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and Its Maintaining Mechanisms

René Freichel1, Nora Skjerdingstad2, Alessandra C. Mansueto1, 3, 4, Sacha Epskamp5,
Asle Hoffart2, 6, Sverre Urnes Johnson2, 6, and Omid V. Ebrahimi1, 2, 6

1 Department of Psychology, University of Amsterdam
2 Department of Psychology, University of Oslo

3 Center for Urban Mental Health, University of Amsterdam
4 Amsterdam School of Communication Research (ASCoR), University of Amsterdam

5 Department of Psychology, National University of Singapore
6 Modum Bad Psychiatric Hospital, Vikersund, Norway

Objective: Posttraumatic stress disorder (PTSD) remains a growing public health challenge across the globe
and is associated with negative and persistent long-term consequences. The last decades of research have
identified different mechanisms associated with the development and persistence of PTSD, including mal-
adaptive coping strategies, cognitive and experiential avoidance, and positive and negative metacognitions.
Despite these advances, little is known about how these different processes interact with specific PTSD
symptoms, and how they influence each other over time at the within-person level. Method: Leveraging
a large (N. 1,800) longitudinal data set representative of the Norwegian population during the COVID-
19 pandemic, this preregistered study investigated these symptom-process interactions over four assessment
waves spanning an 8-month period. Results: Our panel graphical vector autoregressive network model
revealed the dominating role of substance use to cope in predicting higher levels of PTSD symptoms
over time and increases in PTSD symptomatology within more proximal time windows (i.e., within 6
weeks). Threat monitoring was associated with increased suicidal ideation, while threat monitoring itself
was increasing upon decreased avoidance behavior, greater presence of negative metacognitions, and higher
use of substances to cope. Conclusions: Our findings speak to the importance of attending to different
coping strategies, particularly the use of substances as a coping behavior in efforts to prevent PTSD chro-
nicity upon symptom onset. We outline future directions for research efforts to better understand the com-
plex interactions and temporal pathways leading up to the development and maintenance of PTSD
symptomatology.

Clinical Impact Statement
Our results showed that substance use as a coping strategy had a dominant role in predicting higher levels
of posttraumatic stress disorder (PTSD) symptoms over time, and threat monitoring was associated with
increased suicidal ideation. These findings highlight the importance of addressing different coping strat-
egies, particularly the use of substances, to prevent chronic PTSD upon symptom onset. The study pro-
vides directions for future research to better understand the complex interactions and temporal pathways
leading up to the development and maintenance of PTSD symptomatology.
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Posttraumatic stress disorder (PTSD) is a debilitating psychiatric
condition with a lifetime prevalence rate among the adult U.S. pop-
ulation of 8.3% according toDSM-5 criteria (Kilpatrick et al., 2013).
In the context of the COVID-19 pandemic, the global prevalence of
PTSD was particularly high among patients with COVID-19 and
health care workers (15.45% and 17.23% respectively, Yunitri
et al., 2022). Several explanations for elevated PTSD rates and distress
levels have been put forward, including concerns about infecting
others, feelings of stigmatization, and unreliable access to protective
equipment (Greene et al., 2021). Risk factors for worsening PTSD
symptoms during the pandemic include prior mental health diagnoses
and sociodemographic risk factors (e.g., young age; Young et al.,
2023).
PTSD is characterized by a heterogeneous clinical phenotype with

symptoms of avoidance, reexperience, intrusive thoughts, and hyper-
arousal (Kelmendi et al., 2016). These PTSD symptoms have been
associated with a range of negative consequences, such as elevated
levels of suicidal ideation and suicide attempts (Brown et al., 2018;
Nock et al., 2009), other psychiatric comorbidities, and functional
impairments and challenges in managing relationships and other
responsibilities (Jellestad et al., 2021).
A range of cognitive (e.g., worry) and behavioral (e.g., social avoid-

ance) coping strategies have been associated with increased PTSD
symptomatology (Pietrzak et al., 2011). Previous research indicates
a bidirectional temporal association between avoidance as coping
and PTSD symptoms over the course of treatment (Badour et al.,
2012). Closely related to vigilance-avoidance processes, ruminative
and repetitive negative thinking (Moulds et al., 2020), as well as per-
turbed threat monitoring and attention bias (Lazarov et al., 2019;
Naim et al., 2014) have been associated with the development of
PTSD symptomatology. Individuals that engage in excessive worry
may be more vulnerable to adverse effects of traumatic experiences.
Moreover, both positive (e.g., “I need to ruminate to solvemy problem
with previous trauma”) and negative (e.g., “Ruminating about my
trauma just makes it worse”) metacognitive beliefs (Huntley &
Fisher, 2016; Wells, 2009) about the consequences of rumination
have been associated with increased ruminative thinking that may fur-
ther exacerbate posttraumatic stress symptoms (Roussis & Wells,
2006). Similarly, behavioral coping mechanisms, such as using sub-
stances to cope have been linked to PTSD symptom development
(Ullman et al., 2013). Such strategies may be used to avoid negative
thoughts and cognitions or alleviate distressing symptoms. Emotional
dysregulation, defined as difficulties with managing or modulating
emotional responses, has been linked to increased PTSD symptom
severity (Weiss et al., 2019). Recent evidence suggests that PTSD
symptoms are more strongly related to suicidal thoughts and behaviors
at high levels of emotional dysregulation (Raudales et al., 2021). The
present study aimed to examine the relationship between these cogni-
tive and behavioral factors and PTSD symptomatology at different
time scales (i.e., across time and within the same time point).
Despite these advances in identifying relevant mechanisms and

processes, most studies examining associations between relevant
psychopathological processes and PTSD symptomology show three
key methodological characteristics that limit their interpretation.

First, the majority of studies examining interactions between pro-
cesses and PTSD symptoms are of cross-sectional nature, and they
lack temporal precedence. Some recent evidence using longitudinal
data points to promising temporal pathways inwhich avoidance symp-
toms were predicted by various PTSD symptoms across time
(Schlechter et al., 2022). Still, little is known about temporal effects
between symptoms and the various theorized mechanisms. Second,
existing associations found between different theorized processes
and PTSD symptoms are mostly based on between-person differences
derived from cross-sectional data—that is, for example, the extent to
which individuals using more maladaptive coping strategies com-
pared to other individuals) also show more intrusions compared to
other individuals. However, to understand psychopathological mech-
anisms we need to study within-person effects—that is, how increases
or decreases in maladaptive strategies for individuals compared to
their own average (e.g., whether they drink more than they usually
do) relate to increases or decreases in symptoms compared to their
own average. This warrants a separation of within-person (changes
within individuals) and between-person (differences between individ-
uals) effects (Curran & Bauer, 2011; Hoffman & Stawski, 2009).
When the former is studied in a sample consisting of multiple sub-
jects, this allows the estimation of the average within-person effects,
highlighting how a within-person increase in a maladaptive coping
strategy relates to a within-person increase in a symptom on average
across the sample, providing mechanistic insights about processes
on the within-person level that reoccur across individuals. This sepa-
ration is of key importance considering that within-person change
(i.e., how individuals change across time) is considered the basis for
clinical intervention efforts. In contrast, insights about time-invariant,
trait-like between-person associations are more informative for under-
standing individual differences.

Third, most studies to date have focused on associations between
single mechanisms and their relationship with aggregate levels of
PTSD symptomatology (i.e., total scores). Therefore, knowledge
of the interrelationship between different psychopathological pro-
cesses and their granular associations with specific PTSD symptoms
is missing. Such insights may allow researchers to pinpoint relevant
dynamics which could further be tested in intervention studies with
the ultimate goal to more precisely treat PTSD.

Our study aims to disentangle specific PTSD symptom-process con-
nections on a granular basis in an exploratory fashion. It uses a powerful
methodological framework to establish temporal (i.e., granger-causal)
associations, and discerns within- and between-person effects in the
interaction between prominent psychopathological cognitive-behavioral
processes and their relationship to specific PTSD symptoms.

Method

We preregistered the conceptual background, variable selection, pre-
dictions, and analytical strategy before data analysis. The preregistration
for the present study and all analysis scripts can be accessed via the
Open Science Framework (preregistration: https://osf.io/ydqhg?view_
only=f54c79e3bf294eb3b4f15465219f7d9d; code: https://osf.io/
at5pn/?view_only=9c3c56cbd49648f3a632b51e55601847).
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Participants and Procedure

A representative sample of adults was investigated in the Norwegian
COVID-19, Mental Health and Adherence Project (MAP-19)—a lon-
gitudinal survey of the general Norwegian population throughout the
COVID-19 pandemic (Ebrahimi, Bauer, et al., 2021; Ebrahimi,
Hoffart, et al., 2021). All respondents were above 18 years of age,
lived in Norway during the time of data collection, and provided
informed consent to participate. During recruitment at the first wave
of the study, all participants provided responses to an online-distributed
survey disseminated to a random selection of adults through a
Facebook Business algorithm, in addition to systematic dissemination
of the survey via national, regional, and local information platforms
(i.e., television, radio, and newspapers). This procedure is outlined
elsewhere (Ebrahimi, Hoffart, et al., 2021). All participantswho started
the study were subsequently invited for all assessment waves and
instructed to complete the assessment through online surveys.
Participants who took part in the study had a chance to enter a raffle
for a pair of headphones. The sampling procedure ensured that partic-
ipants were recruited from all regions in Norway in proportion to their
population size. Following a stratification procedure (see Ebrahimi
et al., 2022 for more details), different characteristics were compared
to their occurrence rate in the Norwegian adult population, and unrep-
resentative characteristics were poststratified to ensure representative-
ness at the first wave. Attrition over time was investigated in this
data using a tree-based classification approach, with no systematic pat-
tern in dropout found over time (Ebrahimi et al., 2022).
We used data from the fifth to the eighth wave of the survey to

ensure the time interval between measurements was comparable
(pertaining to the assumption of equidistant measures in panel net-
work models). The period of the assessment across all waves was
about 8 months (start of fifth wave: May 8, 2021, end of eighth
wave: January 14, 2022). The stratified representative sample of
adults included 1,811 respondents at the fifth wave and 1,110 at
the eighth measurement wave (Ebrahimi, Bauer, et al., 2021).

Participant Characteristics

The number of respondents at each wave were 1,811 (Wave 5),
1,405 (Wave 6), 1,426 (Wave 7), and 1,110 (Wave 8). The survey
included mandatory response fields, such that all variables included
the same number of respondents. Participants could skip an assess-
ment wave and still continue the study. 61.29% of the 1,811 partici-
pants provided responses at the final wave (N= 1,110), denoting an
attrition of 38.71%. These dropout levels were consistent with other
longitudinal pandemic studies (Pierce et al., 2021). Participants in
this study were on average approximately 40 years old (Mage=
38.91, SD= 15.18, age range: 19–87), with the sample further
balanced with respect to sex (47.39% female, 52.61%male). The pro-
portion of participants in each education category (10.60% compul-
sory school, 40.81% upper secondary high school, 11.60% student,
and 37.00% any university degree obtained) was representative of
the Norwegian adult population (e.g., 37.00% in the sample vs.
35.60% in the population having a university degree), though a
fewer proportion of those with compulsory education were captured
by the sample (10.60% vs. 24.20%). The proportion of adults with
preexisting psychiatric disorders was 19.60%, representative of the
rate of psychological disorders in the Norwegian adult population,
which ranges between 16.66% and 25.00% (Norwegian Institute of

Public Health, 2016). The ratio of subjects sampled from each region
of Norway was further proportional to each respective region size,
yielding a geographically representative sample of Norway.
Respondents generally showed substantial variability in the PTSD
cluster, emotional dysregulation, positive, and negative metacogni-
tions, and the selected maladaptive coping strategies (see Table S1
in the online supplemental materials).

Measures

PTSD Checklist for DSM-5 (PCL-5)

The PCL-5 checklist is a self-report measure that assesses the 20
DSM-5 symptoms of PTSD (Weathers et al., 2013). The full scale
consists of 20 items that measure symptom severity on a 5-point
scale (0= not at all, 1= a little bit, 2=moderately, 3= quite a
bit, 4= extremely). DSM-5 symptom cluster severity scores can be
obtained through addition of the respective scores within each clus-
ter. The four PTSD symptom criteria (Friedman, 2013) assess intru-
sion symptoms (Cluster B, Items 1–5), general avoidance symptoms
(Cluster C, Items 6–7), negative alterations in cognition and mood
(Cluster D, Items 8–14), and alterations in arousal and reactivity
(Cluster E, Items 15–20). The PCL-5 scale is established as a gold-
standard measure of PTSD symptomatology and was shown to pos-
sess excellent internal and test–retest reliability (Ashbaugh et al.,
2016). See Table S3 in the online supplemental materials for an
overview of Cronbach’s alpha estimates for all measures.

Maladaptive Coping Strategies and Positive/Negative
Metacognitions

The Cognitive Attentional Syndrome Scale (CAS-1; Wells, 2011)
was used to assess both maladaptive coping strategies and metacog-
nitive beliefs. The CAS-1 is a self-report questionnaire used to assess
various facets of the CAS, including the frequency of worry, rumi-
nation, and underlying negative metacognitive beliefs. The first
five CAS-1 items were used to assess maladaptive coping strategies.
These items specifically assess repetitive negative thinking (Item 1),
threat monitoring (Item 2), situational (Item 3), cognitive avoidance
(Item 4), and the use of substances to cope (Item 5). These items
were included as observed single indicators in the network. We
summed items assessing positive (Items 10, 12, 14, and 16) and neg-
ative (Items 9, 11, 13, and 15) metacognitive beliefs to their respec-
tive subscales and included these in the network. Respondents
indicated the frequency of their maladaptive coping strategies on a
9-point Likert scale from 0 (none of the time) to 8 (all of the time).
For the metacognitive beliefs, responses were assessed on a scale
ranging from 0 (do not agree at all) to 100 (strongly agree).
Previous studies have provided evidence for adequate psychometric
properties and a good internal consistency (Nordahl &Wells, 2019).

Emotional Dysregulation

To decrease participant burden with respect to the overall number
of items in the survey, a reduced scale with six items (one from each
subscale) of the Difficulties in Emotion Regulation Scale (DERS;
Gratz & Roemer, 2004) was used to assess emotional dysregulation.
The following six items were used to construct a composite score of
emotional dysregulation: (a) “When I’m upset, I become irritated at
myself for feeling that way”; (b) “When I’m upset, I have difficulty
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getting work done”; (c) “When I’m upset, I have difficulty control-
ling my behavior”; (d): “When I’m upset, I acknowledge my emo-
tions”; (e) “When I’m upset, I believe there is nothing I can do to
make myself feel better”; and (f) “I have difficulty making sense
out of my feelings”. The items were scored on a 5-point range
from 1 (almost never) to 5 (almost always). This shortened scale
was shown to be reliable in the present sample (Solbakken et al.,
2023) and it showed good internal consistency, with Cronbach’s
alpha of .77.

Suicidal Ideation

A single item (Item 9) obtained from the Patient Health
Questionnaire-9 (PHQ-9; Kroenke & Spitzer, 2002) depression scale
was used to assess suicidal ideation. Participants were instructed to
indicate their agreement with the item (“Thoughts that you would be
better off dead or of hurting yourself in some way”) on a 4-point
scale (0= not at all, 1= several days, 2=more than half the days,
3= nearly every day). The PHQ-9 is a commonly used screeningmea-
sure of the presence and duration of depression with good psychomet-
ric properties (see Kroenke et al., 2010). Higher scores on Item 9 of the
PHQ-9 have been associated with an increased risk of suicide (Louzon
et al., 2016; Simon et al., 2013).

Data Analysis and Modeling

Apanel graphical vector autoregressive (GVAR)model was used to
discern temporal (prediction over time), contemporaneous (associa-
tion within the same time window), and between-subjects (relation-
ship between means of subjects) effects in the networks (Epskamp,
van Borkulo, et al., 2018; Epskamp, Waldorp, et al., 2018). The
panel GVAR model is similar to a stationary random-intercept cross-
laggedmodel (Epskamp,Waldorp, et al., 2018; Hamaker et al., 2015).
In the vector autoregressive (VAR) part of the model, every variable is
predicted by itself and the values of all other variables. This leads
to both autoregressive (i.e., node predicting itself) and cross-lagged
(i.e., different nodes predicting each other) estimates. In addition
to the temporal VAR model, the innovation is modeled through a
Gaussian Graphical Model which can be visualized as a contempora-
neous network that describes associations between different variables
within the same measurement occasion. The model is described
in more detail elsewhere (Epskamp, van Borkulo, et al., 2018;
Epskamp, Waldorp, et al., 2018; Freichel et al., 2023).
To facilitate stationarity, we detrended the data for possible linear

and nonlinear trends (i.e., removed linear and quadratic effects of
time, see Table S4 and Figure S1 in the online supplemental materi-
als) and standardized across time points. To adhere to the assumption
of equidistant measurements (i.e., always 6-week period in-between
waves), a dummy (i.e., empty) wave was added between the second
and third aforementioned waves (i.e., 12 weeks). This insertion
solely functions as a data analytic technique that allows the estima-
tion of lagged effects at an equidistant (i.e., 6 weeks) time period
between each time point. The time lag of the temporal effects in
the present study was 6 weeks, while contemporaneous effects dis-
play relationships between variables within the same measurement
window. The Full Information Maximum Likelihood (FIML) esti-
mator was used in cases of missing data (Schafer & Graham,
2002). To examine whether the model appropriately captures the
interactive dynamics over time, we used different model fit statistics,

including the root-mean-square error of approximation (RMSEA),
comparative fit index (CFI), and the Tucker–Lewis index (TLI).
Adhering to the preregistered study plan, all multiple-indicator con-
structs (PTSD cluster, emotional dysregulation, and metacognitions)
were included as sum scores in the model to foster model identifica-
tion. First, we fitted a saturated model that includes all edges to
examine whether a lag-1 process may appropriately describe the
data. Next, we estimated pruned network models with a step-up
model search estimation by removing nonsignificant edges (using
α= .05) to make the models robust against false positives as is com-
monly done in the literature (Blanken et al., 2022). A good fit of the
pruned model implies that the sparse and more parsimonious net-
works closely approximate the underlying data structure. The
model estimation procedure was done using the psychonetrics pack-
age (Epskamp, 2021) and we visualized all network structures using
the qgraph package (Epskamp et al., 2012). The between-subject
variance-covariance structure was modeled using a Cholesky
decomposition. For the purpose of this study emphasizing within-
person relationships, the between-subject effects are merely com-
puted to enable us to study contemporaneous and temporal associa-
tions in isolation. The temporal and contemporaneous effects
estimated in the panel GVAR model represent fixed effects that
describe the average within-person effects across subjects. To quan-
tify the relative importance of nodes in the temporal network, outgo-
ing and incoming absolute edge weights from and to a node were
computed, referred to as out/in-strength in the network analysis lit-
erature. The out-strength captures the extent to which nodes influ-
ence all other nodes on a consecutive assessment wave, while
in-strength describes to what degree nodes are influenced by all
other nodes, both while controlling for all other variables in the net-
work. The measures of out- and in-strength exclude the autoregres-
sive effect of a node. All analyses were done using R (Version 4.1.2;
R Core Team, 2021).

Results

Frequency of Different TraumaTypes Experienced by the
Subjects

Across different categories of traumas (e.g., life-threatening
injury, sudden death, severe human suffering) and the different
ways these could be experienced across individuals, 1,658
(91.55%) of the participants responded that they had experienced
a traumatic event either happening to themselves, or that they had
encountered a traumatic event through witnessing it, learning
about it, or the traumatic experience being part of their job. More
specifically, 1,361 (75.15%) of the participants had experienced a
traumatic event related to life-threatening illness or injury, of
which 327 (18.05%) had reported that this event had happened to
themselves, while 1,034 (57.10%) responded that they had experi-
enced that specific trauma in other ways (i.e., witnessed it, learned
about it, or the event being part of their job). A full list of the fre-
quency of the different trauma types and the form in which they
were experienced by the participants is reported in Table S2 in the
online supplemental materials.

Temporal Associations Across Time

The saturated panel network model provided an excellent fit
to the data (TLI= 0.98, CFI= 0.98, RMSEA= 0.022). After
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standard pruning procedures were applied, the pruned model
(TLI= 0.98, CFI= 0.98, RMSEA= 0.021) revealed generally
more sparse network structures that contain only significant
edges. Our bootstrapping procedure revealed moderate/sufficient
stability of all associations central to the interpretation of the net-
work structures (see Figures S3–S4 in the online supplemental
materials) with substantially more variance (i.e., less stable asso-
ciations) in the temporal compared to the contemporaneous
network.
The sparse temporal network (see Figure 1) describes how vari-

ables in the network are predicted by all other variables at the previ-
ous time point (Figure 2).
Within the different PTSD symptom clusters, higher arousal

and reactivity symptoms predicted fewer intrusion symptoms.
Maladaptive coping strategies differentially predicted PTSD symp-
toms: Using substances to cope emerged as a predictor of all four
PTSD symptom clusters, indicating that individuals who use more
substances to cope than their own average will experience an
increase in all PTSD symptom domains at the next time point.
Different maladaptive coping strategies show complex patterns of
interactions. Threat monitoring emerged as a coping strategy that
is predicted by more negative metacognitions, higher use of sub-
stances to cope, with threat monitoring further heightened through
less general cognitive avoidance. Threat monitoring in turn emerged
as the only predictor of suicidal ideation. Repetitive negative think-
ing predicts more cognitive avoidance, and more symptoms of emo-
tional dysregulation that in turn predict greater situational avoidance.

Figure 2 visualizes both out- (outgoing) and in-strength (incoming)
centrality measures for the pruned temporal network. Substance use to
cope was the node with the greatest outward influence in the network,
with its increase amplifying the four PTSD symptom clusters and
threat monitoring. Threat monitoring emerged as the node that is
most influenced by all other nodes, predominantly predicted by differ-
ent cognitive processes and symptoms in the network.

Contemporaneous Associations Within the Same Time
Window

The pruned contemporaneous network structure is shown in
Figure 3 and illustrates the association of all variables within the
same time frame while controlling for all other variables in the net-
work. All four PTSD symptom clusters are strongly interconnected,
highlighting their deleterious amplification of one another within the
same 6-week time window. We observe particularly strong links
between negative mood/cognitions (Cluster D) and arousal and reac-
tivity (Cluster E). Also, general avoidance and intrusion symptoms
strongly co-occur within the same time window. Different maladap-
tive coping strategies and metacognitions (positive/negative) are
respectively positively associated with each other. Interestingly,
the negative mood and cognition cluster is the only PTSD symptom
measure that is directly positively associated with suicidal ideation.
Threat monitoring, negative metacognitions, and repetitive negative
thinking are all positively associated with suicidal ideation that in
turn is negatively associated with the general avoidance PTSD

Figure 1
Pruned Temporal Network of Directed Associations Across Time

Note. The color (red [light gray]= positive, blue [dark gray]= negative) and thickness of the edges describe the direction and strength of associations respec-
tively. Nodes are colored according to the domain that they belong to. PTSD= posttraumatic stress disorder; SubstCope= use of substance to cope. See the
online article for the color version of this figure.

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

FREICHEL ET AL.220

https://doi.org/10.1037/tra0001624.supp
https://doi.org/10.1037/tra0001624.supp


symptom criterion. Various maladaptive coping strategies are differ-
entially associated with PTSD symptom clusters. For instance, the
arousal and reactivity symptom Cluster E is associated with repeti-
tive negative thinking and the use of substances to cope. In contrast,
the general avoidance cluster is not directly associated with any of
the maladaptive coping strategies. Intrusion symptoms co-occur
with threat monitoring and other PTSD symptoms. The measure
of strength centrality (sum of all associations to all other nodes)
for the contemporaneous symptom network can be found in
Figure S2 in the online supplemental materials. Negative metacogni-
tions showed the highest relative importance (strength centrality) in
the network.

Discussion

Our study investigated the dynamics of theDSM-5 PTSD symptom
criteria, additional related symptoms of suicidal ideation, and theory-
derived mechanisms (e.g., maladaptive coping strategies, metacogni-
tions, emotional dysregulation). Using a longitudinal data set with
over 1,800 participants measured at four waves of data spanning 8
months, we used novel panel GVAR models to discern contempora-
neous and temporal dynamics in the network structure—an innovative
technique with only a few applications to date in the field.
Our findings highlight the crucial role of substance use to cope

with negative feelings or thoughts as the only mechanistic predictor
of all PTSD symptom clusters over time. Notably, there were no con-
temporaneous connections between substance use and all PTSD
symptom clusters, thus the potential effects were not immediately
noticeable. The high out-strength indicates the pronounced temporal
and long-term impact of using substances to cope in predicting more
PTSD symptoms and increased threat monitoring over time. Our

results are in line with prior evidence showing that alcohol and
drug consumption have been associated with more PTSD symptoms
1 year after a traumatic event (Kishore et al., 2008). The detrimental
long-term effects of using substances to cope may likely also explain
the substantial rate of co-occurring PTSD and substance use disor-
ders and the poorer treatment outcomes associated with this
co-occurring condition (Berenz & Coffey, 2012).

Consistent with another study, we show that different PTSD symp-
tom clusters (i.e., arousal-reactivity and intrusive symptoms) influence
and interact with each other (Schlechter et al., 2022). Within the same
time window, we observed particularly strong associations between
PTSD symptom clusters of arousal-reactivity and alterations in nega-
tive mood and cognitions. Likely, heightened states of physical arousal
may foster anxious experiences and lead to altered cognitions (e.g.,
lower concentration) which may explain this strong co-occurrence of
symptomatology. Interestingly, all different coping strategies also
highly co-occur whichmay suggest that individuals likely use different
strategies in parallel to cope with a range of PTSD symptoms. The
strong contemporaneous link between general avoidance and intrusion
symptomsmay reflect the negative reinforcing feedback loop observed
in clinical practice suggesting that attempts to avoid or suppress nega-
tive or feared thoughts may increase the frequency of intrusions
(Lawrence et al., 1996; Salkovskis & Campbell, 1994).

With respect to the related PTSD symptoms, suicidal ideation was
predicted by substance use and negative metacognitions through threat
monitoring. Both the use of substances to cope and negative metacog-
nitive beliefs likely escalate individuals’ perception and monitoring of
threats, heighten and prolong anxiety (Wells, 2009), which may lead
to elevated hopelessness and suicidal ideation as a consequence.
Moreover, threat monitoring acts as a mechanism that itself is strongly
influenced by less general avoidance of PTSD symptoms and less cog-
nitive avoidance of negative thoughts and feelings. Thus, internal and
external avoidance may reduce the urge to monitor threats in the long
run. In addition, threat monitoringwas predicted by negative metacog-
nitions. Negative metacognitions, including beliefs about thoughts
being detrimental and uncontrollable (e.g., “strong emotions are dan-
gerous and will make me lose my mind”) may result in perceptions of
increased threat. These connections between threat monitoring and
negative metacognitive beliefs are in accordance with the metacogni-
tive therapy theory (Wells, 2009) and the underlying self-regulatory
executive function (S-REF) model (Wells & Matthews, 1996). The
importance of metacognitive beliefs in treatments has also been doc-
umented in several other studies (Hoffart et al., 2018; Johnson et al.,
2018). Similarly, substance use (e.g., alcohol) decreases inhibitory
abilities (Loeber & Duka, 2009) which may elevate individuals’ cog-
nitive vulnerability to excessive threat monitoring. These temporal
associations are in line with prior cross-sectional evidence in a clinical
sample showing that heightened threat reactivity is associated with
more suicidal ideation (Lieberman et al., 2020). Thus, targeting differ-
ent avoidance behaviors and negative metacognitive beliefs in clinical
practice may prove viable in reducing threat monitoring and its detri-
mental repercussions.

Emotional dysregulation as a core psychopathological process
was predicted by repetitive negative thinking and in turn, pre-
dicted situational avoidance. These associations were also
reflected in the contemporaneous network that describes associa-
tions within the same time window. Repetitive negative thinking,
consisting of increased worry and rumination, may trigger affec-
tive and emotional disturbances (Vine et al., 2014), lead to more

Figure 2
Out- and In-Strength of Pruned Temporal Network

Note. For readability, the figure displays abbreviated names for both
symptoms and processes. Intru= intrusion symptoms; SuicIdea= suicidal
ideation; Neg/PosMeta= negative/positive metacognitions; SubstCope=
use of substance to cope; Cog/SitAvoid= cognitive/situational avoidance;
ThreatMo= threat monitoring; RNT= repetitive negative thinking;
EmoReg= emotional dysregulation; ArousReact= arousal and reactivity;
NegCog= negative mood and cognitions; GenAvoid= general avoidance
symptoms. See the online article for the color version of this figure.
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biased perceptions and interpretations of subsequent situations
and therefore more upsetting emotions that are difficult to regulate.
Consequently, the person may avoid situations more to prevent
negative feelings from arising.
Several limitations should be considered when interpreting our

findings. First, we examined symptom interactions in a general pop-
ulation sample during the COVID-19 pandemic. While 91.55% of
the included patient had experienced a traumatic event, 9% of the
participants reported no such experience. Future research should
aim to replicate the patterns found in clinical populations. Second,
while the sample was selected to be representative of the
Norwegian population at the first wave, differential attrition in sub-
sequent waves may have introduced certain biases that affected the
representativeness of the sample. Third, different methodological
limitations constrain the interpretability of our findings. The current
panel GVAR approach assumes linear dynamics and lag-1 relation-
ships between all variables included in themodel. However, it is pos-
sible that some relevant processes operate on more granular or longer
time scales, or reveal complex nonlinear patterns, which linear lag-1
models cannot capture. Moreover, the estimated temporal effects
represent average within-person effects in the population, and thus,
they may not necessarily reflect processes occurring at the individual
level (Epskamp et al., 2022). While temporal effects satisfy the cri-
terion of Granger causality and temporal precedence, future studies
should aim to cross-examine whether the temporal associations
reflect causal relationships. Moreover, our study included all
multiple-indicator constructs as sum scores, and thus, they cannot
accommodate measurement error. Notably, our measure of negative
metacognitions demonstrated suboptimal internal consistency.
Lastly, our study used an exploratory network modeling approach,
and thus, our findings should be considered hypothesis-generating.

Future work should adopt confirmatory network modeling strategies
to test and validate these predicted pathways.

Despite these limitations, our study is the first to use a state-
of-the-art panel GVAR approach to examine within-person interac-
tions between a range of PTSD symptoms and different theorized
mechanisms. The multifactorial approach here allowed us to explore
patterns of interaction between symptoms and processes while con-
trolling for a wide range of variables. Importantly, our study
addressed interactions leading up to a persistent symptom experi-
ence, advancing insights on effects occurring in the long term
which is of relevance for chronicity of symptomatology and mecha-
nistic processes attributing to these.

Our study took place during the COVID-19 pandemic, a period
characterized by various stressors, uncertainties, and a higher likeli-
hood of trauma exposure for certain groups (Bridgland et al., 2021).
It is likely that the context of the pandemic might have magnified cer-
tain processes and intensified stress and symptom levels. However,
our analysis focused onwithin-person deviations from this heightened
means, and thus, we believe that the symptom-process associations
unveiled in our study, hold relevance in other contexts as well.

PTSD and its far-reaching consequences remain a growing concern
for both individuals and society. Our study showcases a novel method-
ological and conceptual approach which contextualizes symptoms and
different cognitive and behavioral processes as interacting systems
enhancing each other and ultimately maintaining these adverse symp-
tom expression states. Regarding practical implications, our findings
highlight the critical role that substance use plays in the exacerbation
and persistence of PTSD symptoms. This insight provides healthcare
professionals with a clear target: by addressing and intervening on spe-
cific maladaptive coping strategies, specifically the use of substances
and threat monitoring, they may be able to interrupt a potentially

Figure 3
Pruned Contemporaneous Network of Associations Within the Same Time Window

Note. PTSD= posttraumatic stress disorder; SubstCope= use of substance to cope. See the online article for the
color version of this figure.
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devastating cycle and reduce the likelihood of PTSD symptoms
becoming chronic or severe.
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