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Abstract

Previous studies conducted with youth experiencing natural disaster trauma have shown that post-
traumatic stress disorder, anxiety, and mood symptoms can follow a complex course; the varying
associations between clusters of internalization symptoms may change over time or in a context-
specific manner. However, the paucity of studies evaluating relevant symptoms to distinguish between
immigrant and local youth necessitates eliminating uncertainty. This study aims to comparatively
examine the internalization symptom networks related to natural disaster trauma among Syrian refugee
youths with a heavier traumatic burden and Turkish host community youths residing within the same
earthquake-affected region. This network analysis study was conducted with a community sample of
3,071 youths aged 14 to 22 years (Turkish: n = 1,845; Syrian: n = 1,226), approximately 1.5 to 2 years after
the disaster. The Network Comparison Test (NCT) indicated that the two groups differed in overall
network structure. Global strength was significantly greater in the Syrian network, indicating a more
densely interconnected symptom network. The Turkish sample showed a strong association between
trauma and PTSD symptoms, with mood symptoms such as loneliness, depression, or affective PTSD
symptoms being more prominent bridges. In the Syrian sample, a strong association was observed
between trauma and symptoms of social anxiety, with the prominent bridge role of depression and
anxiety symptom clusters like hyperarousal, social anxiety, and panic/somatic. While trauma is
organized in a more typical pattern of PTSD symptoms among Turkish, it is organized in a more complex
structure involving a broader network of anxiety symptoms among Syrian.

Introduction

Since the Syrian civil war began in 2011, more than 13 million Syrians have been forced to leave their
homes. Turkey now hosts the largest number of Syrian refugees, with over 3.5 million people (1, 2).
Children and adolescents, who make up approximately half of this population, have been exposed to
multi-layered stressors such as pre-migration violence, hazardous migration conditions, and post-
migration challenges, including language barriers, discrimination, and economic hardships (1, 3, 4).
Traumatic events experienced before and during the war include witnessing bombings and explosions,
the death of a loved one, physical injury, sexual violence, and torture (1, 5, 6). Throughout the migration
process, these children and adolescents face additional stressors, including dangerous border
crossings, separation from family members, and uncertainty (7, 8). In the post-migration period, post-
migration stressors such as language barriers, economic hardships, discrimination, social isolation, and
difficulties integrating into the education system exert constant pressure on mental health (9, 10).
Particularly in the Turkish context, Syrian refugee youths' interactions with the host community, cultural
adaptation processes, and identity conflicts significantly influence mental health outcomes (11, 12).

The Kahramanmaras earthquakes that occurred on February 6, 2023 (two devastating earthquakes that
struck nine hours apart) in southeastern Turkey claimed the lives of approximately 54,000 people, injured
approximately 110,000 people, destroyed or severely damaged approximately 300,000 buildings or
homes, and affected over 14 million people. This disaster struck the provinces of Hatay,
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Kahramanmaras, Adiyaman, and Adana most severely (13). Studies conducted after the 2023
Kahramanmaras earthquakes reported elevated post-traumatic stress, depressive, and anxiety
symptoms among Turkish youths in the affected regions of southeastern Turkey (14, 15, 16, 17). Turkish
youth samples showed probable post-traumatic stress disorder rates of 33.2% and 39.8%. Adolescents
referred to psychiatric services during the immediate aftermath of the earthquakes also showed
pronounced acute stress reactions (15, 17). Studies show that sleep problems and anxiety often predict
more severe PTSD, while support from family can help protect against it (14, 18). Studies also reported
enhanced depressive and anxiety symptoms, but most assessed symptom severity rather than the
prevalence of clinically diagnosed depressive and anxiety disorders (14, 15, 17).

The 2023 Kahramanmaras earthquakes have added a new dimension to the pattern of cumulative
trauma for Syrian youths. For the approximately 1.7 million Syrian refugees residing in these affected
provinces, the disaster has further exacerbated the existing trauma burden (13, 19). In their study
involving 1,413 Syrian disaster survivors, Ataya and colleagues (19) found that the prevalence of major
depressive disorder rose from 56% to 66.1% following the earthquake, and that sleep problems
increased significantly. In another study with a clinical sample of 72 earthquake-exposed Syrian refugee
children and adolescents aged 2—-17 years, 34.7% were diagnosed with post-traumatic stress disorder
(20). Thus, the earthquake experience, added to pre-migration war trauma, the dangers of the migration
process, and post-migration daily life challenges, creates a three-layered cumulative trauma profile for
Syrian adolescents (14, 21).

Cumulative trauma exposure refers to the combined impact of multiple traumatic experiences that
refugee adolescents often face (22). Polyvictimization means being exposed to different types of trauma
over a lifetime, which leads to more severe and long-lasting mental health problems than experiencing
just one traumatic event (6, 22). Studies show that as the number of traumatic events increases, so does
the severity of post-traumatic stress disorder (PTSD) and other mental health symptoms (23, 24). Yektas
and colleagues (22) found that the number of traumatic experiences strongly predicts PTSD, especially
when adolescents witness explosions or are exposed to sexual violence. Hinchey et al. (7) also found
that, among Syrian and Iraqi youth resettled in the U.S., trauma from assault and having a mother with
low social status led to more severe PTSD over time. These results suggest that experiencing more
trauma not only raises the chances of developing PTSD but also makes symptoms worse and more likely
to last (8, 25). Still, there is not enough research on how cultural and contextual factors affect trauma
responses or how trauma patterns differ between groups (26, 27).

Cultural differences between refugees and host communities strongly influence how trauma is
experienced, how people respond after trauma, and the ways they cope (26). Choe et al. (27) found that
Afghan, Iraqi, and Great Lakes African refugees express trauma and distress in ways that are very
different from Western psychiatric ideas. Moses and Holmes (28) showed that refugees from different
backgrounds have different views of mental illness. These cultural differences affect not just how
symptoms appear, but also how people seek help, what treatments they prefer, and how effective those
treatments are (29, 30).
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In addition to the findings of studies conducted in Turkey regarding the 2023 Kahramanmaras
earthquakes, the results of studies conducted with Syrian refugee adolescents in various parts of the
world show that rates of post-traumatic stress disorder (PTSD) range from 12% to 49%. This wide range
is mostly due to differences in how much trauma they have experienced (1, 2). In this group, PTSD often
appears alongside depression, anxiety, and behavioral problems. If not treated, PTSD can become long-
lasting and seriously affect a young person's development and social life (31). These complex clinical
patterns show that traditional ways of diagnosing PTSD, which treat symptoms as signs of a single
hidden problem, do not fully explain the differences in symptoms and individual experiences (32, 33).

Because of the limitations of traditional approaches, researchers have turned to network theory, which
views psychiatric disorders as systems in which symptoms interact and influence one another (34, 35,
36). In this view, symptoms are active parts of the system, not just signs of an underlying problem. This
method helps identify which symptoms are central and which act as bridges between different
syndromes (35, 36). For instance, nightmares can lead to sleep problems, which may then cause
concentration issues, and these hyperarousal symptoms can result in avoidance behaviors. Network
analysis helps prioritize which symptoms to target in treatment by showing which are most important for
maintaining system function and which connect different syndromes (37, 38). Longitudinal network
analysis shows how symptoms affect one another over time, which helps support stronger causal
claims (39). Network models can also show how context sustains mental health problems by including
environmental factors such as post-migration challenges, daily stress, and cultural context as part of the
system (40).

Syrian youths have faced war, migration, and earthquakes, while Turkish youths have experienced
earthquakes and possibly other traumas. Both groups have been exposed to multiple traumatic events,
but the type, length, and context of these traumas are different. It is still not clear how these differences
affect the links between trauma and internalization symptoms (41). This study aims to compare
earthquake trauma and internalization symptom networks in Syrian refugee and Turkish host youths
living in areas affected by the 2023 Kahramanmarags earthquakes. This study notes the traumatic
burdens and histories of traumatic experiences among local Turkish youth and Syrian refugee youth. It
aims to network comparison of them in terms of clusters of symptoms such as post-traumatic stress
(intrusion, avoidance, hyperarousal), anxiety (generalized anxiety, social anxiety, panic/somatic,
separation anxiety, school avoidance), and mood symptom clusters such as depression, loneliness, and
life satisfaction. The main hypotheses of our study are: (1) Syrian refugee youths will have more
connected internalization symptom networks than Turkish host youths following the earthquakes. In
other words, cumulative trauma will make the networks denser and central symptoms stronger in Syrian
refugee youths. (2) We also expect to find differences in the clusters of internalization symptoms among
local Turkish and Syrian migrant youths following the earthquake, particularly in terms of central and
bridge nodes. The main aim of our study is to reveal the differences in symptoms between these groups.

Methods
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Study participants

The analytic sample consisted of 3,071 adolescents and emerging adults (49.8% female) (Turkish: n =
1,845; Syrian: n = 1,226) aged between 14 and 22 years (Turkish: M =19.29, SD = 2.11, range 14-22;
Syrian: M =18.12, SD = 2.43, range 14-22). The sample for our study consists of participants from the
provinces of Kahramanmaras, Hatay, and Mersin, which were affected by the Kahramanmaras
earthquakes (for detailed information, see Supplementary Table 1). An exploratory quantitative research
design guided the use of a cross-sectional sampling method to recruit youth. Participants were recruited
from community centers in collaboration with local NGOs, relying on convenience sampling. Participants
aged 14-22 who were literate in their native language and volunteered for the study were included in the
data collection. All participants provided informed consent, and parental consent was obtained for
participants under 18 years of age. The study protocol was approved by the [Anonymized Institution]
Ethics Committee. Data collection was conducted between August 2024 and April 2025. Participants
completed a battery of self-report questionnaires in their native language.

According to data from December 2024 released by the Turkish Statistical Institute (TUIK), Turkey’s
official statistics agency, the total population of Hatay Province is 1,562,185, while that of
Kahramanmaras Province is 1,134,105 (42). As of January 2025, 218,379 people in Hatay and 107,896
people in Kahramanmaras continue to live in containers. At the time of the study—approximately 1.5 to 2
years after the earthquakes—13.98% and 9.51% of the total populations in Hatay and Kahramanmaras,
respectively, were living in containers because their homes were destroyed or severely damaged during
the earthquakes (43). The current study included 3,071 young people. The number of youth from the
provinces of Kahramanmaras and Hatay who participated in our study is 2.918. 301 young people
(Turkish: n =231; Syrian: n = 70), or 10.31% of the participants from these provinces, were still living in
containers at the time of the study. Among youths from Mersin province, which was less affected by the
earthquake, no participants were found to be living in containers at the time of the study.

Questionnaires

Potentially Traumatic Events Checklist

The checklist for Potentially Traumatic Events (PTEs) was developed by the researchers according to
DSM-5 and ICD-11 criteria, with the study sample in mind. PTEs are assessed using a 24-item structured
PTE self-checklist. The PTE checklist follows the definitions of traumatic events in the DSM-5 and ICD-
11. It includes items assessing earthquakes (natural disaster), bullying, serious accidents, war, terrorism,
physical violence, sexual violence, and medical trauma. This checklist is dichotomous, with binary
answer options. Participants can indicate whether they have experienced the event by checking ‘yes’ or
‘no’. Internal consistency of the PTEs checklist was estimated using the tetrachoric correlation matrix to
account for its dichotomous items. Reliability was high in both samples (Turkish: ordinal a=0.91,
McDonald's w = 0.90; Syrian: ordinal a = 0.90, w = 0.90).
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The Children Revised Impact of Event Scale—13 (CRIES-13)

The CRIES-13 is a self-report measure used to screen for PTSD in children and adolescents. The CRIES-
13 (44) comprises 13 items across three dimensions: intrusion, avoidance, and hyperarousal.
Respondents rate the frequency with which they experienced each item using a 4-point Likert-type scale
ranging from 0 (not at all) to 5 (often). An adaptation study of the scale into Turkish was conducted by
Ceri et al. (45). In this study, the Cronbach's alpha was reported as 0.85. The Arabic version of the CRIES
(46) was used in Chaaya et al. (47)’s study and yielded McDonald’'s omega (w) coefficient of 0.92. In the
current study, Cronbach's alpha was calculated as 0.81 for the Turkish sample and 0.84 for the Syrian
sample.

UCLA Loneliness Scale —6 (ULS-6)

The ULS-6 is a 6-item self-report scale scored on a 4-point Likert scale (1 = Never to 4 = Often), with total
scores ranging from 6 to 24 (48). Increasing scores indicate higher perceived loneliness. The Arabic
version adapted by Alateeq et al. (49) demonstrated good internal consistency in this study (a =0.79). An
adaptation study of the scale into Turkish was conducted by Sarigam (50). In this study, Cronbach's
alpha scores were reported as 0.77. In the current study, Cronbach's alpha was calculated as 0.74 for the
Turkish sample and 0.87 for the Syrian sample.

Screen For Child Anxiety Related Disorders (SCARED)

The SCARED is a 41-item self-report scale that uses a 3-point Likert scale (0 = Not true, 1 = Sometimes
true, 2 = Very true or often true), and total scores range from 0 to 82 (51). A score of 25 or higher
suggests the presence of clinically relevant anxiety. The Arabic version adapted by Hariz et al. (52)
demonstrated good internal consistency in this study (a = 0.86). An adaptation study of the scale into
Turkish was conducted by Cakmakgi (53). In this study, Cronbach's alpha ranged from 0.74 to 0.93. In the
current study, Cronbach's alpha was calculated as 0.92 for the Turkish sample and 0.87 for the Syrian
sample.

Satisfaction With Life Scale (SWLS)

The SWLS is a 5-item self-report scale scored on a 7-point Likert scale (1 = Not at all appropriate, 7 =
Very appropriate). An overall score on the SWLS ranges from 5 to 35, with higher scores indicating higher
life satisfaction (54). Kdker (55) adapted the scale to Turkish culture. In this study, the test-retest
reliability coefficient was 0.85. Abdallah (56) adapted the scale to Arabic culture. In this study, the
Cronbach's alpha internal consistency coefficient for the scale's total score was 0.79. In the current
study, Cronbach's alpha was calculated as 0.80 for the Turkish sample and 0.71 for the Syrian sample.

Kutcher Adolescent Depression Scale —6 (KADS-6)
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The KADS-6 (57) is a 6-item self-report scale scored on a 4-point Likert scale (0 = Hardly ever to 3 = All of
the time), and total scores range from 0 to 18. Increasing scores indicate a higher severity of depression.
The Arabic version adapted by Ammar (58) showed good internal consistency in this study (a = 0.80). An
adaptation study of the scale into Turkish was conducted by Tatar and Bekiroglu (59). In this study,
Cronbach's alpha scores were reported as 0.82. In the current study, Cronbach's alpha was calculated as
0.77 for the Turkish sample and 0.74 for the Syrian sample.

Data analysis

Network estimation

We estimated a 12-node Gaussian Graphical Model (GGM) for each group. Nodes comprised the five
SCARED subscales (panic/somatic, generalized anxiety, separation anxiety, social phobia, school
avoidance), the three CRIES subscales (intrusion, avoidance, hyperarousal), depression (KADS),
loneliness (ULS-6), life satisfaction (SWLS), and earthquake exposure as a focal node. To isolate
associations net of war-related trauma, all symptom nodes were residualized on war exposure before
estimation; earthquake exposure was retained as observed. Networks were estimated with the graphical
LASSO regularized using the Extended Bayesian Information Criterion (EBIC, y = 0.5) (60) on Spearman
correlations, which is appropriate for ordinal and non-normal indicators. Edges represent regularized
partial correlations. Node predictability was computed as described in Haslbeck and Waldorp (61).
Analyses were conducted in R software version 4.3.3 (R Core Team, 2024) using the qgraph package
(62).

Centrality

For each network, we computed node strength, expected influence (El), and bridge expected influence.
Bridge centrality (63) was computed by treating the SCARED and CRIES subscales as the two symptom
communities, with the remaining nodes as singletons. Following recommendations that El is among the
most stable and interpretable indices in regularized networks (64), interpretations were based primarily
on El and bridge El; values were also z-standardized within group for comparison.

Network Comparison Test

Between-group differences were tested with the Network Comparison Test (NCT) (65), a permutation
procedure assessing (a) overall structure via the maximum edge-difference statistic (M); (b) global
strength, the sum of absolute edge weights (S); (c) the invariance of each edge, with family-wise error
correction via the maximum-statistic method; and (d) the invariance of node centrality (El and bridge El).
Edge and global tests used 1.000 permutations, and centrality tests used 2.000 permutations, at a =
0.05. Network stability was assessed with case-dropping bootstraps (correlation-stability, CS,
coefficient). As a robustness check against unequal sample sizes, the Turkish sample was randomly
downsampled to the Syrian sample size, and the global-strength comparison was repeated. Because the
two samples differed substantially in sex composition, two further sensitivity analyses examined
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whether the cross-cultural differences were attributable to gender. First, the full network comparison was
repeated after additionally residualizing every symptom node on participant gender within each group.
Second, in the pooled sample, male and female networks were compared after residualizing for war
exposure and culture.

Earthquake-exposure severity as a moderator of network
structure

To test whether earthquake exposure conditions the broader symptom network rather than acting as a
single peripheral node, the pooled sample was split at each group’s median earthquake-exposure score
into high- and low-exposure subgroups, and the 11 symptom-node networks were compared via NCT.
The contrast was then repeated within each group.

Results

Descriptive Statistics

Descriptive statistics of Syrian and Turkish samples for all scales, subscales, and characteristics of
trauma and comparison of all of these characteristics between groups are presented in Supplementary
Table 2 and Supplementary Table 3, respectively. Syrian participants reported higher cumulative trauma
exposure (M =4.96, SD =2.07 vs. M =3.58, SD = 1.93), anxiety (SCARED M = 55.67 vs. 48.04), and
post-traumatic stress (CRIES M = 36.72 vs. 34.46), and lower life satisfaction (SWLS M =12.52 vs. 17.20;
all p <0.001, Mann—Whitney), whereas depression did not differ (KADS M =16.47 vs. 16.54, p =0.195).

Network Structure and Global Connectivity

The Network Comparison Test indicated that the two groups differed in overall network structure (M =
0.299, p = 0.001). Global strength was significantly greater in the Syrian network than in the Turkish
network (S = 6.40 vs. 6.00; S-difference = 0.40, p = 0.014), indicating a more densely interconnected
symptom network among Syrian youths. Network density was 83.3% (55 of 66 edges) in the Syrian
network versus 75.8% (50 of 66) in the Turkish network, and the mean absolute edge weight was slightly
larger in the Syrian network (0.097 vs. 0.091; Table 1). Both networks were highly stable (CS-coefficient
for expected influence = 0.75). The global-strength difference remained when the Turkish sample was
down-sampled to the Syrian sample (S-difference = 0.36), indicating that it was not an artifact of unequal
sample size.

Edge-level invariance

After family-wise error correction, 22 of the 66 edges differed significantly between groups. The single
largest difference involved a loneliness—earthquake edge that was uniquely negative in the Syrian
network (- 0.30) and absent in the Turkish network (0.00). Within the post-traumatic stress cluster, the
intrusion—hyperarousal (0.42 vs. 0.16) and intrusion—avoidance (0.45 vs. 0.27) edges were substantially
stronger in the Turkish network, indicating tighter cohesion of the earthquake-response cluster among
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Turkish adolescents. The depression—loneliness edge was likewise stronger in the Turkish network (0.34
vs. 0.15). Conversely, several anxiety-related connections (e.g., social phobia-loneliness, 0.01 vs. 0.18;
separation anxiety—social phobia, 0.01 vs. 0.18) were stronger in the Syrian network, reflecting a more
interlinked anxiety—interpersonal domain. Network comparison statistics for the Turkish and Syrian
youth symptom networks are presented in Table 1.

Centrality differences

Permutation tests of centrality revealed that depression was the strongest bridge node in the Syrian
group, and the second strongest node in the Turkish group, and was significantly stronger in the Syrian
network (bridge El = 0.99 vs. 0.67, p < 0.001), underscoring the central role of depressive symptoms in
linking the anxiety and trauma domains. Social phobia showed higher expected influence and bridge
centrality in the Syrian network (p < 0.001), and intrusion functioned as an inward node in the Turkish
network but as an outward bridge in the Syrian network (p < 0.001). By contrast, earthquake exposure
occupied a peripheral position in both networks, and its connectivity did not differ significantly between
groups (El difference p =0.174). Loneliness showed higher bridge centrality in the Turkish network (El =
0.78 vs. 0.19, p < 0.001). Differences in networks comparing symptom-network structure between
Turkish and Syrian samples are visualized in Fig. 1.

Earthquake-Exposure Severity and Network Density

When the sample was partitioned by earthquake-exposure severity, the high-exposure symptom network
was significantly more strongly connected than the low-exposure network (S =5.52 vs. 5.15, p = 0.007;
structural difference p = 0.001). This dose—density pattern held within both groups, global strength
increased from 5.32 to 6.10 in the Turkish sample and from 5.84 to 6.83 in the Syrian sample (both p =
0.001). Thus, although earthquake exposure was a peripheral node, greater exposure severity was
associated with a more densely interconnected symptom network in both populations. Full results of our
network analyses are presented in Supplementary Tables 4, 5, 6,7, 8,9, and 10.

Sensitivity to Sample Gender Composition

The Turkish and Syrian samples had very different gender compositions. In the Turkish sample, one
gender made up 65.1%, while in the Syrian sample, it was 26.8%. Because of this, we considered whether
the network differences between the groups were due to gender rather than cultural background. To
check this, we adjusted each symptom node for participant gender within each group. After making this
adjustment, the cross-cultural differences stayed about the same. The groups still showed differences in
structure (M =0.281, p = 0.003) and global strength (S = 5.68 vs. 6.28; S-difference = 0.60, p = 0.036). The
differences in edge weights after adjusting for gender were almost identical to those in the main
analysis (r=0.997). The same 21 edges still showed violations of invariance after correcting for multiple
comparisons. The bridge-centrality pattern also stayed the same. Loneliness was more central in the
Turkish network, while depression and social phobia were more central in the Syrian network. The gap in
global strength did not get smaller after adjustment; instead, it increased slightly from 0.42 to 0.60.
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We also directly compared the two gender groups in the combined sample. We adjusted the symptom
nodes for war exposure, and the sample participants came from. The gender groups showed differences
in both structure (M = 0.149, p = 0.009) and global strength (S=5.86 vs. 5.27, p =0.019). However, these
gender differences were smaller than the cross-cultural differences (structural M =0.149 vs. 0.281) and
involved a different set of edges. Only 3 edges remained significant after correcting for gender,
compared to 21 edges for the cross-cultural difference. These findings show that gender sex was linked
to how symptom networks were organized, but it did not explain the cross-cultural differences. The
cross-cultural differences remained and even became slightly stronger after adjustment. The sensitivity
of the cross-cultural network comparison to sample sex composition is shown in Supplementary Fig. 1.
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Table 1
Network comparison statistics for the Turkish and Syrian youth symptom networks

Variable Turkish Syrian Test statistic p
Network structure (M) — — M =0.299 <0.001
Global strength (S) 6.00 6.40 S-diff =0.40 0.014
Network density (%) 75.8 83.3 — —
Non-zero edges (of 66) 50 55 — —
Mean |edge weight| 0.091 0.097 — —

Largest edge differences

Loneliness — Earthquake 0.00 -0.30 |Al = 0.30 0.001
Intrusion — Hyperarousal 0.42 0.16 Al =0.26 0.001
Depression — Loneliness 0.34 0.15 |A] =0.20 0.001
Intrusion — Avoidance 0.45 0.27 Al =0.18 0.001
Social phobia — Loneliness 0.01 0.18 Al =0.17 0.001

Bridge expected influence

Loneliness 0.78 0.19 |A] = 0.59 <0.001
Intrusion -0.15 0.23 |A] =0.38 <0.001
Depression 0.67 0.99 |A] =0.32 <0.001
Social phobia 0.20 0.45 |A] =0.25 <0.001
Panic/Somatic 0.19 0.37 |A]=0.18 0.001
Hyperarousal 0.33 0.48 Al =0.15 0.002
Earthquake exposure -0.11 -0.03 |A] =0.08 0.174

Note. Edge weights are regularized partial correlations from a Gaussian Graphical Model (EBIC-tuned
graphical LASSO, y = 0.5). Structure (M) and global-strength (S) tests used 1.000 permutations;
centrality tests used 2.000. Edge-level significance reflects family-wise error correction.

Discussion

To the best of our knowledge, this study is one of the first to directly compare the internalization
symptom networks of Syrian refugee youths and Turkish host community youths within the same
disaster context. Accordingly, this study aims to comparatively examine the symptom networks related
to natural disaster trauma among Syrian refugee youths with a heavier traumatic burden and Turkish
host community youths residing within the same earthquake-affected region.
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Our findings mostly support the hypotheses. We found that the trauma and internalization symptoms
network showed higher connectivity among Syrian youths, which matches earlier studies that reported
strong network connections and unique centralization patterns among trauma symptoms in refugee
youths (66, 67). In graphical LASSO networks estimated using the EBIC model, higher global strength,
network density, and edge weights among Syrian youths suggest that trauma (earthquake exposure) and
internalization symptoms are more tightly interconnected within this group. The observation of this
difference at the general network connectivity level, the most central symptoms, and the specific edge
level suggests that cumulative trauma exposure may transform the symptom system into a more
integrated and potentially more resilient structure. These results agree with research showing that the
symptoms at the center of the network can change depending on the trauma burden and profile of each
group (68, 69).

The fact that Turkish youths primarily faced a single traumatic event—namely, an earthquake—while
Syrian youths experienced not only repeated traumas such as war and migration but also an earthquake
experience constitutes an important contextual distinction that may explain the difference in network
architecture between the groups (24). This framework demonstrates that the burden of trauma must be
assessed not only by the number of exposures but also in conjunction with the type of trauma, its
duration, and contextual accumulation (70).

The findings of Stefanovic and colleagues (71), who compared Type | and Type Il trauma networks, also
provide an explanatory framework for the current results. Stefanovic and colleagues found that in
individuals experiencing Type | trauma, networks exhibited lower density and weaker symptom
connections. In contrast, in those experiencing Type Il trauma, networks demonstrated higher density
and stronger symptom clusters. This pattern aligns with other studies showing that psychiatric symptom
networks in different trauma types possess distinct and divergent structural characteristics (72, 73).

Turkish sample

One of the notable findings of our study is that the associations between earthquake exposure and PTSD
symptoms are stronger among Turkish adolescents than among Syrian adolescents, and that the
interconnections among PTSD subtypes appear more pronounced. In particular, the strong relationships
between earthquake exposure and symptoms of hyperarousal and avoidance, along with the close
interactions among intrusion, hyperarousal, and avoidance symptoms, suggest that the traumatic
experience is largely organized within the PTSD system in this group. Notably, in the Turkish sample,
intrusion, hyperarousal, and avoidance symptoms do not play a strong bridging role with other
psychopathological domains. When these findings are evaluated together, it can be said that earthquake
exposure in Turkish adolescents forms a psychopathological structure that is more specific to PTSD.

In a network analysis study evaluating 635 children and adolescents affected by the 2012 Emilia-
Romagna earthquake, 18 months after the event, the relationships between general psychiatric symptom
clusters and PTSD symptom clusters were examined. In this study, emotional problems/affective
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symptoms, hyperarousal, and avoidance symptoms had the highest centrality values (74). Our study was
also conducted within a similar timeframe following the earthquake, and for the Turkish sample, mood
symptoms similarly emerged as the most central node.

In a longitudinal network analysis conducted by Ge and colleagues (75) involving 1,623 children and
adolescents affected by the 2013 Lushan earthquake, the young participants were assessed during the
acute phase, specifically 2 weeks, 3 months, and 6 months after the event. In this study, intrusion
symptoms, such as flashbacks, emerged as the most central nodes across all three time periods. In the
3-month assessments, an association between intrusion symptoms and hyperarousal symptoms was
observed, while in the 6-month assessments, an association between intrusion symptoms and
avoidance symptoms was noted. These results can be explained by the fear-conditioning circuitry (76)—
specifically, while hyperarousal symptoms such as heightened sensitivity to threat are initially more
strongly associated with the triggering traumatic experience, deficits in fear extinction lead avoidance
behavior to play a more central role over time. Associations and reciprocal temporal interactions among
PTSD symptom clusters in children and adolescents who have experienced natural disaster trauma have
also been observed in other network analysis studies (77, 78).

Exposure to earthquakes is also strongly associated with loneliness among Turkish youths. One of the
striking findings of our study is that loneliness emerges as the strongest bridging variable within the
psychopathological network among Turkish youths, with depression or affective PTSD symptoms
assuming the second most important bridging role. Loneliness exhibits a strong association with
depression in Turkish adolescents and serves as a gateway from traumatic experiences to depression or
PTSD related mood symptoms.

Furthermore, in the Turkish sample, loneliness served as a bridge linking anxiety disorders and mood
symptoms by paving the way for generalized anxiety symptoms and life satisfaction/well-being in
association with separation anxiety. In addition, symptoms of depression and social anxiety showed
strong associations in the Turkish youth sample. Mood symptoms such as loneliness and depression
have served as a bridge linking traumatic experiences to anxiety disorders.

The strong association observed between traumatic experiences and avoidance symptoms in the
Turkish sample, along with the prominent bridge role of affective PTSD symptoms such as loneliness
and depression, may explain this relationship.

At this point, the short-term function of avoidance-based coping must be considered alongside its long-
term risks. While the pattern observed in Turkish adolescents appears consistent with cognitive-
behavioral trauma models that acknowledge the short-term adaptive function of avoidance, it is known
that avoidance-based strategies increase the risk of PTSD becoming chronic in the long term;
longitudinal studies have shown that early avoidant coping in post-earthquake adolescent samples
predicts more severe and persistent PTSD symptoms and comorbidities in later periods (79, 80). This
finding supports the notion that social withdrawal is not a simple risk factor but a contextual variable
shaping the complexity of post-traumatic psychopathology. Therefore, high levels of loneliness or social
Page 13/28



withdrawal should be considered a vulnerability area that requires monitoring and intervention in Turkish
adolescents.

Kazlauskas et al. (81), in their cross-cultural studies involving adolescent samples from Japan and
Lithuania, found that loneliness was the strongest predictor distinguishing comorbidities and complex
PTSD from PTSD. Wu et al. (82) followed adolescents in Taiwan after the Chi-Chi earthquake and
demonstrated that social relationships significantly predicted the trajectories of PTSD symptoms. This
finding indicates that social relationships and contextual conditions may also be decisive for post-
traumatic adjustment in single-disaster contexts; longitudinal studies consistently demonstrate that
social support is a key protective factor shaping the course of PTSD in adolescents following an
earthquake (83, 84).

In a network analysis study conducted by Misitano and colleagues (74) with adolescents who
experienced earthquake trauma, emotional symptoms—including symptoms of depression and anxiety
disorders such as generalized and social anxiety—emerged as the most central node 18 months after
the earthquake and displayed connectivity with hyperarousal, avoidance, intrusion, and peer problems,
respectively. The results of this study demonstrate the interconnections between mood disorder
symptoms, such as depression and loneliness, and PTSD and anxiety disorders. Previous studies (85,
86) showed that dysphoric or affective symptoms of PTSD served as a strong bridge to depression in
adolescents exposed to earthquakes. Our study is based on the ICD-11 (87) definition of PTSD, which
focuses on core traumatic symptoms. The similarities or overlaps observed between depression
symptoms and the dysphoric or affective symptoms of PTSD, as defined by the DSM-5 (88), help explain
the underlying dynamics. A latent profile analysis conducted in a study involving adolescents assessed 1
and 2 years after the Wenchuan earthquake demonstrated that PTSD and depression represent distinct
yet frequently comorbid psychopathological constructs (89).

Syrian sample

One of the notable findings of our study is the strong association observed between earthquake
exposure and symptoms of social anxiety among Syrian migrant youths. While in the Turkish sample,
earthquake exposure—that is, Type 1 trauma—exhibits a strong association with avoidance,
hyperarousal, and loneliness, among Syrian migrant adolescents, earthquake exposure is associated
with symptoms of social anxiety. Furthermore, social anxiety stands out as a significant bridge node in
the Syrian network, following depression and hyperarousal. In Syrian migrant youths, social anxiety
serves as a bridge linking earthquake exposure to loneliness and separation anxiety. Although loneliness
exhibited quite high connectivity in the Turkish group, its connectivity with social anxiety/phobia was
higher among Syrian refugee youth. Several anxiety-related connections were stronger in the Syrian
network, reflecting a more interlinked anxiety—interpersonal domain.

Threat-related traumas during childhood are associated with changes in factors such as fear/safety
learning, neurobiology, and psychopathology development for adults and youths has been demonstrated

Page 14/28



(90). Along with these chronic traumatic processes and neurobiological changes, anxiety may be a more
likely outcome than PTSD for cumulative trauma-exposed refugee youths (2, 7). Symptoms of social
anxiety are commonly observed among young immigrants, partly due to the influence of post-migration
stressors such as experiences of discrimination (91). The fact that social anxiety symptoms act as a
risk-enhancing factor for loneliness among traumatized Syrian adolescents suggests that this group’s
social networks may have been more severely compromised in terms of both quantity and quality.
Therefore, interventions aimed at alleviating social anxiety and strengthening social connections among
refugee adolescents after an earthquake must focus not merely on increasing the number of social
contacts, but on fostering safe, supportive, and sense-of-belonging-providing relationships. In this
regard, it is observed that trust-based and resource-oriented intervention approaches are also supported
by refugee youth's perspectives (92, 93).

One of the most striking findings of our study is that symptoms of hyperarousal in Syrian migrant youths
play a strong bridging role within the psychopathological network, acting as a bridge between
panic/somatic symptoms and affective symptoms such as life satisfaction and well-being, thereby
facilitating comorbidities. While hyperarousal symptoms in Turkish youths primarily function within the
PTSD system and play a relatively limited bridging role, in Syrian youths, these symptoms appear to
occupy a more central position, linking different psychopathological domains. In particular, the strong
association between hyperarousal and panic/somatic symptoms suggests that a state of chronic
physiological arousal may play a significant role not only in the maintenance of traumatic stress
symptoms but also in the emergence of broader anxiety symptoms (2, 7, 90). Successive traumatic
experiences such as war, forced migration, post-migration hardships, daily challenges, and earthquakes
may have caused the physiological alarm system of Syrian youth to remain active for an extended
period. Hyperarousal and increased physiological arousal may, over time, pave the way for the
development of anxiety disorder symptoms such as panic and somatic symptoms. When these
processes are considered together, hyperarousal symptoms in Syrian youths can be viewed not merely
as an indicator of traumatic stress responses but as a significant transdiagnostic mechanism linking
cognitive, emotional, and behavioral processes.

Network analyses of PTSD in refugee adolescents also show that symptoms of hyperarousal frequently
emerge as the central node. Studies using network analysis on PTSD in refugee adolescents often find
that hyperarousal and re-experiencing symptoms are central. For example, Pfeiffer et al. (66) found that
these symptoms were highly central in refugee youth in Germany, and that group therapy reduced them
significantly. Schumacher et al. (68) reported that clinicians saw concentration problems (hyperarousal)
and nightmares as especially important to address. Ross et al. (94) showed that hyperarousal and re-
experiencing symptoms strongly connect with dissociative symptoms in trauma-exposed adolescents.
Kratzer and colleagues (95) examined network connections between PTSD, somatic symptoms, and
dissociation in a sample of adult inpatients who experienced childhood trauma and found that
physiological reactivity (hyperarousal) was the most central node in the network, serving as a bridge
between PTSD and somatic symptoms alongside attention difficulties. This finding supports the notion
that cumulative trauma can create a multi-layered symptom network encompassing not only PTSD
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symptoms but also clusters of somatic and dissociative symptoms, and hyperarousal serves as a bridge
linking various psychiatric symptoms in individuals with a history of cumulative trauma.

The fact that symptoms of anxiety disorders and depression following a natural disaster are more
centrally located in the network analysis of young Syrian refugees—who have been exposed to traumatic
experiences such as war trauma and the loss of a caregiver—compared to local Turkish youth suggests
that the effects of cumulative trauma follow a more complex course. In our study, conducted
approximately 1.5 to 2 years after the Kahramanmaras earthquakes, the Turkish sample showed a strong
association between trauma and PTSD symptoms, with mood symptoms such as loneliness, depression,
or affective PTSD symptoms being more prominent bridges—which carry a risk of chronicity—and
simultaneously exhibiting a more “typical” post-traumatic pattern. In the Syrian migrant youth sample,
anxiety disorders such as social anxiety disorder show a strong association with trauma, which plays a
more central role alongside mood symptoms like depression or affective PTSD symptoms. The
prominence bridge role of depression and anxiety disorders or symptom clusters like hyperarousal,
social anxiety, and panic/somatic in the Syrian network suggests that, in addition to PTSD, more
comprehensive psychiatric approaches need to be developed for young people with a history of early-
onset, cumulative trauma.

Furthermore, our study reveals a link between hyperarousal and avoidance symptoms and life
satisfaction among Syrian migrant youth, suggesting that traumatic experiences may affect subjective
well-being and daily functioning, and may also pave the way for mood symptoms. Depression plays a
leading role as a bridge node in the sample of Syrian migrant youth and exhibits strong associations with
intrusion and anxiety symptoms such as school avoidance.

The central node profile in polyvictimized adolescents may not be limited solely to symptoms of re-
experiencing, intrusive memories, and hyperarousal. Bridges-Curry and colleagues (69) demonstrated
that in a sample of polyvictimized adolescents, dissociation, self-blame, and grief were the most central
nodes, and that derealization predicted anxiety symptoms in the later period. This finding suggests that
cumulative trauma exposure may also bring depressive symptoms like grief, dissociative, and cognitive
symptoms to the center of the network. Furthermore, in addition to major traumatic experiences, the
frequency and severity of everyday challenges can also significantly affect the well-being of young
migrants (96). Behrendt et al. (97) found that daily challenges like housing, money, and language barriers
are directly linked to PTSD and depression in refugees. It has been noted that the discrimination, social
isolation, and uncertainty about the future experienced by young people after migration are closely linked
to symptoms of depression and PTSD (98, 99).

In our study, although intrusion symptoms exhibited higher bridge characteristics in the Syrian network
compared to the Turkish sample, they did not play as central a role as symptoms of depression,
hyperarousal, social phobia, and panic in the Syrian network. However, one of the striking findings of our
study is that, in the Syrian migrant youth network, intrusion symptoms link PTSD to generalized anxiety
and depression symptoms, thereby paving the way for comorbidities.
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In a longitudinal network analysis study conducted by Li and colleagues (100) with 3,189 adolescents in
China, depression, anxiety disorders, and PTSD were examined together. In this study, two separate
assessments were conducted over a follow-up period of approximately 1.5 years. Across all time
periods, the most central nodes were panic/somatic symptoms and generalized anxiety disorder
symptoms. Sleep problems (hyperarousal symptoms) emerged as the most significant bridge node,
followed by other hyperarousal symptoms (irritability, difficulty concentrating). Thus, it was found that
the connections between anxiety disorders and PTSD symptoms are particularly strengthened through
PTSD symptoms such as hyperarousal. In our study, in addition to hyperarousal symptoms, intrusion
symptoms—albeit with lower connection strength—also form the pathway linking generalized anxiety
disorder and depression. Intrusive or intrusive traumatic thoughts can lead to rumination—that is,
excessive preoccupation with these thoughts. Rumination can show unique network associations with
re-experiencing symptoms (intrusion) and negative alterations in cognition and mood nodes in youths
and adults exhibiting symptoms of PTSD (101). Intrusive rumination—repetitive, uncontrollable dwelling
on negative thoughts or past events—can act as a severe, overlapping catalyst across PTSD, depression,
and generalized anxiety disorder.

Limitations

This study has several limitations that ought to be considered when analyzing the results. Firstly,
measures of potentially traumatic events, PTSD, anxiety, depression, loneliness, and life satisfaction
were only assessed through self-reporting. Self-reporting measures may introduce response bias or
social desirability bias and may not capture the full extent of symptoms. Therefore, the results cannot
replace direct assessments by mental health professionals, and caution is warranted when interpreting
them. Secondly, the study's cross-sectional design does not allow us to determine the direction of the
relationships or the causal effects of the variables on one another. Consequently, we can't conclude how
psychiatric symptoms develop and how they progress over time during the acute phase following an
earthquake or within the first year. Therefore, future studies should use longitudinal designs to establish
temporal relationships among variables and examine causal relationships.

The third limitation of our study is the gender differences between the samples of Turkish local youth
and Syrian migrant youth. Although we adjusted each symptom node for participant gender within each
group, and gender did not explain the cross-cultural differences, it would be helpful to examine our
results while accounting for gender differences across the samples we surveyed.

Finally, the stronger association between trauma and PTSD observed among Turkish youth in our study
can be explained by the fact that a relatively larger proportion of Turkish youth in our sample—whose
homes were destroyed or severely damaged—were still forced to live in containers at the time of the
study (approximately 1.5 to 2 years after the disaster), compared to Syrian youth. However, young people
living in container cities, who are more likely to have experienced traumatic events such as being injured
during the earthquake, being trapped in earthquake rubble, or witnessing the loss of loved ones,
constitute only a relatively small portion of both samples. According to TUIK (Turkey’s official statistics
agency) (42) data, the proportion of Turks adversely affected by the earthquake within Turkey’s borders
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and the Turkish population in the region appear to be higher than that of Syrian refugees. However,
based on the available data, it is not possible to make definitive estimates of the severity of the
earthquake's impact on either cultural population. Consequently, our study may exhibit bias in this
context and may not accurately reflect the true differences between the relevant populations. It would be
helpful to examine our study's results while taking these potential biases into account.

Conclusion

In conclusion, our network analysis study—conducted with a community sample of 3,071 adolescents
and emerging adults in the earthquake-affected region, which was significantly impacted by the
Kahramanmaras earthquake, approximately 1.5 to 2 years after the disaster—reveals that the clusters of
post-traumatic internalization symptoms differ between local Turkish youth and Syrian migrant youth.
The Turkish youth sample showed a strong association between trauma and PTSD symptoms, with
mood symptoms such as loneliness, depression, or affective PTSD symptoms being more prominent
bridges. In the Syrian migrant youth sample, a strong association was observed between trauma and
symptoms of social anxiety, with the prominent bridge role of depression and anxiety symptom clusters
like hyperarousal, social anxiety, and panic/somatic.

Among local Turkish youth, loneliness emerged as the strongest bridge node within the
psychopathological network, followed by depression or PTSD-related mood symptoms. Loneliness was
strongly linked to depression and appeared to connect traumatic experiences with mood symptoms.
Loneliness also facilitates comorbidities, with bridging depression and anxiety symptoms like separation
anxiety and generalized anxiety. At the same time, depression showed a close relationship with social
anxiety among Turkish youths.

Depression served as the most prominent bridge node in the Syrian migrant sample, showing strong
links with intrusion symptoms and anxiety-related manifestations such as school avoidance.
Hyperarousal was the second prominent bridge node among Syrian migrant youth. Hyperarousal and
avoidance symptoms were associated with diminished well-being, indicating that trauma-related
processes may impair daily functioning and contribute to mood symptoms. Hyperarousal is also
connected to mood symptoms such as lower life satisfaction and well-being, and panic/somatic
symptoms, suggesting that cumulative trauma-related chronic physiological arousal may facilitate the
development of broader anxiety symptoms (2, 7). The findings of our study suggest that
psychopathological patterns among young Syrian refugees exhibit a more complex and transdiagnostic
structure, reflecting the effects of cumulative traumatic experiences resulting from successive,
cumulative life events such as war, migration, post-migration stressors, and earthquakes.
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Figure 1

Difference networks comparing symptom-network structure between groups. (A) Turkish vs. Syrian
adolescents (nodes residualized on war exposure and gender); (B) the two gender groups (residualized
on war exposure and culture). Node/ring colour = symptom domain (teal = anxiety, orange = post-
traumatic stress, green = mood/well-being, grey = earthquake exposure). Each line is the between-group
difference in regularized partial correlation (EBICglasso, y = .50) for that node pair; width and opacity
scale with the difference. Coloured lines are significant after family-wise correction (p < 0.05): blue =
stronger in the first group (Turkish/gender 1), red = stronger in the second (Syrian/gender 2); grey lines
are non-significant. PAN = panic/somatic, GAD = generalized anxiety, SEP = separation anxiety, SOC =
social phobia, SCH = school avoidance, INT = intrusion, AVO = avoidance, HYP = hyperarousal, DEP =
depression, LON = loneliness, LIF = life satisfaction, EQ = earthquake exposure.
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