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ABSTRACT

Background: Network analysis has gained increasing attention as a new framework to study
complex associations between symptoms of post-traumatic stress disorder (PTSD). A number
of studies have been published to investigate symptom networks on different sets of
symptoms in different populations, and the findings have been inconsistent.

Objective: We aimed to extend previous research by testing whether differences in PTSD
symptom networks can be found in survivors of type | (single event; sudden and
unexpected, high levels of acute threat) vs. type Il (repeated and/or protracted; anticipated)
trauma (with regard to their index trauma).

Method: Participants were trauma-exposed individuals with elevated levels of PTSD
symptomatology, most of whom (94%) were undergoing assessment in preparation for
PTSD treatment in several treatment centres in Germany and Switzerland (n =286 with type
| and n=187 with type Il trauma). We estimated Bayesian Gaussian graphical models for
each trauma group and explored group differences in the symptom network.

Results: First, for both trauma types, our analyses identified the edges that were repeatedly
reported in previous network studies. Second, there was decisive evidence that the two
networks were generated from different multivariate normal distributions, i.e. the networks
differed on a global level. Third, explorative edge-wise comparisons showed moderate or
strong evidence for specific 12 edges. Edges which emerged as especially important in
distinguishing the networks were between intrusions and flashbacks, highlighting the
stronger positive association in the group of type Il trauma survivors compared to type |
survivors. Flashbacks showed a similar pattern of results in the associations with detachment
and sleep problems (type Il > type I).

Conclusion: Our findings suggest that trauma type contributes to the heterogeneity in the
symptom network. Future research on PTSD symptom networks should include this variable
in the analyses to reduce heterogeneity.

Comparacion de las redes de sintomas del TEPT en sobrevivientes de
trauma de tipo 1 y tipo 2

Antecedentes: El andlisis de redes ha ganado cada vez mds atencién como un nuevo marco para
estudiar asociaciones complejas entre sintomas del Trastorno de Estrés Postraumatico (TEPT). Se
han publicado una cantidad de estudios para investigar las redes de sintomas en diferentes
conjuntos de sintomas en distintas poblaciones, y los hallazgos han sido inconsistentes.
Objetivos: Nuestro objetivo fue ampliar la investigacion previa probando si se pueden encontrar
diferencias entre las redes de sintomas del TEPT en sobrevivientes de trauma de tipo 1 (evento
Unico; subito e inesperado, niveles elevados de amenaza aguda) versus los de tipo 2 (eventos
repetidos y/o prolongados; anticipados) (con respecto a su trauma indice).

Métodos: Los participantes eran individuos expuestos al trauma con niveles elevados de
sintomatologia de TEPT, la mayoria de los cuales (94%) se sometian a una evaluacién en
preparacion para el tratamiento del TEPT en varios centros de Alemania y Suiza (n=286 con
tipo 1y n=187 con tipo 2 de trauma). Estimamos modelos graficos Bayesianos Gaussianos para
cada tipo de grupo de trauma y exploramos las diferencias entre los grupos en la red de sintomas.
Resultados: En primer lugar, para ambos tipos de trauma, nuestros andlisis identificaron los
bordes que se reportaron repetidamente en estudios de redes anteriores. En segundo lugar,
hubo evidencia decisiva que las dos redes fueron generadas de diferentes distribuciones
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normales multivariadas, es decir, las redes diferian a nivel global. En tercer lugar, las
comparaciones exploratorias de los bordes mostraron una evidencia de moderada a fuerte
para 12 bordes especificos. Los bordes que surgieron como especialmente importantes para
distinguir las redes fueron las intrusiones y flashbacks, destacando la asociacién fuertemente
positiva entre los grupos de tipo 2 en comparacién con los sobrevivientes de trauma del
grupo de tipo 1. Los flashbacks mostraron un patron similar de resultados en las
asociaciones con desapego y problemas de suefio (tipo 2 > tipo 1).

Conclusiones: Nuestros resultados sugieren que el tipo de trauma contribuye a la
heterogeneidad en los sintomas de red. La investigacion futura sobre las redes de los
sintomas de TEPT deberia incluir esta variable en los andlisis para reducir la heterogeneidad.
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« Analysis revealed that

trauma type contributes to
the heterogeneity in the
symptom network and it is
important variable to
consider in the future
research.
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Posttraumatic stress disorder (PTSD) is a highly
prevalent and disabling disorder with onset after
trauma experiences. Since its introduction into the
classification systems in 1980 (DSM-III: American
Psychiatric Association, 1980), the exact definition
and formulation of the disorder has been subject to
considerable debate.

Recently, network analysis has been proposed as a
novel approach to conceptualising mental disorders
(Borsboom & Cramer, 2013). Network analysis is a
group of statistical techniques that are used to investi-
gate and visualise the co-occurrence (typically corre-
lation) between the phenomena of interest. The goal
is to estimate the conditional dependence structure
in the shape of a network diagram, with nodes repre-
senting each entity and with edges representing the
associations between nodes. In psychopathological
research, nodes typically represent individual symp-
toms of psychological disorders and edges are
defined as (partial) correlations between the symp-
toms. In other words, the network approach informs
which symptoms co-occur within a disorder and
across disorders, and can therefore help to identify a
core set of symptoms and their relationships that
best characterises a disorder such as PTSD.

Over the past five years, dozens of studies have been
published on PTSD symptom networks in trauma sur-
vivors, including e.g patients diagnosed with PTSD
(Hoffart et al., 2019), adult survivors of childhood

abuse (Knefel et al.,, 2016), military (Armour et al.,
2017), survivors of terror attacks (Birkeland et al.,
2017), survivors of natural disasters. A recent systema-
tic review (Birkeland et al., 2020), as well as a recent
meta-analysis (Isvoranu et al., 2021) identified edges
that emerge robustly regardless of differences in cul-
ture, trauma type, and symptom severity (see also
Fried et al.,, 2018). These include edges between the
symptoms hypervigilant and easily startled; nightmares
and intrusive thoughts; internal avoidance and external
avoidance; emotional numbing and feeling detached;
and feeling detached and loss of interest. In addition,
amnesia is often recognised as the most peripheral
symptom associated with few other symptoms in a
network (Isvoranu et al., 2021).

Despite some consistent and robust aspects (e.g. re-
experiencing amongst the core PTSD symptoms (Bry-
ant et al., 2017; Haag et al., 2017)), researchers overall
have concluded that there is large between-study het-
erogeneity in published PTSD symptom networks.
Analyses of multiple samples and datasets identified
large random effect sizes on the correlational structure
of the symptoms (Epskamp et al., 2021; Isvoranu et al.,
2021). This raises the question of whether there are
systematic differences in symptom networks between
different subgroups of trauma survivors.

The current study focused on trauma type as a
potential moderator of characteristics in PTSD
symptom networks. It is conceivable that trauma



type may be an important moderator, as it has been
shown to have a significant impact on symptom
severity, associations between symptoms, and preva-
lence of PTSD (Cloitre et al., 2009; Kelley et al., 2009)
as well as the complexity of the symptom presen-
tation (Cloitre et al., 2009, 2013). In addition, differ-
ences in symptom networks between survivors of
different types of traumas were indeed found in two
recent studies. In the first study, Benfer et al. (2018)
computed PTSD symptom networks in female
undergraduate students who had survived three
different trauma types (i.e. motor vehicle accident,
sexual assault, and sudden accidental or violent
death of a loved one). Results showed a significant
difference in the global edge strength between sexual
assault and motor vehicle accident. In addition,
visual inspections of the symptom networks for the
different groups suggested that the network for sex-
ual assault was most conceptually similar to PTSD
as defined by DSM-5 (i.e. symptoms were most con-
sistently linked to each other in a way that was similar
to DSM-5 symptom clusters in this group) (Benfer
et al., 2018). More recently, Macia et al. (2020) exam-
ined symptom networks of veterans with combat vs.
non-combat index trauma. Their results showed
some variability in the network related to presence
and absence of combat experiences. However, no for-
mal statistical tests were conducted on the between-
network differences, and the conclusions were merely
based on visual inspection of the relative network
structure (Macia et al., 2020). In addition, the distinc-
tion between the different trauma types studied
appeared to be somewhat arbitrary and not guided
by theoretical ideas regarding differences in trauma
type that could be related to differences in symptom
presentation. For example, there is considerable evi-
dence showing that sudden and unexpected trau-
matic events that are characterised by high levels of
acute threat (e.g. accidents; single episodes of phys-
ical or sexual assault) may lead to different symptom
presentations than repeated and/or protracted trau-
matic events (e.g. sexual and/or physical maltreat-
ment in childhood) (Cloitre et al., 2013; Courtois &
Ford, 2009). Research investigating the sequelae of
type I vs. type II trauma has mainly focused on con-
ceptual issues (e.g. whether or not different diagnoses
are needed for classic vs. more complex PTSD)
(Maercker, Brewin, Bryant, Cloitre, Reed, et al,
2013; Resick et al.,, 2012) or the type of symptoms
experienced following the different trauma types
(Briere et al., 2008; Cloitre et al., 2009). However,
to our knowledge, there has been no investigation
about whether trauma type defined in this way is
related to the co-occurrence of these symptoms, i.e.
the PTSD symptom network structure.

The current study aimed to extend the promising
findings on trauma type as a potential moderator for
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the structure of PTSD symptom networks (Benfer
et al., 2018; Macia et al., 2020) in three ways. First,
based on the theoretical and empirical findings, we
used specific characteristics of trauma (single event;
sudden and unexpected, high levels of acute threat
vs. repeated and/or protracted, anticipated traumatic
events) to distinguish between type I vs. type II
trauma. We decided to use the current categorisation
given the empirical findings showing that sudden
and unexpected traumatic events that are character-
ised by high levels of acute threat (e.g. accidents;
single episodes of physical or sexual assault) and
may lead to different symptom presentations than
repeated and/or protracted traumatic events,
especially those that are experienced early in life
(e.g. sexual and/or physical maltreatment in child-
hood) (Cloitre et al., 2013; Courtois & Ford, 2009).
Second, we targeted mostly treatment-seeking
trauma survivors in order to maximise the clinical
relevance of our findings. This is because non-clini-
cal samples, such as a student population, may have a
different symptom distribution than a clinical popu-
lation. Third, rather than relying on visual inspec-
tion of symptom networks, we used a particular
statistical approach - the Bayesian method (Wil-
liams, 2021; Williams et al., 2020) - to estimate
and compare the networks of different trauma
types. This method has important practical advan-
tages, such as being computationally more efficient
and providing a higher power to detect network
differences than the permutation-based test (van
Borkulo et al., 2017) that has been used in the litera-
ture (Benfer et al., 2018; Fried et al., 2018).

Our analysis had three aims. First, we aimed to test
whether edges identified in a relatively robust way in
earlier studies would also emerge in the symptom
networks in our study, irrespective of trauma type.
Second, we hypothesised that the symptom network
of type I trauma survivors shows a global difference
to the network found in type II trauma survivors,
considering all possible edges (i.e. the entire covari-
ance matrices). Third, we explored between-network
differences regarding each edge to clarify which
edges are characteristic of one of the networks but
not the other.

1. Method
1.1. Participants

Three datasets (total N =586) were combined for the
current study. The first dataset was taken from a pub-
lished study (Kriiger-Gottschalk et al., 2017) compris-
ing 352 traumatised individuals attending different
treatment centers specialised in trauma-related dis-
orders across Germany (a subset of 32 participants
were traumatised individuals recruited via newspaper
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ads; for details on recruitment see Kriiger-Gottschalk
et al., 2017). The second data set included 174 patients
attending the Outpatient Treatment centre at LMU
Munich. The third data set consisted of 60 patients
attending at the Outpatient Centre for Specific Psy-
chotherapy at the Psychiatric University Hospital in
Zurich, Switzerland. The same inclusion criteria
were used across all datasets: (a) participants had
been exposed to at least one traumatic event in their
lives, and (b) at least one month had elapsed since
the trauma. Only those who met both criteria were
invited to the assessments. Further, 113 participants
had to be excluded from the final sample as they did
not provide sufficient data for analyses (for details
see Procedure below). Therefore, the final sample
comprised 73 participants, most of whom (94%)
were attending a PTSD treatment center undergoing
assessment prior taking up PTSD-specific treatment.
Participants had not received any interventions at
the time of assessment (for detailed sample character-
istics, see Table 1).

1.2. Measures

The German version of the Life Events Checklist for
DSM-5 (LEC-5: Weathers, Blake, et al., 2013) was
used to measure trauma exposure. This self-report
questionnaire assesses exposure to 16 categories of
traumatic events and one additional item for any
other exceptional stressful event. Participants were
first instructed to indicate all applicable events
among the categories. They also provided follow-up
information concerning the most traumatic event.

Table 1. Sample characteristics.

We grouped participants into type I vs. type II trauma
survivors on the basis of the most traumatic event
reported (see Procedure section).

The German version of the PTSD Checklist for
DSM-5 (PCL-5: Kriiger-Gottschalk et al., 2017;
Weathers, Litz, et al., 2013) was used to assess PTSD
symptoms. The PCL-5 consists of 20 items corre-
sponding to the DSM-5 criteria for PTSD. Each item
was rated for the intensity using a 5-point scale (0 =
not at all, 4 = extremely). The PCL-5 has an established
cut-off of > 33, indicating clinically significant levels of
symptoms (Kriiger-Gottschalk et al., 2017; Weathers,
Blake, et al., 2013). The PCL-5 has the following
four subscales: Re-experiencing, Avoidance, Changes
in mood and cognition, and Hyperarousal (Table
S1). Internal consistency for the total PCL-5 score
was excellent in the final sample (Cronbach’s a
=.93). When completing the PCL-5, participants
were instructed to refer to the most traumatic event
that they reported on the LEC (Weathers, Blake,
et al., 2013).

1.3. Procedure

On the basis of the most traumatic event reported on
the LEC, two independent raters classified participants
as type I vs. type II trauma survivors with regard to
their index trauma. Raters were provided with
definitions of the type I and type II trauma and then
rated the events based on the narrative description
of the worst event reported by participants, including
the following questions related to this event (e.g. how
long ago it happened, how many times altogether it

Characteristics

Type | trauma survivors (n = 286)

Type Il trauma survivors (n = 187)

Age (years, M, SD; Range)
Gender®
Female (n, %)
Male
Education (n)°
No qualification or only primary school
Middle school or equivalent
High school degree
University degree
Other
Type of traumatic events experienced (n)
Natural disaster
Accident
Physical assault
Sexual assault
Combat/Captivity
Life-threatening illness or injury
Sudden violent or accidental death
Any other very stressful event or experience®
Time passed since trauma exposure
Recruitment
Traumatised and attending assessment prior to PTSD treatment
Traumatised currently not seeking treatment

c

37.27 (12.18; 18-76) 37.14 (11.66; 18-67)

162 (56.64%)
123 (43.36%)

125 (66.84%)
62 (33.16%)

39 (13.64%) 32 (17.11%)
83 (29.02%) 59 (31.55%)
75 (26.22%) 42 (22.46%)
73 (25.52%) 25 (13.37%)
8 (2.80%) 6 (3.21%)
4 (1.06%) 0
60 (15.87%) 0
61 (16.14%) 83 (32.17%)
74 (19.58%) 96 (37.21%)
34 (8.99%) 46 (17.83%)
33 (8.73%) 3 (1.16%)
54 (14.28%) 0

58 (15.34%) 30 (11.63%)

260 (90.91%)
26 (9.09%)

181 (96.79%)
6 (3.21%)

Note: type | =single event; sudden and unexpected, high levels of acute threat; type Il = repeated and/or protracted; anticipated.

Missing for a participant (in type | trauma group).

PMissing for 8 participants (2.80%) in type | and for 23 (12.30%) in type Il group.
°A participant could indicate multiple traumatic events; “For example: being stalked, being a victim of intimidation by a criminal group, surviving from

terroristic attacks.



happened). Both raters were trained clinicians, and the
inter-rater reliability was excellent (Cohen’s k = 0.86).
Any disagreements were discussed and resolved by the
research team. Whenever available, clinicians who
worked with the participants were also asked to rate
the trauma type, which was used to verify the ratings
provided by independent raters; this was possible for
a subsample of n=234. The rating procedure was
organised as follows. First, we found that some partici-
pants (n=57) did not provide a description of the
most traumatic events on the LEC, so the data for
those participants were not used in the analyses.
Second, we checked whether the most traumatic
events met the DSM-5 A criterion. The events that
did not meet this criterion, or the events that could
not be classified as type I or type II trauma, were
also excluded from the analyses (n=19). Third, we
excluded the data from participants who reported no
symptoms of PTSD (as indicated by a PCL-5 total
score of zero) or those who had not filled in the
PCL-5 (n=5). Finally, some participants (n=32)
had to be excluded from the analyses as they did not
provide sufficient data on PCL items for the analyses.
This was default setting on the BGGM package. The
final sample size was 473 participants, comprising
286 type I trauma survivors and 187 type II trauma
Survivors.

1.4. Statistical analyses

First, we estimated Gaussian graphical models, namely
symptom networks, on the reported PTSD symptoms
for type I and type II trauma sufferers. Each node in
the networks represented one of the 20 PTSD symp-
toms measured by the PCL-5, and each edge rep-
resented a partial correlation between two given
symptoms. The networks were estimated using the
Bayesian method implemented in the R package,
BGGM (Williams & Mulder, 2020). This package pro-
vides a Gibbs sampler to generate posteriors with the
Matrix-F prior distribution as a flexible alternative to
(inverse) Wishart priors. For each network, we drew
5000 posterior samples, with which we obtained the
posterior means of each partial correlation and their
95% credible intervals (CIs). To determine the con-
ditional (in)dependence (i.e. ‘existence’ of an edge in
a network), we used the Bayes factor (BF), indexing
the strength of the evidence for the alternative hypoth-
esis (i.e. the partial correlation is not equal to zero)
relative to the null hypothesis (i.e. the partial corre-
lation is equal to zero). We set the threshold as BF >
3, which is typically interpreted as good evidence in
favour of the alternative' (Kass & Raftery, 1995).
Second, we tested the differences in the network
between type I and type II trauma survivors. To test
the network-wide global differences, we performed a
predictive check on the basis of the Jensen-Shannon
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divergence (JSD), which is known as a symmetric ver-
sion of Kullback-Leibler divergence (Menéndez et al.,
1997). In general, this test statistic represents the dis-
tance between two distributions. From posterior
samples, a predictive distribution of JSD is produced,
which serves as a reference to determine the predictive
p-value for the observed JSD. The hypothesised group
equality (to be rejected) was tested with alpha =0.05.
Put differently, this test identifies whether the covari-
ance matrices of type I and type II trauma survivors
are generated from different multivariate normal dis-
tributions. As another test statistic, we also computed
the sum of squared error for the partial correlation
matrices (Williams et al., 2020). As one of the most
important advantages, this predictive method allows
for testing a global (not edge-specific) difference
between the networks (Williams, 2021). Additionally,
a simulation study showed that this method is less sen-
sitive to unequal sample sizes between the compared
groups than the permutation-based test (Williams
et al., 2020).

Third, after establishing the global difference, we per-
formed edge-specific comparisons using Bayesian
hypothesis testing; here, a BF was defined as the strength
of the evidence favouring the alternative hypothesis (H;:
the edge is not equal between Type-1 and Type-2 trauma
sufferers) over the null hypothesis (Hy: the edge is equal
between the two groups). The BF can be interpreted as
follows: BF > 30 indicates very strong evidence, BF =
10-30 indicates strong evidence, and BF = 3-10 indicates
moderate evidence for H;. For each of the network esti-
mations, we identified no convergence issues through
visual inspections of the trace plots and auto-corre-
lations, and effective sample sizes of the posterior
samples. In reporting the results of the network analyses,
we adhered to the reporting standards for psychological
network analyses® (Burger et al., 2020).

2. Results
2.1. Participants’ characteristics

We first tested potential differences in demographics
between type I and type II trauma survivors (Table
1). Results showed no significant difference in age,
1(405.44) =0.11, d=-0.01, p >.90, but did show
a significant difference in the gender distribution,
x> (1)=4.33, p<.04, which is consistent with the
WHO report that women are more likely to report
type II trauma than men (World Health Organis-
ation, 2021).

Second, we tested whether groups differed regard-
ing their PCL scores. Type II trauma survivors scored
higher on the PCL total score as well as the four sub-
scales than type I trauma survivors (Table 2). Within
the whole sample, 313 individuals (type I: 173; type
II: 140) reported clinically significant levels of PTSD
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Table 2. Means (SDs) of the PCL-5 Scores for type | and type Il trauma survivors.

Variable Type | (n=286) Type Il (n=187) T df p

PCL-5 total score 37.42 (19.22) 43.59 (17.04) -3.66 429.91 <.01
Re-experiencing 10.35 (5.64) 11.65 (5.10) -2.60 425.28 <.01
Avoidance 4.19 (2.54) 5.07 (2.42) -3.82 410.49 <.01
Changes in mood and cognition 12.15 (7.36) 14.81 (6.54) —4.11 429.47 <.01
Hyperarousal 10.73 (6.15) 12.06 (5.42) —-2.47 431.15 <.01

Note: PCL-5 = PTSD Checklist for DSM-5.

symptoms as indicated by PCL scores above the cut-
off of 33 (Kriiger-Gottschalk et al., 2017). Individual
item means (and correlations) can be found in Figure
1A (and in supplementary materials Tables S4 and S5).

2.2. Network estimation for type | and type Il
trauma

We estimated separate Bayesian Gaussian graphical
models (partial-correlation networks) for type I and
type II trauma survivors (Figure 1(B,C)).

2.3. Testing the global network differences and
edge-wise comparisons

In a next step, we tested for differences between the
networks for the two groups. As a test of the global
network difference, the predictive p-value for the

A. PCL item means

Score

9 10 11 12 13 14
PCL items

1.2 3 4 5 6 7 8

B. Type-1 trauma

20
o

\

15 16 17 18 19 20

observed JSD rejected the null hypothesis, (JSD =
1.40, p <.01), which means that there were significant
differences in the network structure between type I
and type II trauma survivors. The sum of the squared
error confirmed this global group difference, (SSE =
2.58, p<.01).

In order to better understand differences between
the networks, we explored group differences in edge
strength and identified 15 edges with BF > 3, favouring
the alternative hypothesis that the edge strength
differed between the two networks (Figure 2).
Table 3 illustrates the selected 12 edges for interpret-
ation, which (a) were recognised in either the network
of type I or type II survivors (or both) and (b) showed
BF > 3 for the network comparisons; the other three
edges appeared neither in the network of type I nor
type II survivors. The most prominent difference
was found for the edge between the symptoms of

— Type1

Cluster
Re;experignciqg

3 or
2. Nightmares

®  3.Flashbacks
4. Emotional cue reactivity
5. Physiological cue reactivity

Avoidance
6. Avoidance of thoughts
7. Avoidance of reminders

Changes in mood/ cognition
8. Trauma related amnesia
9. Negative beliefs
10. Blame of self or others
11. Negative trauma related emotions
12. Loss of interest in activities
13. Detachment
14. Inability to experience positive emotions

Hyper-arousal
15. Irritability / anger
16. Self destructive / reckless behavior
17. Hypenvigilance
18. Exaggerated startle response
19. Difficulty concentrating
20. Sleep problems

C. Type-2 trauma

Figure 1. Means of individual PCL items (with standard errors; Panel A) and estimated symptom networks for type-1 (Panel B) and

type-2 (Panel C) trauma survivors.
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Figure 2. Bayes factors (BFs) for edge-wise group differences.
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Table 3. Bayes Factors (BFs) and Posterior Means and Standard Deviations for Edge-wise Group Differences (BF>3).

Edge (Item number, label) BF M SD

Positive association in type I; Null association in type Il

7-10 Avoidance of reminders Blame of self or others 20.11 0.29 0.10

5-10 Physiological cue reactivity Blame of self or others 8.48 0.26 0.10

9-14 Negative beliefs Inability to experience positive emotions 6.82 0.25 0.10

7-17 Avoidance of reminders Hypervigilance 4.86 0.24 0.10

13-19 Detachment Difficulty concentrating 4.63 0.24 0.10
Negative association in type I; Null association in type Il

7-15 Avoidance of reminders Irritability/anger 3.67 —0.23 0.10
Null association in type I; Negative association in type Il

12-16 Self-destructive/reckless behaviour Loss of interest in activities 31.04 0.31 0.10
Null association in type I; Positive association in type Il

1-3 Intrusive distressing thoughts or memories Flashbacks 152.51 —-0.33 0.09

10-17 Blame of self or others Hypervigilance 8.01 -0.27 0.11

3-13 Flashbacks Detachment 5.68 —0.24 0.10

5-11 Physiological cue reactivity Negative trauma-related emotions 3.02 -0.22 0.10
Negative association in type I; Positive association in type Il

3-20 Flashbacks Sleep problems 26.45 -0.30 0.10

intrusions and flashbacks, highlighting the stronger
positive association in the group of type II trauma sur-
vivors compared to type I survivors. Flashbacks
showed a similar pattern of results in the associations
with detachment and sleep problems (type II > type I).
These group differences were identified even after
controlling for the gender differences and education
levels (see the supplementary material, Table S6).
Additionally, we repeated the analysis without the 32
participants who had not been recruited via treatment
centers; results were overall unchanged.

3. Discussion

Earlier studies investigating PTSD symptom networks
have shown large between-study heterogeneity (Isvor-
anu et al., 2021) suggesting that there may be sub-
groups of trauma survivors showing systematic

differences in symptom network structures. The cur-
rent study aimed to test whether trauma type is a sig-
nificant moderator of characteristics in PTSD
symptom networks. Both networks showed a strong
edge between the items hypervigilance and being
easily startled, which has repeatedly been found in
previous network studies (Birkeland et al., 2020;
Fried et al., 2018; Isvoranu et al., 2021). Furthermore,
other edges identified in the earlier literature emerged
in both networks: nightmares - intrusive thoughts,
internal avoidance - external avoidance, emotional
numbing - feeling detached, feeling detached - loss
of interest. These edges appear to be robust across
different trauma types and other sample character-
istics (Birkeland et al., 2020; Fried et al., 2018; Isvor-
anu et al., 2021) and thus, may be interpreted as
common features of PTSD-symptom networks.
These robust edges can be interpreted as common
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features of PTSD symptom networks across different
sample populations, including treatment-seeking
trauma survivors.

We then tested our hypothesis that there should be
significant differences in PTSD symptom networks in
survivors of type I vs. type II trauma. In line with our
hypothesis, the network comparison test provided
strong evidence for a global difference between the
networks of the two groups. This global difference
endorses the heterogeneity in symptom networks
due to the difference in trauma type (Benfer et al,
2018; Macia et al., 2020). There is consistent earlier
evidence showing that type II trauma is related to
higher symptom severity (Ehring & Quack, 2010),
and complexity (Briere et al, 2008; Cloitre et al.,
2009). The current findings additionally suggest that
type I vs. type II trauma also leads to differences in
the structure or co-occurrence of PTSD symptoms.
If replicated, this could suggest that future studies
investigating PTSD symptom networks may benefit
from paying closer attention to trauma type as a mod-
erator, whereby the distinction between type I and
type II trauma appears to be a promising starting
point. In addition, there may also be implications for
the literature focusing on differences in sequelae of
type I vs. type II trauma, suggesting that in addition
to focusing on the question of whether the different
types of trauma lead to different symptoms and/or
diagnoses (see Maercker, Brewin, Bryant, Cloitre,
van Ommeren, et al., 2013; Resick et al., 2012), the
structure and inter-relationship of symptoms, as
well as their potentially causal links, may be important
to consider.

As the literature on symptom network models is
still at an early stage, it is yet unclear whether the
identification of cross-sectional network models also
has clinical implications. However, preliminary evi-
dence suggests that pre-treatment cross-sectional
symptom networks predict within-subject relation-
ships between symptoms in the sense of change trajec-
tories (Klipstein et al., 2021). Therefore, it appears
promising to investigate whether information on
differences in symptom network structures between
different subgroups of trauma survivors can inform
the differential selection of treatment targets.

As symptom networks were found to differ between
groups at a global level, we also conducted edge-wise
comparisons to explore unique edges for the different
trauma groups. The network of type I trauma survi-
vors (but not those with type II trauma) comprised
positive associations between the core symptoms of
PTSD (e.g. avoidance, cue reactivity) and cognitive
and emotional problems (e.g. blame, negative beliefs,
lack of positive emotions). On the other hand, the net-
work of type II trauma survivors also showed unique
(or stronger) edges compared to those who had
experienced type I trauma. For example, flashbacks

were closely associated with intrusions, detachment,
and sleep problems. Due to the highly exploratory
nature of these analyses, these findings should be
interpreted with great caution. If replicated in future
research, the findings may be indicative of a key role
of flashbacks, i.e. re-experiencing with a strong disso-
ciative component in the symptomatology related to
type II trauma, with dissociative flashbacks being clo-
sely related to a broad network of symptoms. On the
other hand, the findings might suggest a particularly
strong relationship between core symptoms of PTSD
and cognitive and emotional problems in type I
trauma survivors. In addition, the findings are in
line with differences in coping behaviour between
trauma groups, with a link between avoidance and
anger in the type I trauma group, and reckless behav-
iour and loss of interest in activities in the type II
group.

Several limitations are noteworthy. First, the total
sample was derived by combining different sub-
samples that had been recruited at different locations
and drawn from slightly different populations.
Although heterogeneity to this extent is common in
the literature, the generalizability of the findings may
be in question. Second, information about partici-
pants’ history of the psychological and medication
treatment could not be collected and reported.
Third, the sample size of the current study was around
the average of other published network analysis
studies on PTSD (Isvoranu et al.,, 2021). However,
replication using larger sample sizes nevertheless
appears necessary. Fourth, we were specifically inter-
ested in the difference between type I and II trauma;
therefore, we did not examine differences between
more specific types of events (e.g. physical assaults
vs. sexual abuse). Although our results support the
view that the rather broad distinction between type I
and type II trauma is important to explain some of
the heterogeneity found in earlier research, it cannot
be ruled out that more specific trauma types may
account for additional heterogeneity. Future studies
are needed to address this issue. Additionally, future
research should address other trauma characteristics
that could explain differences in the symptom constel-
lation (e.g. accidental vs. interpersonal trauma). Fifth,
there are many other pre-, peri- and post-traumatic
moderators that should be considered that may also
explain some of the differences. Sixth, we used just
event index for the trauma type distinction. Future
research should consider using additionally Child-
hood Trauma Questionnaire (CTQ) to obtain
additional information about childhood trauma. Fur-
thermore, future research should more closely con-
sider all traumatic experiences experienced by
participants rather than focusing on the index trauma
only. Lastly, we used only questionnaire self-report
data. Observer-rated measures or more objective



(behavioural/physiological) variables can be included
in the future studies.

Despite the limitations, this study provides impor-
tant evidence for the hypothesis that trauma type is a
relevant moderator that may help account for part of
the inconsistent findings in PTSD network literature
to date. Given that the shape of network depends on
what items (symptoms) are included in the analysis,
future research should go beyond the item set
defined by DSM-5 and additionally include symptoms
indicative of more complex PTSD presentations (e.g.
disturbance in emotion regulation, negative self-iden-
tity, relationship difficulties) and other trauma-related
symptoms as suggested in the study of Haan and col-
leagues (Haan et al., 2020). This will provide a more
comprehensive picture of the PTSD symptomatology
and variants. Furthermore, widening the focus to
symptoms of other psychopathology may help estab-
lish the transdiagnostic role of trauma.

Ethical approval

The study was approved by the Ethics Committees of
the Institute of Psychology, University of Miinster,
Germany, as wells as the Department of Psychology,
LMU Munich, Germany. All participants provided
informed written consent.

Notes

1. We found that the use of another threshold, i.e., a
posterior probability > 0.95 for the alternative
hypothesis, led to a network structure similar to the
used threshold of BF > 3 (Biel and Friedrich (2018);
see also the supplementary materials and Tables S2
and S3). Naturally, a more conservative threshold
prunes more edges; e.g., for the network of the
Type-1 trauma survivors, the threshold of a posterior
probability > 0.99 identified 26 ‘significant’ edges,
whereas the threshold of > 0.95 led to 32 edges. A
more conservative threshold is, in general, better to
control the false discovery rate, but the threshold of
0.99 could be too conservative given that this
threshold is known to identify many fewer edges
than the standard estimation approach using the
regularization with the graphical lasso (Williams,
2021).

2. Most of earlier studies on symptom networks in
PTSD have reported centrality indices. We therefore
also provide centrality indices for the networks com-
puted in this study in the supplementary materials
(Figures S2 and S3), as they may be informative to
see the relative importance of a node within a net-
work. However, we decided not to interpret the cen-
trality indices here because we see little or no
additive value of the indices in the context of network
comparison (Bringmann et al, 2019). Instead, we
explored network differences for each edge. Given
that a centrality is e.g., a sum of edge strengths per
node, edge-wise comparisons would already suffice
to clarify how and where two networks differ.
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