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Background: Sex differences in youth’s posttraumatic stress disorder (PTSD) symptomatology have not been well
studied. Methods: Based on a recently burgeoning theory of psychopathology networks, this study conducted sex
comparisons of global and local connectivity of PTSD symptoms in a sample of 868 disaster-exposed adolescents
(57.0% girls; a mean age of 13.4 � 0.8 years) with significant PTSD symptomatology evaluated by the UCLA PTSD
Reaction Index for DSM-IV. Results: The results revealed that global connectivity was stronger in girls’ network than
in boys’, and individual symptoms’ connectivity and its rankings differed by sex. Intrusive recollections, flashbacks,
avoiding activities/people, and detachment were the most strongly connected symptoms in girls, whereas flashbacks,
physiological cue reactivity, diminished interest, and foreshortened future were the most strongly connected
symptoms in boys. Several symptoms were identified as featuring large connectivity differences across sex.
Conclusions: These findings provide novel insights into sex differential risk and features of youth’s PTSD
symptomatology. Sex differences reflected in the co-occurrence of PTSD symptoms may merit more consideration
in research and clinical practice. Keywords: Posttraumatic stress disorder; network analysis; symptom connectivity;
sex differences; adolescents.

Introduction
Sex differences in posttraumatic stress disorder
(PTSD) symptomatology have been extensively doc-
umented in previous epidemiological and clinical
studies. One of the most consistent findings is a
higher risk of this disorder in females. Specifically,
the lifetime PTSD prevalence in females is twice as
high as it is in males (e.g., D€uckers & Olff, 2017); and
after trauma exposure, the sensitivity to PTSD, the
diagnosis or severity of PTSD, and the likelihood of
chronicity of PTSD are also higher in females than in
males (e.g., Breslau & Anthony, 2007; Pietrzak et al.,
2014; Priebe et al., 2009). Another notable sex
disparity exists in PTSD symptom expression, such
that some symptoms are more likely to be endorsed
by a specific sex. For instance, females tend to report
more intrusive recollections, flashbacks, psycholog-
ical and physiological cue reactivities, avoiding
thoughts/feelings and activities/people, amnesia,
diminished interest, foreshortened future, sleep
problems, concentration problems, and exaggerated
startle; whereas males tend to report more emotional
numbness and hypervigilance (e.g., Fullerton et al.,
2001; Hourani, Williams, Bray, & Kandel, 2015;
King, Street, Gradus, Vogt, & Resick, 2013).

Despite the substantial body of literature on sex
differences in PTSD symptomatology, there are sev-
eral limitations to note. First, studies revealing

females’ higher PTSD risk mostly focused on the
level of this disorder (e.g., diagnosis and severity),
under a common cause hypothesis that an underly-
ing, latent entity causes its symptoms which cannot
be directly related (Cramer, Waldorp, van der Maas,
& Borsboom, 2010). However, empirical studies have
indicated the potential causality between symptoms
(e.g., Schell, Marshall, & Jaycox, 2004), and accord-
ingly, an alternative assumption of psychopathology
that symptom interactions lead to mental disorders
has recently been advanced (Borsboom, 2017). It
conceptualizes a mental disorder as a network
comprised of symptoms (i.e., nodes) and their asso-
ciations that underlie this disorder (i.e., edges).
Theoretically, a network with stronger edges (i.e.,
higher global connectivity; Barrat, Barthelemy, Pas-
torsatorras, & Vespignani, 2004) may feature stron-
ger feedback loops among its symptoms and may
thus be related to higher vulnerability to the persis-
tence of a disorder (McNally, 2017). Empirical evi-
dence supporting this notion has also been gathered
(Van Borkulo et al., 2015; Van Rooijen et al., 2018).
Presumably, sex differential PTSD risk, particularly
in terms of the chronicity of this disorder, would be
indicated by higher global connectivity in females’
network compared to that of males. Nevertheless, no
empirical evidence has yet been yielded regarding
such differences in PTSD network across sex.

Second, regarding the symptom level of PTSD,
current knowledge of sex differences in this disorder
has been limited to symptom frequency or severityConflict of interest statement: No conflicts declared.
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(e.g., Fullerton et al., 2001; Hourani et al., 2015;
King et al., 2013). From a network perspective, a
novel attribute of symptoms: centrality, character-
ized as the degree to which a symptom is connected
with others in a network and might thus, in theory,
be important to the maintenance of a disorder
(Borsboom, 2017; Borsboom & Cramer, 2013),
potentially exhibits other differences between males
and females. To date, only one study has docu-
mented sex differential rankings on PTSD symptom
centrality in a veteran sample (though without
centrality comparisons across sex; Mitchell et al.,
2017), and identified diminished interest and hyper-
vigilance, and nightmares and concentration prob-
lems as sex-specific symptoms with the highest
centrality among women, and men, respectively. Of
note, some symptoms highly central to the network
were found to be those with lower frequency or
severity (e.g., concentration problems in males; King
et al., 2013). Hence, Mitchell et al. (2017)’s study,
combined with initial evidence that symptoms with
higher centrality are stronger predictors of chronic
PTSD at follow-up than are lower-centrality ones
(Haag, Robinaugh, Ehlers, & Kleim, 2017), may
suggest more weight to centrality (compared to
frequency or severity) in considering sex-specific
symptoms probably crucial to the chronicity of this
disorder. Nonetheless, given the initial stage of
network studies addressing sex differences, replica-
tions in different populations and direct sex com-
parisons are clearly needed.

Third, only a few studies have investigated sex
differences in youth’s PTSD symptomatology, and
thus the knowledge pertaining to this population is
inadequate. Theoretical and empirical research has
indicated developmental differences in PTSD symp-
tomatology (Helpman et al., 2015), with the excep-
tion of higher risk of this disorder in both women
and girls (e.g., Alisic et al., 2014; D€uckers & Olff,
2017), suggesting limited generalizability of findings
from adult samples to youth population. In contrast
to the abundance of network studies on PTSD in
adults (e.g., Armour, Fried, Deserno, Tsai, &
Pietrzak, 2017; Bryant et al., 2017; McNally et al.,
2015), only one study to date has examined the
network structure of PTSD symptoms in youth
(Russell, Neill, Carri�on, & Weems, 2017). Compar-
ing this study with another one in adults likewise
exposed to disaster (McNally et al., 2015), it can be
seen that youth and adults shared several similar-
ities in network structure. However, highly central
symptoms, of particular interest, were found to
differ between these two groups. Specifically, con-
centration problems and hypervigilance demon-
strated the highest centrality exclusively in adults,
whereas physiological cue reactivity, avoiding activ-
ities and restricted affect were central solely for
children and adolescents. For that reason, sex-
specific core symptoms in youth would not be
preferably inferred from Mitchell et al. (2017)’s

study of adults, calling for an in-depth exploration
in the target population.

To summarize, a network approach, focusing on
symptom associations, would shed new light on sex
differential risk and prominence of PTSD symptoms
in youth, beyond the levels of this disorder and its
symptom frequency or severity. We therefore aimed
to examine sex differences in global connectivity and
local connectivity (i.e., centrality) in youth’s PTSD
network, via this approach. Based on prior evidence
of girls’ higher risk of PTSD chronicity (e.g., La Greca
et al., 2013) and the disorder persistence–global
connectivity link suggested by network theory and
research (McNally, 2017; Van Borkulo et al., 2015;
Van Rooijen et al., 2018), it was hypothesized that
global connectivity would be stronger in girls’ net-
work than in boys’. Inspired by the latest work
implying sex differences in PTSD symptom centrality
(Mitchell et al., 2017), we anticipated that meaning-
ful differences in local connectivity would emerge as
a function of sex, though we had no specific hypoth-
esis about the difference pattern and sex-specific
highly central symptoms. Although the network
approach has been widely applied to psychopathol-
ogy, its reliability in terms of the accuracy of edges
and the stability of node centrality indices (discussed
by Epskamp, Borsboom, & Fried, 2018), has been
controversial (e.g., Borsboom et al., 2017; Forbes,
Wright, Markon, & Krueger, 2017; Steinley, Hoff-
man, Brusco, & Sher, 2017). Addressing this con-
cern, network reliability evaluation was performed to
strengthen the robustness and interpretability of our
results.

Methods
Procedure and participants

The participants were recruited from two junior high schools
located in the hard-hit areas of the 2008 Wenchuan Earth-
quake in China (Paterson, del Re, & Wang, 2008). Data
collection was conducted approximately 2.5 years after the
earthquake. The aim and significance of the survey were
introduced, and then self-reported questionnaires were admin-
istered in a class group format with the assistance of trained
research assistants and school teachers. Informed consent/
assent was obtained from all participants and their guardians.
The study protocol was reviewed and approved by the Institu-
tional Review Board of the Institute of Psychology, Chinese
Academy of Sciences.

The initial sample consisted of 1,693 adolescents who
experienced the earthquake personally (screened by the ques-
tion ‘Where were you when the earthquake occurred?’).
Preliminary analyses showed a significant difference in total
PTSD symptom scores between girls and boys (t (1,691) = 5.35,
p < .001, Cohen’s d = .26). Overall severity can systematically
influence the covariances between symptoms, and thereby
play a role in the network construction and confound observed
differences in global connectivity across groups (discussed by
Van Borkulo et al., 2015). Thus, this potential confounding
effect should be attenuated by comparing networks across
groups with an equivalent overall severity. Besides, half of the
symptoms had a negligible mean score (i.e., M < 1), as a
reflection of overall low symptomatology in this sample. A low
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symptom score can compress variability for a symptom, and
such restricted variability can lead to artificially low connec-
tion strength of a symptom (discussed by McNally, Heeren, &
Robinaugh, 2017; Terluin, de Boer, & de Vet, 2016). Thus,
reliable comparisons across symptoms should be made in
samples with substantial levels of mean scores of most
symptoms. For the above reasons, those girls and boys with
comparably significant PTSD symptomatology (n = 868) were
finally included in this study (sample inclusion criteria are
described below in detail). Our analyses were originally con-
ducted using a much smaller sample (n boys/girls = 192/295)
recruited approximately 6.5 years after the preceding earth-
quake. Because of the low stability of the network estimates
(probably due to a small sample size; Epskamp et al., 2018),
the current sample was used instead of the original one. There
was no overlap between these two samples.

Measure

The self-report symptom scale of the UCLA PTSD Reaction
Index for DSM-IV (PTSD-RI; Steinberg, Brymer, Decker, &
Pynoos, 2004) was used to evaluate PTSD symptoms. As per
the scoring instructions, 17 items with one-to-one correspon-
dence to DSM-IV PTSD symptom criteria (American Psychiatric
Association, 1994) were used in the present analysis: of the two
alternative items assessing restricted affect, the one with a
higher score was included; the two additional items assessing
associated features (i.e., trauma-related guilt and fear of
recurrence) were excluded. Each item is rated on a 5-point
Likert scale reflecting the frequency of a particular symptom
from 0 (none of the time) to 4 (most of the time) during the past
month, with a rating of two or higher indicating a symptom
endorsement (Stimmel, Cruise, Ford, & Weiss, 2014). The
PTSD-RI has demonstrated good psychometric properties and
received widespread adoption (Steinberg et al., 2004), and its
Chinese version has been previously used in Chinese disaster-
exposed adolescents (Wu, Chen, Weng, & Wu, 2009). In this
study, the PTSD-RI was completed with regard to the earth-
quake. Cronbach’s as for the total scale in the total sample,
and subsamples of girls and boys were .88, .88, and .87,
respectively.

Sample inclusion and characteristics

According to the PTSD-RI responses, a total of 868 adolescents
were identified as meeting either of the following criteria for
significant PTSD symptomatology: (a) 355 (40.9%) for probable
full PTSD, defined by meeting all three B-D criteria (American
Psychiatric Association, 1994); (b) 513 (59.1%) for probable
partial PTSD, defined as meeting two of B-D criteria (Steinberg
et al., 2004).

This sample consisted of 495 (57.0%) girls and 373 (43.0%)
boys with age ranging from 12 to 16 years (M = 13.4,
SD = 0.8). Ethnicity was self-reported as Qiang (541; 62.3%),
Han (315; 36.3%), and other Chinese ethnicities (12; 1.4%).
During the earthquake, 759 (87.4%) witnessed housing dam-
age, 205 (23.6%) were injured, 668 (77.0%) witnessed an injury
of someone, 348 (40.1%) were exposed to corpses, and 330
(38.0%) lost at least one of their family members. The mean
score on the PTSD-RI was 25.8 (SD = 8.8, range: 8–62).

Girls did not differ from boys in age (t (866) = �1.85, p > .05,
Cohen’s d = .12), ethnicity (v2 (1) = 3.78, p > .05, Cramer’s
V = .07), any earthquake-related exposure (v2 (1) ranged from
0.91 to 2.57, all ps >.05, all Cramer’s Vs <.05) except for loss of
family member (v2 (1) = 4.38, p < .05, Cramer’s V = .07), or
probable full (partial) PTSD (v2 (1) = 0.01, p > .05, Cramer’s
V = .00). PTSD-RI total scores were equivalent across girls and
boys (t (866) = 1.18, p > .05, Cohen’s d = .08), and density
plots indicated that symptom score distributions were largely
similar across groups with little difference in restriction of
score variance (see Appendix S1), suggesting minimal

confounding effects of overall severity and symptom score
variance (Russell et al., 2017; Van Borkulo et al., 2015).

Data analysis

All descriptive statistical analyses were conducted with SPSS
(Version 19.0 for Windows). The PTSD-RI item-level data were
missing for 5.6% of the final sample (4.3% for one item, and
1.3% for two or three items) and were handled using full
information maximum likelihood (ML) procedures. Data and R
code for network analyses are available in Appendix S6.

Network estimation and visualization. Two net-
works (for girls and boys, respectively) were estimated using
the R package qgraph (Epskamp, Cramer, Waldorp, Sch-
mittmann, & Borsboom, 2012). The PTSD symptoms were
depicted as nodes and the associations between symptoms
were depicted as edges in the network. Following the guidelines
offered by Epskamp and Fried (2016), the gLASSO procedure,
which conservatively identifies only the relevant edges and
accurately discovers the underlying network structure (Fried-
man, Hastie, & Tibshirani, 2008), was employed to compute
networks with the tuning parameter (k) assigned a value of 0.5.
The estimate of each edge can be interpreted as a partial
correlation that presents the unique relationship between two
symptoms independent of all others (Borsboom & Cramer,
2013). Using the cor_auto function of qgraph package, poly-
choric correlations were automatically computed since all
variables were detected as ordinal in the present analysis.

Networks are visualized using the Fruchterman-Reingold
algorithm (Fruchterman & Reingold, 1991). Stronger connec-
tions are represented by thicker and more saturated edges,
and nodes with stronger and/or more connections are posi-
tioned in closer proximity. To facilitate visual comparison, an
identical layout of nodes according to their average position
across networks was imposed using the averageLayout func-
tion of qgraph package. Minimum edge value was set at 0
(default) for both networks. Maximum edge value was set at
0.57, the strongest edge identified in the present analysis,
which implements the comparison of edges’ thickness and
saturation across networks.

Centrality estimation. The centrality of each symptom
was determined by node strength, the sum of absolute values
of connections of a node, which reflects how strongly that node
is directly connected to others in the network (Opsahl,
Agneessens, & Skvoretz, 2010). To address the concern that
differential variability (‘restricted range’) in symptom scores
may distort conclusions about node strength (Terluin et al.,
2016), Pearson correlation between this centrality and stan-
dard deviation for each symptom was calculated, following a
recommended procedure (Heeren, Jones, & McNally, 2018).
Given the negative edges involving a few nodes in the present
networks, supplementary analyses estimated the sum of raw
values of each node’s connections (i.e., expected influence;
Robinaugh, Millner, & McNally, 2016) using the R package
networktools (Jones, 2018a), and considered whether these
two indices exhibited a similar pattern.

Stability estimation. To examine the robustness and
interpretability of the estimated networks, two stability anal-
yses were performed using the R package bootnet (boot-
strapped samples = 1,000; Epskamp et al., 2018). (a) The
edge stability was estimated by bootstrapping the 95% confi-
dence intervals (CI) of the edge weights, and fewer overlaps
among those CIs indicate higher stability. (b) The node
centrality stability was measured using the correlation stabil-
ity coefficient (CS-coefficient), which quantifies the maximum
proportion of cases that can be dropped in subsetting boot-
strap to retain highly correlated (r > 0.7) to the original
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centrality. As per Epskamp et al. (2018)’s suggestion, the CS-
coefficient should be at least 0.25 and preferably above 0.5 for
the order of centrality to be stable and interpretable. In
addition, node centrality difference tests were conducted to
examine whether the symptoms differed significantly from
each other in centrality estimates.

Sex comparisons. Sex differences in global connectivity
and local connectivity were tested, respectively. Global con-
nectivity was compared between the networks of girls and boys
using a permutation test that repeatedly calculates the differ-
ence in sum connectivity between two groups for randomly
regrouped individuals (1,000 times), based on the gLASSO
procedure with the EBIC hyperparameter set at 0.5. Supple-
mentary analyses examined whether the difference also held in
unregularized partial correlation (i.e., concentration) and
association networks. The preceding comparisons were imple-
mented in a modified version of the R package NetworkCom-
parisonTest (Jones, 2018b; Van Borkulo, 2016). Local
connectivity, indicated by each node’s strength centrality,
was compared between two groups based on the mean
centrality statistics derived from the bootstrapped networks
in stability estimation. Effect sizes were calculated for identi-
fication of nodes with large differences (Cohen’s d > 0.8;
Cohen, 1988) in centrality across groups.

Results
Network, centrality, and stability estimations

The networks of PTSD symptoms in girls and boys
are shown in Figure 1A,B, respectively. Most symp-
toms were positively connected within both net-
works. More edges were estimated to be >0 in girls’

network (83 of 136 possible edges; 61.0%) than in
boys’ (66; 48.5%). The edge stability estimation
revealed that although there were considerable
overlaps among the 95% CIs of edge weights (see
Appendix S2), nonoverlapped CIs also existed and
many of the strongest edges were significantly
stronger than most other edges in the network (see
Appendix S3), suggesting a moderate stability of the
estimated networks.

Symptoms varied in the order of node strength
centrality (see Figure 2), and this order was stable
and interpretable because the CS-coefficient
exceeded the preferable value of 0.5 (0.59/0.52 in
girls/boys). Among girls, detachment, flashbacks,
avoiding activities/people, and intrusive recollec-
tions appeared to be the most strongly connected
symptoms (standardized estimates nearing/exceed-
ing 1). Among boys, such symptoms included flash-
backs, physiological cue reactivity, diminished
interest, and foreshortened future. These symptoms
were statistically stronger than almost half of the
others (see Appendix S4), further favoring their
relatively high centrality in the network. The corre-
lation between node strength and variance was
nonsignificant (r = �.01/�.08 in girls/boys,
p > .05), which suggests that differential variability
across symptoms does not pose a problem for
interpreting this centrality. Supplementary analyses
showed a similar pattern of node expected influence
(see Appendix S5) to that of node strength. The

Figure 1 Networks of posttraumatic stress disorder (PTSD) symptoms in (A) girls and (B) boys. Nodes represent PTSD symptoms (identical
layout of nodes was imposed), and edges represent partial correlations between symptoms. Edge thickness and darkness indicate the
association strength (minimum and maximum edge values were set to be equal across networks), and edge color indicates the correlation
valence (green = positive; red = negative). Symptoms in a given DSM-IV symptom cluster are shown in the same color (aqua = Re-
experiencing; green = Avoidance and Numbing; orange = Increased Arousal). B1 = Intrusive recollections; B2 = Nightmares; B3 =
Flashbacks; B4 = Psychological cue reactivity; B5 = Physiological cue reactivity; C1 = Avoiding thoughts/feelings; C2 = Avoiding activities/
people; C3 = Amnesia; C4 = Diminished interest; C5 = Detachment; C6 = Restricted affect; C7 = Foreshortened future; D1 = Sleep problems;
D2 = Irritability/anger; D3 = Concentration problems; D4 = Hypervigilance; D5 = Exaggerated startle [Colour figure can be viewed at wiley
onlinelibrary.com]
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correlation between these two indices approximated
1 (r = .97/.96 in girls/boys, p < .001).

Sex differences in global connectivity and local
connectivity

The NCT test indicated significantly higher global
connectivity in girls’ network than in boys’ network
(6.62 vs. 5.55; p < .05). Supplementary analyses
showed that this difference also held in concentra-
tion (girls’ vs. boys’: 6.79 vs. 5.98; p < .01) and
association (girls’ vs. boys’: 28.87 vs. 21.82; p < .05)
networks. The node strength indices for girls and
boys were moderately correlated (r = .64, p < .01),
suggesting limited sex comparability of local con-
nectivity. All symptoms significantly differed across
sex (see Table 1), with the majority (12 of 17 symp-
toms; 70.6%) exhibiting higher centrality in girls
than in boys. Girls had markedly higher centrality
indices on intrusive recollections, avoiding activi-
ties/people, detachment, irritability/anger and con-
centration problems compared with boys (with a
particularly large effect size). Boys only had higher
centrality indices than girls on nightmares, physio-
logical cue reactivity, avoiding thoughts/feelings,
diminished interest and foreshortened future (all
with a large effect size).

Discussion
This study illustrated sex differences in global and
local connectivity of adolescent PTSD symptoms
from a network perspective. The PTSD symptom
network of girls was more densely connected than
that of boys. The connectivity of individual symp-
toms and its rankings differed by sex, with some
symptoms exhibiting markedly higher centrality in
girls’ network, whereas some others in boys’. These
findings may enhance our understanding of sex

differential risk and features of youth’s PTSD symp-
tomatology and may underline the need to consider
sex as a factor in research and clinical practice.

The hypothesis that global connectivity would be
stronger in girls’ network than in boys’ was sup-
ported, which echoes previous findings of females’
higher PTSD risk (e.g., Alisic et al., 2014; D€uckers &
Olff, 2017), and adds to this literature with new

–2

–1.5

–1

–0.5

0

0.5

1

1.5

2

2.5

B1 B2 B3 B4 B5 C1 C2 C3 C4 C5 C6 C7 D1 D2 D3 D4 D5

Girls Boys

Figure 2 Standardized estimates of node strength centrality in girls and boys. B1 = Intrusive recollections; B2 = Nightmares; B3 =
Flashbacks; B4 = Psychological cue reactivity; B5 = Physiological cue reactivity; C1 = Avoiding thoughts/feelings; C2 = Avoiding activities/
people; C3 = Amnesia; C4 = Diminished interest; C5 = Detachment; C6 = Restricted affect; C7 = Foreshortened future; D1 = Sleep problems;
D2 = Irritability/anger; D3 = Concentration problems; D4 = Hypervigilance; D5 = Exaggerated startle [Colour figure can be viewed at wiley
onlinelibrary.com]

Table 1 Comparison of mean node strength centrality across
sex

Symptoms

M (SD)a

p
Effect size
(Cohen’s d)bGirls Boys

B1 1.00 (0.12) 0.64 (0.13) <.001 2.93
B2 0.76 (0.09) 0.90 (0.11) <.001 �1.41
B3 1.20 (0.11) 1.16 (0.13) <.001 0.33
B4 0.91 (0.11) 0.80 (0.15) <.001 0.85
B5 0.94 (0.11) 1.05 (0.14) <.001 �0.83
C1 0.53 (0.09) 0.64 (0.14) <.001 �1.00
C2 0.98 (0.11) 0.75 (0.14) <.001 1.81
C3 0.63 (0.14) 0.38 (0.17) <.001 1.62
C4 0.82 (0.08) 1.00 (0.13) <.001 �1.69
C5 1.30 (0.11) 0.85 (0.13) <.001 3.71
C6 0.64 (0.09) 0.58 (0.13) <.001 0.52
C7 0.83 (0.12) 0.94 (0.14) <.001 �0.83
D1 0.73 (0.10) 0.57 (0.13) <.001 1.37
D2 0.66 (0.09) 0.43 (0.13) <.001 2.05
D3 0.54 (0.11) 0.27 (0.13) <.001 2.13
D4 0.67 (0.13) 0.60 (0.19) <.001 0.47
D5 0.66 (0.09) 0.52 (0.12) <.001 1.36

B1 = Intrusive recollections; B2 = Nightmares; B3 = Flash-
backs; B4 = Psychological cue reactivity; B5 = Physiological cue
reactivity; C1 = Avoiding thoughts/feelings; C2 = Avoiding
activities/people; C3 = Amnesia; C4 = Diminished interest; C5
= Detachment; C6 = Restricted affect; C7 = Foreshortened
future; D1 = Sleep problems; D2 = Irritability/anger; D3 =
Concentration problems; D4 = Hypervigilance; D5 = Exagger-
ated startle.
aBased on the 1,000 bootstrapped networks.
bPositive/negative effect sizes indicate that girls’ networks
have higher/lower values than boys’ networks.
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insights from a network theory of psychopathology.
The preceding theory argues that mental disorders
arise and endure due to the presence of hysteresis, a
phenomenon characterized by self-reinforcing loops
of symptom activation despite the disappearance of
triggering events; and this hysteresis is more likely to
occur in strongly connected networks (Borsboom,
2017; McNally, 2017). Based upon this viewpoint,
our finding suggests that after a traumatic event
(e.g., a disaster) has subsided, females tend to
display a more strongly connected network of PTSD
symptoms compared to males and may thus be more
prone to the hysteresis that contributes to the
persistence of this disorder. Accordingly, our finding
and its interpretation can help to explain, at least
partly, the chronic PTSD symptoms more commonly
observed in women and girls (e.g., La Greca et al.,
2013; Pietrzak et al., 2014). Nevertheless, since
network studies examining sex disparities in PTSD
symptom connectivity are in their infancy, replica-
tions of our finding in other populations especially
trauma-exposed adults are warranted. Explanations
for females’ higher vulnerability to a strongly con-
nected PTSD network, such as their dysfunctional
psychobiological systems of trauma reactions (re-
viewed in Olff, Langeland, Draijer, & Gersons, 2007),
are also worthy of future exploration.

As hypothesized, symptoms varied in local connec-
tivity by sex, which expands the existing literature on
sex differences in PTSD symptomatology, from a
perspective of symptom significance to this disorder
(Borsboom, 2017). The inverse patterns of sex differ-
ences in intrusive recollections and nightmares’ cen-
trality corroborate the distinction between these two
symptoms (Brewin, Gregory, Lipton, & Burgess,
2010), and imply symptom and sex specificities in
re-experiencing symptoms’ roles in the dynamics of
PTSD symptomatology (e.g., Solberg, Birkeland, Blix,
Hansen, &Heir, 2016). Our finding that physiological
cue reactivity and foreshortened future emerged as
highly central symptoms exclusively to boys’ network,
coupled with prior ones of their highest centrality in
predominantly male samples (Armour et al., 2017;
Bryant et al., 2017), adds to the sparse evidence of
male-specific symptom prominence in PTSD. Con-
versely, avoiding activities/people, one of female-
specific psychobiological responses to trauma (Olff
et al., 2007), was a strong node only for girls, sug-
gesting that such avoidance-based copingsmay func-
tion more largely in females’ PTSD. Diminished
interest and detachment featured relatively high cen-
trality in boys and girls, respectively. Althoughboth of
them have been previously identified as central to
PTSD network (Fried et al., 2018), little is known
about whether and how sex moderates their signifi-
cance to this disorder. Future research addressing
this issue would shed more light on the current
findings. All increased arousal symptoms, despite
exhibiting sexdifferences, appeared tobemarginal for
both sexes, paralleling a prior finding that none of

themwas among themost central symptoms in youth
(Russell et al., 2017). In contrast, some of them
demonstrated the highest centrality in adult samples
(Bryant et al., 2017;McNally et al., 2015), whichmay
reflect developmental differences in local connectivity
of PTSD symptoms, particularly involving hyper-
arousal. Also noteworthy is the one highly central to
both girls’ and boys’ networks: flashbacks. This
symptom is theoretically assumed to influence many
others (Brewin et al., 2010; Ehlers & Clark, 2000),
and its prediction of chronic PTSD has also been
empirically confirmed (Galatzer-Levy, Karstoft, Stat-
nikov, & Shalev, 2014). However,merely a few studies
have so far indicated its highest centrality in PTSD
network (Armour et al., 2017), necessitating further
investigations for a nuanced understanding of its
significance to this disorder.

This study potentially provides some rationales for
taking sex differences into account when dealing
with PTSD. Our finding of girls’ stronger connectivity
of overall symptoms, indicating less positive pro-
spects for recovery (Van Borkulo et al., 2015) com-
pared to boys, may suggest female priority for
treatment. The finding that girls and boys differed
in highly central symptoms that are theoretically
crucial to the disorder persistence (Borsboom,
2017), may speak to sex specificity in symptom-
targeted interventions. Of note, like most other
network studies, this study depicted cross-sectional,
group-level associations between symptoms. Such
associations at the population level may be different
from associations at the individual level. Cross-
sectional networks, based on between-person vari-
ance, would be useful to show whether and how
symptoms co-occur across cases; while dynamic
networks, in which within-person, time-lagged asso-
ciations between symptoms are estimated using
multilevel vector autoregressive models, would be
informative for over-time symptom interplays within
individuals (discussed by Bos et al., 2017; Bos &
Wanders, 2016). Given the debate as to whether
group-level results can be extrapolated to the indi-
vidual level (Bos & Wanders, 2016; Van Borkulo,
Borsboom, & Schoevers, 2016), interpreting our
findings for individual adolescents should be cau-
tious. Also, more empirical evidence of PTSD symp-
tom centrality as predictive of chronic PTSD at
follow-up (e.g., Haag et al., 2017) should be provided
before applying our findings of highly central symp-
toms in clinical practice (e.g., treating them as
urgent targets).

Several study limitations point to directions for
future research. First, our utilization of a specific
cultural (i.e., Chinese) sample exposed to a specific
traumatic event (i.e., a disaster) might limit the
generalizability of our findings, though there has
been initial evidence of PTSD networks’ generaliz-
ability across culture and trauma type (Fried et al.,
2018). More general conclusions would be drawn
from replications in other cultural samples with
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other traumatic experiences. Second, PTSD symp-
toms were assessed by self-report measurement (i.e.,
the PTSD-RI) alone. Although its good diagnostic
utility has been demonstrated (Steinberg et al.,
2004), future studies using structured clinical inter-
views are still warranted. Third, as precedingly
discussed, our analyses were based on cross-sec-
tional, group-level data. Longitudinal intraindividual
analyses are therefore needed to verify the general-
izability of our results to the individual level, and to
identify symptoms that exhibit the highest out-
strength centrality and may thus strongly influence
others over time. Finally, our assessment of PTSD
symptoms was based on DSM-IV criteria. Since three
symptoms (i.e., persistent distorted blame of self or
others for trauma, pervasive negative emotional state
and reckless or self-destructive behavior) were newly
included in DSM-5 criteria for this disorder, there
remains a fertile ground for additional investigations
on these symptoms’ connectivity potentially moder-
ated by sex.

Conclusion
To the best of our knowledge, this is the first study to
elucidate sex issues in youth’s PTSD network char-
acteristics. Preliminary evidence is present for sex
inequity in overall symptom connectivity, and sex
specificity in individual symptoms’ connectivity and
in highly central symptoms. From a network per-
spective of recent burgeoning interest, this study
offers novel insights into sex differences in youth’s
PTSD symptomatology, and encourages more con-
sideration of these differences in research and clin-
ical practice.
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Key points

� The network approach to psychopathology would offer novel insights into sex differences in youth’s PTSD
symptomatology, from a perspective of symptom connectivity.

� The PTSD symptom network of girls was more densely connected than that of boys; and individual
symptoms’ connectivity and its rankings differed by sex, with some symptoms exhibiting markedly higher
centrality in girls’ network, whereas some others in boys’.

� These findings may enhance our understanding of sex differential risk and features of youth’s PTSD
symptomatology.

� In research and clinical practice, more consideration should be given to sex differences in the co-
occurrence of PTSD symptoms.
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