagnostic approach to
mental health assessment and treatment in the face of
psychological responses consequent to the potentially
traumatic event of the current pandemic [49]. While
other network results are of great interest to this journal
as they include measures associated with oral health
[50-53] that require further diffusion in diverse cultural
contexts beyond Latin America.
In the present study, participants did not present diverse
traumatic events, therefore, future studies should
consider correlation network models in participants with
varied stressful events and other populations with
diverse sociodemographic characteristics, also
longitudinal data should be included to estimate directed
networks that are more accurate in assessing causality
patterns in the items evaluated. It should be considered
that this is a cross-sectional study, and does not allow
inferring whether a given node causes or is caused by
another node to which it is connected, due to the use of
undirected networks. It is important to replicate these
network findings in other Latin American groups to
generalize the results obtained.
Another limitation is that the cross-sectional edges
represent both within- and between-subject effects that
cannot be disentangled, i.e., it is not possible for such
results to be interpreted at the individual level.
Experimental and prospective designs are needed that
favor a more rigorous evaluation of the underlying
assumptions in causal systems models in psychological
research that consider diverse measures of analysis and
diagnosis.

In conclusion, this study is the first to apply network
analysis to examine patterns of relationships between
positive and negative posttraumatic indicators
considering the COVID-19 virus infection event. The most
central measures in this network are C9, C2, E2 and E5.
The reagent associated with life appreciation (C2) plays a
fundamental intermediary role in the interconnection of
the other core elements. The intrusive thought avoidance
symptom by COVID-19 (E5) reported the highest
relationships between the positive and negative PS
domains.
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