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The relationship of posttraumatic stress disorder and developmental 
trauma disorder with childhood psychopathology: A network analysis 
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A B S T R A C T   

Objective: Potentially traumatic experiences are a major risk factor for mental disorders in children and ado
lescents. Posttraumatic psychopathology includes trauma-specific disorders such as posttraumatic stress disorder 
(PTSD) as well as other psychiatric disorders. Developmental Trauma Disorder (DTD) has been proposed as a 
developmentally sensitive diagnosis. We aimed to further illuminate the co-occurrence of psychiatric conditions 
with DTD and PTSD. 
Method: In a convenience sample of families of 507 children and adolescents (mean age = 12.11 years old, SD =
2.92; 48.5% female), we assessed DTD, PTSD, and screened for psychiatric disorders. We estimated network 
models including DTD, PTSD and ten psychiatric conditions. 
Results: We found that DTD and PTSD share both common and differential comorbidity features on disorder-, 
domain-, and symptom-level. The differential comorbidity patterns of the DTD and PTSD domains placed DTD 
close to both externalizing and internalizing psychopathology while PTSD was primarily linked to internalizing 
conditions. 
Conclusions: Our study provides evidence for the complex clinical presentation of posttraumatic psychopathology 
over and above PTSD in children. DTD and PTSD provide useful and distinct diagnostic categories for children 
who are also experiencing internalizing conditions, and DTD may be especially relevant for children who are 
experiencing externalizing psychopathology.   

1. Introduction 

Potentially traumatic experiences are a major risk factor for mental 
disorders in children and adolescents (Lewis et al., 2019; McLaughlin 
et al., 2013). Posttraumatic psychopathology includes trauma-specific 
disorders such as posttraumatic stress disorder (PTSD) as well as other 
psychiatric disorders (D’Andrea et al., 2012; Green et al., 2010). Chil
dren and adolescents who experience potentially traumatic victimiza
tion such as maltreatment often develop symptoms and developmental 
problems that go beyond PTSD (D’Andrea et al., 2012; McLaughlin & 
Lambert, 2017; Spinazzola et al., 2014; Villalta et al., 2018). Diagnostic 
categories that do not take the history of psychological trauma and 

victimization into account may lead to treatment that fails to address 
posttraumatic sequelae with evidence based trauma-focused therapy 
(Lewis et al., 2020). 

Developmental trauma disorder (DTD) has been proposed as a 
developmentally sensitive condition for assessing and treating chil
dren’s complex mental and behavioral health symptoms and psychoso
cial problems following traumatic victimization and disrupted 
attachment bonding with primary caregivers (Ford et al., 2013; Ford 
et al., 2018). Against the background of a developmental framework to 
understand the consequences of early trauma (Pynoos et al., 2009), DTD 
defines symptoms in three domains associated with traumatic victimi
zation and attachment disruption in childhood (D’Andrea et al., 2012). 
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The first DTD domain is affective/somatic dysregulation (Criterion B), 
based on research and theory demonstrating that maladaptive emotion 
processing and emotion dysregulation are a cross-cutting feature of 
childhood psychopathology (Aldao et al., 2016; Beauchaine & Cicchetti, 
2019; Conway et al., 2018; Heleniak et al., 2016; McLaughlin et al., 
2020; Weissman et al., 2019). Somatic dysregulation also was included 
based on evidence that children often express distress indirectly through 
somatic complaints and somatoform symptoms (Agnafors et al., 2019). 
The second DTD domain, cognitive/behavioral dysregulation (Criterion 
C), includes symptoms referencing cognitive/attentional preoccupation 
with threat (McLaughlin et al., 2020; Weissman et al., 2020) and 
behavioral disinhibition/dyscontrol associated with impaired executive 
functions and effortful control (Beauchaine & Cicchetti, 2019; Hankin 
et al., 2017; Huang-Pollock et al., 2017; Santens et al., 2020; Snyder 
et al., 2019; Wade et al., 2020). The third DTD domain, relational/i
dentity dysregulation (Criterion D), includes avoidant and aggressive 
modes of engaging in relationships (McLaughlin et al., 2020; Schweizer 
et al., 2020), disorganized attachment working models and rejection 
sensitivity (Foxhall et al., 2019; Snyder et al., 2019), and severe 
self-devaluation and self-ideal discrepancy (Mason et al., 2019; Schwe
izer et al., 2020). Aiming at developing an empirically based diagnosis, 
recent studies investigated the psychometric properties of DTD using a 
specifically designed measure, the Developmental Trauma Disorder 
Semi-Structured Interview (DTD-SI), and found support for the construct 
and validity of DTD (Ford et al., 2018; Ford et al., 2022). 

Two clinical field trial studies have shown that DTD and PTSD 
frequently co-occur and share several child psychiatric comorbidities 
(Ford et al., 2021; van der Kolk et al., 2019). Although DTD’s unique 
association with externalizing disorders was consistent across both field 
trial studies, the specific internalizing disorders associated with DTD 
and PTSD varied in the two studies. DTD was consistently associated 
with both internalizing and externalizing disorders, while PTSD was 
associated only with internalizing disorders (as expected based on its 
assignment as to the domain of internalizing disorders in the Hierar
chical Taxonomy of Psychopathology, HiTOP; Kotov et al., 2017). 

Network analysis offers an empirical approach to further the un
derstanding of these comorbidity patterns that may be helpful for 
treatment planning. Network analytical studies have demonstrated 
patterns of interrelations between PTSD symptoms and a wide range of 
mental and behavioral health disorders in adults (Birkeland et al., 
2020), including problematic alcohol use (McGlinchey et al., 2022), 
somatization (Astill Wright et al., 2021), eating disorders (Liebman 
et al., 2021), emotion dysregulation (Gilbar, 2020; Greene et al., 2020; 
Weiss et al., 2020) depression (Levi-Belz et al., 2020), sexual dysfunc
tion (Kratzer et al., 2022), and dissociative experiences (Cramer et al., 
2020). Several studies have reported network analyses of PTSD and 
complex PTSD symptoms with adults (Karatzias et al., 2020; Knefel 
et al., 2019; Knefel et al., 2020; McElroy et al., 2019), however, network 
analysis has been used less often with children, including studies 
investigating relations among different types of traumatic stressors and 
adversities (Hodgdon et al., 2019), between PTSD and depression 
symptoms with trauma-related cognitions (Haan et al., 2020), and be
tween complex PTSD, dissociation, depression, and emotion regulation 
(Haselgruber et al., 2021). No study examining the network relations of 
childhood psychopathology has as yet included DTD. 

In order to address this gap, we implemented a multivariate network 
perspective that considers all associations between disorders at once and 
facilitates a holistical view on posttraumatic psychopathology including 
DTD as well as PTSD. We estimated comorbidity networks of childhood 
psychiatric conditions including DTD and PTSD and their primary 
symptom domains as well as cardinal symptoms to display all comorbid 
associations of any two conditions in the network, incorporating 
possible confounding influence of other conditions. We aimed to (1) 
identify differential comorbid associations of DTD and PTSD in the co
morbidity network, (2) inspect the clustering of disorders within the 
network, (3) describe the connectedness of conditions, including the 

identification of central conditions and conditions that connect different 
clusters, and (4) investigate the role of DTD and PTSD dimensions and 
cardinal symptoms within the comorbidity network. Regarding aim (1), 
we hypothesized that DTD and PTSD would show differential associa
tions with other conditions in the comorbidity network, with stronger 
associations of PTSD with internalizing conditions and DTD with 
externalizing conditions. Regarding aim (2), we hypothesized that the 
clustering of conditions would resemble the HiTOP model (Kotov et al., 
2017). 

2. Material and methods 

2.1. Participants and procedure 

A convenience sample of families of 507 children and adolescents in 
the age range of 7–18 years (M = 12.11, SD = 2.92), comprising 246 
female and 261 male participants was recruited by referrals from mental 
health, social, work and pediatric practitioners and agencies in 8 sites 
located in four geographical regions in the United States (Northeast, 
Mid-Atlantic, South, and Midwest). All parents or guardians whose child 
was in that age range and was receiving mental health or primary care 
pediatric services were invited to participate with no other inclusion/ 
exclusion criteria. The parent/caregiver provided consent and the child 
also provided assent. No compensation was provided for participation. 
Most participating children/adolescents were either in outpatient psy
chiatric (N = 347, 68.5%) or residential mental health (N = 113, 22.5%) 
treatment, with 9% (N = 47) receiving non-mental health pediatric 
services. Recruitment was done by providing staff in a variety of both 
private and public mental health and pediatric programs with oral and 
written descriptions of the study and asking them to invite parent/ 
guardians of their child and adolescent clients/patients to participate. 
The families served by these programs represented the full range of 
socioeconomic status levels and racial and ethnic sub-groups consistent 
with each site. Participants’ ethnic/racial backgrounds were as follows: 
256 (50.5%) White, 101 (19.9%) Black or African American, 65 (12.8%) 
Hispanic, 11 (2.2%) Asian, 49 (9.7%) Biracial, and 13 (2.6%) reported 
their race as another race that was unspecified. The study was approved 
by the University of Connecticut Health Center Institutional Review 
Board, #IE-10–275–1. 

Interviewers (N = 25 Masters or Doctoral level mental health pro
fessionals or trainees) viewed simulated interviews conducted by expert 
assessors, then independently rated videotaped interviews until they 
achieved > 80% agreement on trauma history, PTSD and DTD symp
toms, and psychiatric screening variables with expert ratings. They then 
conducted videotaped role-play interviews with > 90% agreement with 
an independent expert’s review required. Interviewers subsequently had 
their first two study interview tapes reviewed by an independent expert 
with > 80% agreement on the primary interview variables required 
before conducting further interviews. 

Interviews were conducted with 245 parent-child dyads, 238 parents 
alone, and alone with 24 adolescents. For children who had experienced 
abuse, only non-offending parents were participants. When children 
were interviewed with a parent, the child version of the interview (TESI, 
DTD, K-SADS) was used and parents were asked whether they agreed 
with the child’s response or if they had a different answer than their 
child. Present (past 30 days) symptoms were used for both DTD and 
PTSD. Symptoms were considered to be present and traumatic events 
were considered to have occurred if endorsed by either the parent or 
child (or both). 

Interviewers (N = 25) were trained and supervised by study in
vestigators and had their first two study interview tapes reviewed by an 
independent expert with > 80% agreement on the primary interview 
variables required before conducting further interviews. The expert re
viewers were Masters and PhD-level psychologists who were trained, 
calibrated, and supervised on conducting the DTD interview, the TESI, 
and the K-SADS PTSD module by the study’s Assessment Supervisor. 

M. Knefel et al.                                                                                                                                                                                                                                  
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Approximately every fifth interview conducted by across all in
terviewers was independently rated, including 73 interviews with a 
parent or adult guardian and 36 with a child with or without an adult. 

2.2. Measures 

Developmental Trauma Disorder Semi-Structured Interview (DTD-SI). 
The 15 DTD-SI items were designed by a work group from the National 
Child Traumatic Stress Network and were scored as dichotomous vari
ables (symptom present = 1 versus absent = 0). The DTD-SI showed 
evidence of reliability and criterion, discriminant, and construct validity 
(Ford et al., 2018). In the current study DTD-SI version 10.6 was used, 
demonstrating good inter-rater agreement for all items (M = 93.0% for 
child interviews; 93.5% for parent/guardian interviews). DTD diagnoses 
were based on evidence from the validation studies (): 3 or more 
affect/somatic dysregulation symptoms, 2 or more attentional/beha
vioral dysregulation symptoms, 2 or more relational/self dysregulation 
symptoms, at least one form of impairment in family, school, and peer 
functioning. 

Kiddie Schedule for Affective Disorders and Schizophrenia, Present/ 
Lifetime Version (KSADS/PL). This semi-structured interview is a vali
dated (Jarbin et al., 2017) measure of DSM-IV child psychiatric disor
ders, with child and parent versions (Kaufman et al., 1997). The 15-item 
PTSD diagnostic module was used, and each item was scored as a 
dichotomous variable (symptom present = 1 versus absent = 0). PTSD 
diagnoses were based on DSM-IV criteria (i.e., 1 or more intrusive 
re-experiencing symptoms, 3 or more avoidance and numbing symp
toms, 2 or more hyperarousal symptoms, at least one form of impair
ment in family, school, and peer functioning). We identified 
internalizing and externalizing disorders and scored them as probable =
1 vs. absent = 0 conditions using KSADS screening questions. Inter-rater 
agreement for K-SADS PTSD items was 81–100% (M = 85.7% for child 
interviews, 89.4% for parent/guardian interviews). Inter-rater agree
ment for probable K-SADS diagnoses was M = 88.8% with child in
terviewees and 89.6% with parent/guardians. A 3-item internally 
consistent (α = .79) impairment index was calculated with K-SADS 
questions dichotomously scoring family, school, and peer functioning as 
impaired or functional: 95% (N = 258) of the sample were impaired in 1 
+ domain; 84% (N = 228) were impaired in all domains. 

Traumatic Experiences Screening Instrument (TESI). This semi- 
structured interview assesses lifetime history of non-interpersonal 
trauma (accidents, disaster, illness, loss, separation) and traumatic 
interpersonal victimization (maltreatment, caregiver impairment, wit
nessed or directly experienced family or community violence), which 
are converted to 10 composite trauma types that were scored as 
dichotomous variables (symptom present = 1 versus absent = 0). TESI 
items have retest reliability over a 2–4 month period (Kappa [K] 
=.50–.70) and criterion and predictive validity (Daviss, Mooney et al., 
2000; Daviss, Racusin et al., 2000). Inter-rater agreement for TESI 
trauma types was M = 97.7% for child interviews and 97.4% for 
parent/guardian interviews. 

2.3. Data analysis 

Data analysis was conducted using R. We estimated three network 
models: the first model comprised all twelve psychiatric conditions 
including DTD and PTSD; the second model included the three di
mensions of DTD (B: emotion or somatic dysregulation; C: attentional or 
behavioral dysregulation; D: relational or self-dysregulation), the three 
dimensions of PTSD (B: re-experiencing; C: avoidance and numbing; D: 
increased arousal), and the ten remaining psychiatric conditions. The 
third model was estimated on symptom level and included cardinal 
symptoms of the three DTD dimensions, cardinal symptoms of the three 
PTSD dimensions, and one symptom each representing externalizing, 
internalizing, and attachment related psychopathology. On disorder 
level, we used the number of symptoms the participants reported for 

each disorder as input variables. On symptom level, we selected symp
toms was based on theoretical and empirical considerations, i.e., we 
included three DTD symptoms showed with highest factor loadings for 
their respective dimension in a previous study (Ford et al., 2022), the 
three PTSD symptoms that are considered to best represent the core of 
the respective PTSD dimensions (Brewin et al., 2009), and we used the 
screening items for depression, oppositional-defiant disorder, and sep
aration anxiety disorder for comorbid psychopathology. In the visuali
zation of models, variables are depicted as circles (“nodes”) and the 
connections between nodes as lines (“edges”). The thickness of edges 
indicates the strength of association and the color and line type the as
sociation sign (negative: red, dashed; positive: green, solid). We used the 
cor_auto function of the qgraph package to select the optimal correlation 
method (Pearson correlations for PTSD and DTD data and polychoric 
correlations for all other variables). We did not use any transformation, 
because previous research has shown that for ordered categorical data 
(all variables except for DTD and PTSD) there was hardly a difference 
between using a transformation or not (Isvoranu & Epskamp, 2021). To 
control for the possibility of false positive associations, and as recom
mended by simulation studies if the research question is mainly to 
discover a structure that resembles a true network and to discover the 
strongest edges (Isvoranu & Epskamp, 2021), we used glasso regulari
zation and a tuning parameter gamma set to.5 (Foygel & Drton, 2010), 
thereby setting small edges, which are likely due to noise, exactly to zero 
and regularizing the network (Epskamp & Fried, 2018). The maximum 
edge value was set to the strongest edge identified in the network (model 
1:.69; model 2:.48) and the minimum edge value was set to.03 to 
enhance interpretability as fading rule. The first and the second network 
models were estimated using qgraph and mgm packages in R (Epskamp 
et al., 2012; Haslbeck & Waldorp, 2020). For the third model, we esti
mated an Ising model, as symptom data were binary (van Borkulo et al., 
2014). 

Next, we used exploratory graph analysis (Golino & Epskamp, 2017) 
to detect communities of nodes in the network. Using the walktrap al
gorithm as implemented in the EGAnet package with 10,000 
non-parametric bootstrap iterations (Golino et al., 2020), we identified 
clusters of nodes that are highly connected with one another, but only 
modestly connected to nodes from other clusters. The replication across 
bootstrap iterations is an estimation of the stability of the result. 

We used four parameters to describe the connectedness of each node 
in the networks: predictability, two centrality indices (node strength and 
expected influence), and bridge expected influence. Predictability is a 
characterization of psychopathology networks that gives an absolute 
measure of the controllability of each node. It is defined as the pro
portion of explained variance of a node by all other nodes. It thus 
quantifies how well a given node can be predicted by all other nodes it is 
connected to in the network (Haslbeck & Waldorp, 2018). We estimated 
the overall predictability of the nodes in the network as well as the 
predictability of each node and used the percentage of correct classifi
cation as measure of predictability in the third model. We used strength 
centrality to analyse the direct connections of nodes (Epskamp et al., 
2018; Fried et al., 2018). Reflecting the sum of all absolute edge weights 
a node is directly connected to, strength centrality quantifies the con
nectivity of a node to all other nodes in the network. To take the po
tential importance of negative edges in psychopathology networks into 
account, we also estimated expected influence as an additional cen
trality metric. We further aimed to assess bridge centrality (Jones et al., 
2021). Here, bridge nodes reflect conditions that show high connection 
to conditions from other communities in the network, as identified with 
the exploratory graph analysis. Bridge expected influence (1-step) was 
chosen as outcome parameter as recommended when negative edges are 
present. Bridge expected influence (1-step) is defined as the sum of the 
weights of all edges between each node with all other nodes from 
different communities. 

We conducted the stability/accuracy routine described in the 
network literature (Epskamp et al., 2018) using the bootnet package in R 
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(Epskamp, 2015). This included the estimation of non-parametric 
bootstrap 95%-confidence intervals for edges based on 2000 bootstrap 
samples, the estimation of correlation stability coefficients (CS-coeffi
cients), and a bootstrap difference test to compare edge-weights and 
node centrality metrics between all pairs of edges and nodes. 
CS-coefficients should not be below.25. We further used the boot
strapped results to compare edge weights directly. Finally, we tested 
whether differential variability distorts our conclusions about centrality 
metrics and correlated the standard deviation of the nodes with strength 
and expected influence (Terluin et al., 2016). 

3. Results 

3.1. Prevalence and comorbidity 

Approximately one third of the participants met criteria for DTD (n 
= 161, 31.8%) and for PTSD (n = 176, 34.7%). Almost half of the sample 
met the criteria for either DTD or PTSD (n = 248, 48.9%). Of those, most 
participants met the criteria for only one of the two disorders (n = 158, 
31.2%) and n = 72 (14.2%) met the criteria for DTD only, n = 86 
(17.0%) met the criteria for PTSD only, and n = 90 (17.8%) met the 
criteria for both. DTD and PTSD diagnoses were significantly associated 
with each other (χ2(1)= 45.4, p < .001). 

Participants screened positive, on average, for more than three 
conditions other than PTSD and DTD (M=3.62, SD =2.54; mode=3, 
range=0–10). The prevalence rates for a positive screening result were: 
depression (DEP; n = 299, 59.0%), attention-deficit/hyperactivity dis
order (ADHD; n = 283, 55.8%), generalized anxiety disorder (GAD; n =
270, 53.3%), oppositional-defiant disorder (ODD; n = 249, 49.1%), 
separation anxiety disorder (SEP; n = 216, 42.6%), conduct disorder 
(CD; n = 137, 27.0%), phobia (PHO; n = 113, 22.3%), mania (MAN; n =
84, 16.6%), psychosis (PSY; n = 63, 12.4%), and panic disorder (PAN; n 
= 51, 10.1%). The most frequent comorbid conditions for DTD were 
depression (n = 108, 21.3%), ADHD (n = 100, 19.7%), and GAD (n = 94, 
18.5%). The most frequent comorbid conditions for PTSD were DEP (n 
= 122, 24.1%), GAD (n = 109, 21.5%), and ADHD (n = 104, 20.5%). 

3.2. Network analysis 

Fig. 1 shows the network model including the twelve conditions 
(descriptive statistics and the correlation matrix can be obtained from 

Table S1). Out of 66 possible connections in the network, 46 (69.7%) 
were estimated to be non-zero. Most edges were positive, and the 
strongest connections were estimated between CD and ODD (.40), 
ADHD and ODD (.39), and PSY and PAN (.37). DTD and PTSD showed a 
positive connection (.20) and were differentially connected to other 
disorders. Specifically, DTD was strongly connected to ODD (0.22) and 
this connection was significantly larger than the connection between 
PTSD and ODD (Fig. S1). 

Fig. 2 shows the network model including the three dimensions of 
DTD, the three dimensions of PTSD, and the ten remaining psychiatric 
conditions (descriptive statistics and the correlation matrix can be ob
tained from Table S2). In this model, 72 (60.0%) out of 120 possible 
edges were estimated to be non-zero. Again, most of the edges were 
positive and the strongest connections were estimated between PTSD B 
and PTSD D (.49), DTD C and DTD D (.44), and PTSD B and PTSD C (.40). 
The three dimensions of DTD had strong interconnections with each 
other, as had the three dimensions of PTSD. Again, the dimensions of 
DTD and PTSD were connected with each other, but these connections 
were very small: Six of the nine possible connections were estimated to 
be non-zero and these six connections were weak (the strongest edge 
was DTD B-PTSD C:.06). The dimensions of DTD were also differentially 
connected to other disorders: DTD D was significantly stronger con
nected to SEP than DTD B. DTD B and DTD C were stronger connected to 
ODD than DTD D, however, these edges were not significantly different. 
The PTSD dimensions also showed different patterns of connectivity to 
other disorders: PTSD C was significantly stronger connected to DEP 
than PTSD D (Fig. S2). 

Fig. 3 shows the network model including the three cardinal symp
toms of DTD, the three cardinal symptoms of PTSD, and three symptoms 
of the most relevant comorbid disorders (descriptive statistics and the 
correlation matrix can be obtained from Table S3). Out of 36 possible 
connections in the network, 19 (52.8%) were estimated to be non-zero. 
All edges were positive, and the strongest connections were estimated 
between the PTSD symptoms “re-experiencing” and “avoidance” (2.21) 
and, the DTD symptoms “impaired self-protection” and “reactive verbal 
or physical aggression” (1.82), and the DTD symptom “reactive verbal or 
physical aggression” and the ODD screening symptom (1.31). DTD was 
connected to PTSD only via the DTD symptom “emotion dysregulation”. 
The ODD and DEP screening symptoms were strongly connected to DTD 
symptoms and the SEP screening symptom was strongly connected to 
the PTSD symptoms (Fig. S3). 

Fig. 1. Network model 1 and centrality analysis of DTD, PTSD, and other Childhood Psychiatric Disorders. Colors represent the result from the community detection 
algorithm. ADHD=Attention deficit hyperactivity disorder, CD=Conduct disorder, DEP=Depression, DTD=Developmental trauma disorder, GAD=Generalized 
anxiety disorder, MAN=Mania, ODD=Oppositional-defiant disorder, PAN=Panic disorder, PSY=Psychosis, PHO=Phobia, PTSD=Posttraumatic stress disorder, 
SEP=Separation anxiety disorder;. 
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Stability and accuracy of the networks were adequate. Many of the 
95%-CIs around the edge-weights did not include zero and the largest 
edge-weights were significantly stronger than many other edge-weights 
(see Figs. S4-S6). Centrality metrics showed CS-coefficients that were 
partly above and partly below the recommended threshold of.25 for 
model 1, model 2, and model 3: strength - CS-coefficients = .28,.28,.05; 
expected influence - CS-coefficients = .44,.59,.05; bridge expected in
fluence - CS-coefficients = .13,.59,.28; respectively. Bridge expected 
influence in model 1 and both strength and expected influence in model 
3 should thus not be interpreted due to too low accuracy. Based on the 
centrality measures difference test, expected influence provides a more 
informative measure of differences in centrality between single nodes 
than strength in models 1 and 2 (Figs. S7-S9). Finally, centrality esti
mates of the full sample correlated highly with those obtained from 
bootstrapped subsamples including progressively fewer participants 

(Fig. S10). 
The exploratory graph analysis identified three communities in 

80.7% of the 10,000 bootstrap iterations in model 1. The communities 
are displayed in Fig. 1; community 1 included DTD, PTSD, DEP, GAD, 
SEP, and PHO; community 2 included PAN, PSY, and MAN; and com
munity 3 included ODD, CD, and ADHD. In model 2, a four and a five- 
community solution were identified as best fitting in 54.9% and 
41.3% of the iterations, respectively. The four-community solution was 
identified more frequently and is displayed in Fig. 2. Community 1 
included DEP, GAD, SEP, PHO, PAN, PSY, and MAN; community 2 
included PTSD B, PTSD C, and PTSD D; community 3 included DTD B, 
DTD C, and DTD D; and community 4 included ODD, CD, and ADHD. In 
model 3, 97.7% of the bootstraps identified a two-community solution 
(Fig. 3). Community 1 included all PTSD symptoms and community 2 
included all other symptoms of the model. 

Fig. 2. Network model 2 and centrality analysis of DTD dimensions, PTSD dimensions, and other Childhood Psychiatric Disorders. Colors represent the result from 
the community detection algorithm. ADHD=Attention deficit hyperactivity disorder, CD=Conduct disorder, DEP=Depression, DTD B/C/D=Developmental trauma 
disorder criterion B/C/D, GAD=Generalized anxiety disorder, MAN=Mania, ODD=Oppositional-defiant disorder, PAN=Panic disorder, PSY=Psychosis, PHO=
Phobia, PTSD B/C/D=Posttraumatic stress disorder criterion B/C/D, SEP=Separation anxiety disorder;. 

Fig. 3. Network model 3 and centrality analysis of cardinal DTD and PTSD symptoms with internalizing, externalizing, and attachment psychopathology. Colors 
represent the result from the community detection algorithm. DEP=Depression, DTDb1 =Emotion dysregulation, DTDc2 =Impaired self-protection, 
DTDd4 =Reactive verbal or physical aggression, ODD=Oppositional-defiant disorder, PTSDb1 =Intrusive memories, PTSDc1 =Avoidance, PTSDd4 =Hypervigi
lance, SEP=Separation anxiety disorder;. 
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Mean predictability was.31 and.42 for nodes in the networks in 
model 1 and 2, respectively, indicating that, on average, neighboring 
nodes could explain 31% and 42% of the variation of each node. Mean 
percentage of correct classification in model 3 was 77.4%. The single 
node with the highest predictability was DTD in model 1 (.50), PTSD B, 
PTSD D (.70 for both nodes) in model 2, and for model 3, the node with 
the highest percentage of correct classification was the DTD symptom 
“impaired self-protection” (.91). The most central nodes in terms of 
expected influence were GAD, ODD, and DTD in model 1, PTSD D, GAD, 
and ODD in model 2, and the DTD symptoms “emotion dysregulation” 
and “reactive verbal or physical aggression” and the PTSD symptom 
“avoidance” in model 3. The correlation between the standard deviation 
of the nodes and expected influence was.04 in model 1,.29 in model 2, 
and.38 in model 3, all non-significant. The results for strength were 
similar. The node within each of the three communities in model 1 with 
the highest bridge expected influence was GAD in community 1, MAN in 
community 2, and ODD in community 3. The node within each of the 
four communities in model 2 with the highest bridge expected influence 
was DEP in community 1, PTSD D in community 2, DTD B in community 
3, and ODD in community 4. However, the bridge expected influence 
values were similar for all nodes in community 3 and in community 4. In 
contrast, in community 2, PTSD D was clearly the most bridge-central 
node as was DEP within community 1. The node within each of the 
two communities in model 3 with the highest bridge expected influence 
was the PTSD symptom “hypervigilance” in community 1 and the DTD 
symptom “emotion dysregulation” in community 2. The raw scores of all 
centrality metrics are reported in Tables S4-S6. 

4. Discussion 

Our study findings show that DTD and PTSD share both common and 
differential comorbidity features. DTD and PTSD were present in a 
similar number of participants, however, the majority presented with 
either DTD or PTSD and only a smaller number with both. Comorbidity 
with other psychiatric conditions was similar for DTD and PTSD with the 
highest comorbidity rates for depression, GAD, and ADHD. However, the 
network structure of DTD, PTSD, and other childhood psychiatric con
ditions uncovered a more complex map of interactions between disor
ders with some specific characteristics for DTD and PTSD, confirming 
our first hypothesis. 

In the first model, including DTD and PTSD on disorder-level, we 
identified a connection between DTD and ODD that we did not observe 
for PTSD. Previous research similarly found that ODD is more frequently 
co-occurring with DTD than with PTSD (van der Kolk et al., 2019). DTD 
comprises a pattern of dysregulation in behavioral, emotional, and 
relational domains that, parallel the prominent symptoms of ODD. 
Indeed, ODD has been conceptualized as an emotion regulation disorder 
(Cavanagh et al., 2017), placing it closer to DTD than to PTSD. Addi
tionally, ODD comprises typical problematic behaviors that may be 
similar to behavioral dysregulation in DTD. While DTD is characterized 
by dysregulation in several dimensions, PTSD is tied closer to the trau
matic experience. PTSD symptoms, especially symptoms of 
re-experiencing and avoidance, have a direct phenomenological 
connection to the traumatic content. DTD might capture posttraumatic 
psychopathology that is related to problems in basic psychological 
competencies such as disturbances in regulating emotions, attention, 
and the relation to oneself and others that are consequences of impair
ment in developmental processes. Carrion, Weems, Ray, and Reiss 
(2002) found that PTSD symptom clusters may not be ideal to describe 
children’s mental health problems and that sub-threshold PTSD is 
associated with the same functional impairment and distress as a 
full-blown PTSD diagnosis. Similarly, the ICD-11 criteria for PTSD, 
which specifically focus on so-called core symptoms of PTSD that are 
supposed to represent phenomena closer to the traumatic experience 
such as flashbacks or hypervigilance, may be too restrictive for children 
(Sachser & Goldbeck, 2016). DTD captures externalizing symptoms and 

regulation deficits that are not a feature of PTSD but may represent 
posttraumatic psychopathology. 

In adults, the ICD-11 diagnosis Complex PTSD (World Health Orga
nization, 2019) comprises symptoms of PTSD in three dimensions 
(re-experiencing, avoidance, ongoing sense of threat) plus symptoms of 
disturbances in self-organization (DSO) in three dimensions (affective 
dysregulation, negative self-concept, disturbances in relationships). 
DTD might be similarly related to PTSD in children as ICD-11 DSO is 
related to PTSD in adults. The community detection analysis placed DTD 
and PTSD in a group with other internalizing fear- and distress-related 
conditions (Kotov et al., 2017), supporting the similarities of these dis
orders in aetiology, phenomenology, pathophysiology, and response to 
treatment (Conway et al., 2019). The two other communities represent 
externalizing conditions and another group including psychosis, bipolar 
disorder, and panic disorder. While the former share clinical features 
and risk factors (Arango et al., 2014) and can be subsumed under the 
umbrella term of thought disorders (Kotov et al., 2017), panic disorder is 
considered an internalizing, fear-related disorder. However, epidemio
logical research found that co-occurrence of panic disorder and bipolar 
disorder is associated with higher risk for psychosis in children and 
adolescents (Birmaher et al., 2002). Altogether, the clustering of child 
psychiatric disorders including DTD and PTSD mostly resembled the 
HiTOP model (Kotov et al., 2017), partly supporting our second 
hypothesis. 

In a next step, we investigated the centrality of conditions in the 
comorbidity network. GAD and ODD were most central in model 1, 
indicating that these disorders showed the strongest average connec
tions to the other conditions in the model. DTD was the disorder with the 
highest predictability: neighboring conditions including GAD and ODD 
explained 50% of the variability of DTD. Whether these conditions 
causally influence others or, in turn, are the causal result of others 
cannot be discerned from our cross-sectional analysis. Longitudinal 
research among adolescent earthquake survivors found that GAD was 
both predictor and consequence of PTSD at a previous measurement 
point (Geng et al., 2019). Similarly, in a sample of adolescents from the 
general population, rates of incident anxiety disorders were significantly 
associated with chronic PTSD (Perkonigg et al., 2005). A study investi
gating burn-injured children with PTSD found that they were more 
likely to develop ODD at a later measurement point compared to those 
without PTSD (Young et al., 2012). While these results stem from sam
ples with type 1 traumatic experiences and might not be generalizable to 
children with experiences of maltreatment, we suppose that a mutual 
causal interaction between disorders is the most probable explanation. 

Splitting DTD and PTSD into their respective three dimensions to 
investigate differential connections to other conditions yielded impor
tant insights. While DTD is strongly connected to ODD on a disorder- 
level, DTD D - relational- or self-dysregulation is not. DTD D again 
showed a strong connection to separation anxiety. PTSD C - avoidance 
and numbing is strongly connected to depression. All of these differen
tial connections appear plausible; ODD in DSM-IV is characterized by 
problematic behaviors and the DTD dimensions B - emotion or somatic 
dysregulation and C - attentional or behavioral dysregulation measure 
related constructs, while DTD D focuses on intra- and interpersonal 
relational aspects, placing it closer to separation anxiety. Some of the 
PTSD C numbing symptoms are almost interchangeable with symptoms 
of depression, explaining their association. Although the dimensions of 
both DTD and PTSD show different connections to other conditions, they 
formed clear respective clusters in the community analysis. The DTD 
dimension with the largest bridge centrality was DTD B and the PTSD 
dimension with the largest bridge centrality was PTSD D. These di
mensions had the strongest connections to other disorder-communities 
and are thus important to understand comorbidity. Taken together, 
these differential comorbidity patterns of the DTD and PTSD dimensions 
further facilitate the understanding of DTD as disorder in between 
externalizing and internalizing psychopathology and PTSD as primarily 
internalizing disorder. 
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Psychopathological phenomena will likely not interact on a disorder- 
level, but rather on a symptom-level. The network approach to psy
chopathology defines psychiatric disorders as sets of mutually inter
acting symptoms, within and across the boundaries of diagnoses 
(Borsboom, 2017). Thus, in model 3, we used cardinal symptoms of DTD 
and PTSD and screening symptoms of three important comorbid disor
ders to identify patterns of connections on symptom-level. As expected, 
the three PTSD symptoms were all closely connected, as were the DTD 
symptoms. Interestingly, however, the DTD symptoms “emotion dysre
gulation” and “impaired self-protection” were connected only indirectly, 
via the DTD symptom “reactive verbal or physical aggression”, while the 
respective symptom dimensions in model 2, affective/somatic dysre
gulation and cognitive/behavioral dysregulation, showed a direct 
connection. This result shows the need for further studies investigating 
the properties of DTD on all levels, including the symptom-level. The 
symptom most relevant for connecting PTSD with DTD was “emotion 
dysregulation”, which is similar to the finding that problems with 
regulating emotions was also the symptom with the strongest connec
tion between ICD-11 PTSD and DSO symptoms in adults (Knefel et al., 
2019). Again, the DTD symptoms were closer connected to and clustered 
together with other internalizing and externalizing symptoms, further 
supporting the notion of DTD as disorder in between externalizing and 
internalizing psychopathology. 

Our study had a number of limitations. The cross-sectional nature of 
the data does not allow for causal inference and we cannot infer the 
causal direction of associations over time. Psychiatric conditions were 
identified by screening but not by full diagnostic interviews. The 
assessment of PTSD used the diagnostic definition of DSM-IV, while 
PTSD in DSM-5 has undergone refinement and might be associated with 
divergent results. While studying co-occurrence of psychiatric disorders 
on disorder-level is the standard approach to comorbidity, a symptom- 
level approach including all relevant symptoms might be even more 
fruitful. However, symptom-level analyses with all symptoms from all 
disorders require large sample sizes, and the current study was not 
powered for such an analysis. Our analyses were based on data from a 
help-seeking convenience sample and results may thus not generalize to 
community samples, although a sub-group of children was included who 
were not in mental health treatment but were receiving pediatric pri
mary care. Although the sample included a sizeable sub-group of chil
dren of ethnoracial minority backgrorunds and from a range of 
geographic areas in the United States, replication is needed with samples 
in other (especially low and middle income) countries and other cultures 
in order determine if DTD’s relationship to PTSD and other psychiatric 
disorders is generalizable beyond the United States. Finally, future 
research should include subsample with smaller age ranges, as age- 
specific symptom presentations might have been lost in the age range 
of the present sample. 

In conclusion, our study provides evidence for the complex clinical 
presentation of posttraumatic psychopathology over and above PTSD in 
children and adolescents. DTD and PTSD provide useful and distinct 
diagnostic categories for children who are also experiencing internal
izing conditions, and DTD may be especially relevant for children who 
are experiencing externalizing psychopathology. The relation of DTD to 
ICD-11 DSO symptoms should be subject to further investigations, with 
the potential that DTD serves as a developmentally sensitive definition 
of DSO for ICD-11 Complex PTSD in children and adolescents. 
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