
BASIC RESEARCH ARTICLE

Network analysis of PTSD in college students across different areas after the 
COVID-19 epidemic
Rui Sun, Junjun Qi, Jiali Huang and Xiao Zhou

Department of Psychology and Behavioral Sciences, Zhejiang University, Hangzhou, P.R. China

ABSTRACT
Background: Various studies have examined the psychological ‘typhoon eye’ and ‘ripple’ 
effects in mental disorders following COVID-19. However, these studies only considered the 
disorders as entities and assessed severity, and overlooked the differences in specific symp-
toms of disorders.
Objectives: This aim of the study is to assess the psychological typhoon eye and ripple effects 
at the symptom-level in posttraumatic stress disorder (PTSD), which is considered as a common 
psychopathology following the COVID-19 epidemic.
Method: In total, 1150 undergraduates, including 271 students from the Hubei province (e.g. 
epidemic centre) and 879 students from other provinces, completed the self-report question-
naire. The networks were estimated and compared using the R packages.
Results: Although the PTSD networks of Hubei and non-Hubei undergraduates were similarly 
connected and shared some symptoms with high centrality (e.g. flashbacks, irritability and 
anger), there were differences across the networks. Distorted cognition and no positive emo-
tion only exhibited high centrality in the Hubei network. Physiological responses and exag-
gerated startle only exhibited high centrality in the non-Hubei network.
Conclusion: These findings suggested that the psychological typhoon eye and ripple effects 
may co-exist at the symptom level. Targeted and distinct psychological services for college 
students in Hubei and non-Hubei provinces should be emphasized following COVID-19.

Análisis de la red de TEPT en estudiantes universitarios en diferentes 
áreas después de la epidemia de COVID-19
Antecedentes: Varios estudios han examinado los efectos psicológicos del ‘ojo del huracán’ 
y del ‘efecto dominó’ en los trastornos mentales posteriores al COVID-19. Sin embargo, estos 
estudios solo consideraron los trastornos como entidades y evaluaron la gravedad, pasando 
por alto las diferencias en los síntomas específicos de los trastornos.
Objetivos: El objetivo del estudio es evaluar los efectos psicológicos del ojo del huracán y el 
efecto dominó a nivel de los síntomas en el trastorno de estrés postraumático (TEPT), que se 
considera una psicopatología común después de la epidemia de COVID-19.
Método: En total, 1150 estudiantes de pregrado, incluyendo 271 estudiantes de la provincia de 
Hubei (por ejemplo, centro de la epidemia) y 879 estudiantes de otras provincias, completaron 
el cuestionario de autoinforme. Las redes se estimaron y compararon utilizando los paquetes R.
Resultados: Aunque las redes de TEPT de estudiantes universitarios de Hubei y que no eran de 
Hubei estaban conectadas de manera similar y compartían algunos síntomas con alta centra-
lidad (por ejemplo, flashbacks, irritabilidad e ira), hubo diferencias entre las redes. La cognición 
distorsionada y sin emoción positiva solo mostraron una alta centralidad en la red de Hubei. Las 
respuestas fisiológicas y el sobresalto exagerado solo exhibieron una alta centralidad en la red 
que no era de Hubei.
Conclusión: Estos hallazgos sugirieron que los efectos psicológicos del ojo del huracán y el 
efecto dominó pueden coexistir al nivel de los síntomas. Se deben enfatizar los servicios 
psicológicos específicos y distintos para los estudiantes universitarios en las provincias de 
Hubei y que no eran de Hubei después de COVID-19.

COVID-19疫情后不同地区大学生PTSD的网络分析
背景: 各种研究考查了COVID-19后精神障碍的心理‘台风眼’和‘涟漪’效应° 但是, 这些研究仅将 
疾病视为实体评估其严重性, 而忽略了特定疾病症状的差异° 目的: 本研究旨在评估COVID-19疫情后的常见的精神障碍——创伤后应激障碍 (PTSD) 在症 
状水平上的心理台风眼和涟漪效应° 
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HIGHLIGHTS
• Irritability and anger flash-

backs showed high levels 
of strength in both net-
works. 

• Distorted cognition and no 
positive emotion were the 
most central symptoms 
only in the Hubei network. 

• Physiological responses 
and exaggerated startle 
exhibited higher strength 
only in the non-Hubei net-
work. 

• There was no significant 
difference in global con-
nectivity between Hubei 
and non-Hubei PTSD 
network.
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方法: 共计1150名大学生, 包括271名湖北省 (例如疫情中心) 的学生和879名其他省份的学生, 
完成了自我报告问卷° 使用R包对网络进行估计和比较° 结果: 尽管湖北省和非湖北省大学生的PTSD网络具有相似的连接, 并共享一些高中心性症状 
(例如, 闪回, 易激惹和愤怒), 网络之间存在差异° 认知歪曲, 没有积极情绪仅在湖北网络中表 
现出高中心性° 生理反应和过度的惊跳反应只在非湖北网络中表现出高中心性° 结论: 这些发现表明心理台风眼和涟漪效应可能在症状水平上并存° 在COVID-19之后, 应强调 
针对湖北省和非湖北省大学生有针对性和区别性的心理服务° 

1. Introduction

The coronavirus disease 2019 (COVID-19) epidemic 
represented the first serious emergent public health 
crisis since the severe acute respiratory syndrome 
(SARS) outbreak. When a crisis threatens people’s 
lives, it may bring a series of negative psychological 
reactions. In the context of COVID-19, this was 
exacerbated by the high infectivity and fatality rates. 
Psychological problems in people following COVID- 
19 have attracted a large amount of research interest. 
A key focus area is posttraumatic stress disorder 
(PTSD), which is considered a common negative 
outcome in this context (Kang et al., 2020; 
Karatzias et al., 2020). For example, one study 
reported that the prevalence of PTSD was 12.8% 
(Liang et al., 2020), and Tang, Hu et al. (2020) 
found that 2.7% of undergraduate students in 
Chongqing and Chengdu cities reported PTSD. In 
addition, Liu et al. (2020) investigated adults in 
China’s hardest-hit area (i.e. Wuhan city) and 
found that 7.0% of adults were identified as probable 
PTSD cases following COVID-19.

Although the majority of available studies assessed 
the prevalence of PTSD following COVID-19, there is 
no consensus on this issue. A possible explanation is 
that different studies selected different participants in 
distinct areas, and the distance from the trauma epi-
centre may have various effects on PTSD (Wozniak 
et al., 2020). Two important but diametrically opposite 
mechanisms have been proposed to explain these 
effects. One mechanism is the psychological ‘ripple 
effect’ (Slovic, 1987), wherein a ripple is a vivid meta-
phor for the impact of risks associated with a crisis. 
For example, when a rock sinks to the bottom of a pool 
of water, the point of impact has the biggest wave and 
the wave then decreases with increasing distance from 
that point. That is, the nearer people are to the risk 
centre, the stronger their negative emotions (Slovic, 
1978). Frans, Åhs, Bihre, and Åhs (2018) explained 
this phenomenon as a conditional response, wherein 
the defensive responses of people closer to the epicen-
tre were more likely to be reinforced by repeated 
exposure to trauma-related cues. Consequently, 
extinction of these memories and conditioned fear 
were exhibited, which is considered an important 
risk factor for PTSD. Research has shown that parti-
cipants from the area hardest-hit by COVID-19 

(Wuhan city) exhibited the most serious psychological 
symptoms (e.g. anxiety, insomnia), followed by people 
from the rest of Hubei and those from non-Hubei 
areas (Zhu et al., 2020).

In contrast to the psychological ‘ripple’ effect, the 
psychological ‘typhoon eye’ effect suggests that people 
may become calmer as the traumatic event is 
approached (Li et al., 2009). In this context, cognitive 
dissonance theory indicates there was a conflict 
between living in the devastated area and the idea 
that the devastated area was dangerous (Festinger & 
Carlsmith, 1959). As people in the devastated area 
found it hard to migrate to other places, they had to 
change their cognition of residence for their adjust-
ment. Therefore, they might feel that the devastated 
area was not dangerous. However, people living in 
non-devastated areas might insist that the risk centre 
was dangerous because of the lack of such conflict. 
Research has demonstrated that people in areas hard-
est-hit by disasters showed fewer psychological symp-
toms than those in periphery areas of disasters (Tang 
et al., 2020; Xie, Stone, Zheng, & Zhang, 2011; Zheng 
et al., 2015).

Irrespective of these two contrasting theories and 
associated findings, we noted that previous studies 
focused on the incidence and severity of psychological 
disorders (Liang et al., 2020; Liu et al., 2020; Salehi 
et al., 2021; Tang, Zhang et al., 2020), and explained 
the difference in people’s psychological reaction in 
distinct areas from a latent disorder level (e.g. Li 
et al., 2009; Slovic, 1987). However, those studies had 
several limitations. First, they tended to consider 
a disorder an entity. Such studies were based on the 
commonsense hypothesis that a disorder can be con-
sidered a latent construct that gives rise to a set of 
symptoms (Armour, Fried, Deserno, Tsai, & Pietrzak, 
2017; Borsboom & Cramer, 2013). In contrast to that 
hypothesis, network theory assumes that disorders are 
constructed based on the dynamic interactions of 
symptoms, and each symptom has its own function 
(Borsboom & Cramer, 2013; Robinaugh, Hoekstra, 
Toner, & Borsboom, 2020). A disorder is visualized 
with nodes and edges, which represent symptoms and 
the connections between these symptoms, respec-
tively. In a symptom network, the importance of 
a symptom is highlighted by centrality. Symptoms 
with high centrality usually affect or influence other 
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symptoms. Mental disorders arise when groups of 
symptoms actively maintain each other, leading to 
a cluster of psychopathological symptoms that 
becomes self-sustaining (Borsboom, 2017). Network 
theory suggests that differences in disorders among 
people from distinct areas may also reflect differences 
in specific symptoms, especially symptom centrality or 
connectivity.

Second, both the psychological ‘typhoon eye’ effect 
and the ‘ripple’ effect were developed from the per-
spective of the disorder as a whole. However, in terms 
of specific symptoms, some symptoms within 
a disorder may exhibit a psychological ‘typhoon eye’ 
effect, whereas others may exhibit a ripple effect. For 
example, people near the SARS epicentre exhibited 
higher levels of worry or fear during the outbreak 
than those further from the epicentre, suggesting 
a psychological ‘typhoon eye’ effect for anxiety symp-
toms (Xie et al., 2011). However, people in the area 
worst hit by COVID-19 were found to have more 
depressed affect than people in other areas (Tang, 
Hu et al., 2020), indicating the existence of a ripple 
effect. Therefore, we hypothesized that the two effects 
may co-occur within individuals at the symptom level.

A network analysis approach is an alternative way to 
address the limitations in the studies discussed above. 
As a new method, network analysis has been widely 
used to clarify the structure of PTSD and identify its 
core symptoms (Price, Legrand, Brier, & Hébert- 
Dufresne, 2019; Ross, Murphy, & Armour, 2018). 
However, no research has investigated the influence of 
trauma proximity, although individuals who were clo-
ser to a traumatic event may develop more posttrau-
matic stress symptoms than those further from the 
event (Wozniak et al., 2020). Therefore, the influence 
of trauma proximity on the PTSD network remains 
unclear. In addition, although PTSD networks have 
been examined in many studies (Armour et al., 2017; 
Bartels et al., 2019; Fried et al., 2018; Greene, Gelkopf, 
Epskamp, & Fried, 2018; Lazarov et al., 2019; Ross et al., 
2018), no study has examined PTSD networks following 
a public health crisis. However, it is widely acknowl-
edged that trauma type is a critical risk factor for PTSD 
(Hetzel-Riggin & Roby, 2013; Kessler et al., 2017). 
A public health crisis differs from human-made trauma 
or natural disasters, and has some unique features. For 
example, it usually breaks out suddenly and has huge 
and far-reaching impact on the public. In addition, the 
high infectivity and incubation period makes diseases 
such as COVID-19 risky and uncontrollable, which 
may interfere with people’s basic coping strategies. In 
this context, people were forced to adopt new 
approaches to deal with the crisis (Horesh & Brown, 
2020). To eliminate the chance of being infected with 
COVID-19, people were advised to stay at home. 
However, personal quarantine may inhibit social sup-
port, which is a critical protective factor for PTSD (Blais 

et al., 2021; Nickerson et al., 2017). To advance these 
issues, we applied network analysis with PTSD. This 
will not only shed light on the relationship between the 
symptoms, but will also help to inform treatment prio-
rities and improve treatment efficiency. The aims of this 
study were to: 1) estimate two PTSD symptom net-
works in two samples from Hubei and non-Hubei 
areas; 2) identify core symptoms in the two networks; 3) 
compare the two networks to assess the influence of 
distance on symptom association underlying the disor-
der and extend assumptions about the psychological 
typhoon eye and ripple effects.

2. Methods

2.1. Participants and procedures

This study was started on 9 May 2020, when COVID-19 
was under control and alleviated in China. We con-
ducted an Internet-based survey to assess psychological 
responses among college students because many uni-
versities had remained closed to reduce the likelihood of 
teachers and students being infected with COVID-19. 
The survey was administered via the WeChat platform, 
which is a free messaging and calling app commonly 
used in China. We contacted college counsellors and 
asked them to distribute the questionnaires to their 
students for completion. The response rate in this 
study was 86.92%. The exclusion criteria were: 1) miss-
ing area information; 2) participants who were graduate 
students; and 3) participants who did not answer care-
fully (e.g., choose the same option for all items). With 
this method, we recruited 1150 participants across sev-
eral provinces in China; 271 students from Hubei pro-
vince and 879 students from other provinces. Of the 
participants from Hubei province, 53.9% were female 
and the mean age was 19.95 (standard deviation 
[SD] = 1.85) years. Of participants from other pro-
vinces, 51.8% were female and the mean age was 20.33 
(SD = 1.39) years. Preliminary analysis indicated a sig-
nificant difference between Hubei and non-Hubei par-
ticipants (t = −1.964, p = 0.050, df = 1148).

This project was approved by the Research Ethics 
Committee of the School of Medicine, Zhejiang 
University (No. 2019-051). Informed consent was 
obtained from all participants. No compensation was 
provided to participants, and graduate students were 
excluded from this study.

2.2. Measures

2.2.1. PTSD
Participants were asked to complete the self-report 
PTSD Checklist from the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-5) 
(Weathers, 2013). This is a 20-item self-report scale 
designed to assess the occurrence and frequency of 
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PTSD symptoms in relation to an event experienced 
by an individual. In the present study, participants 
rated the frequency of PTSD symptoms during the 
last 2 weeks on a 5-point scale from 0 (not at all/only 
once) to 4 (almost every day). The instrument has four 
subscales: intrusions, negative cognition and emotion 
alteration, avoidance, and hyperarousal. The sum of 
the subscale scores provides an estimation of overall 
PTSD severity score. To improve the validity of the 
measurement, we used COVID-19 as the item descrip-
tion. Cronbach’s α values for the Hubei group, non- 
Hubei group, and total sample were 0.95, 0.96, and 
0.96, respectively.

2.3. Data analysis

2.3.1. Network estimation and visualization
We estimated regularized partial correlation net-
works based on the Gaussian graphical model using 
the R-package qgraph (Epskamp et al., 2012). The 
networks comprised nodes and edges, which repre-
sented the symptoms and association between two 
symptom nodes, respectively. The thickness of an 
edge reflected how closely the two symptoms were 
partially correlated and indicated the relationship 
between those two nodes independent of other 
nodes. We applied the graphic least absolute shrink-
age and selection operator (GLASSO) as the penali-
zation factor to remove some weak edges in the 
network graph. The tuning parameter (λ) was set at 
0.5. We used the Fruchterman-Reingold algorithm 
for network visualization (Fruchterman & Reingold, 
1991). With this method, stronger associations were 
depicted as thick edges and highly correlated nodes 
were arranged in closer proximity. Missing data were 
excluded from these analyses.

2.3.2. Stability
The stability of the network comprises edge stability 
and node centrality stability. Using the R-package 
bootnet (Epskamp et al., 2018), we sampled the data 
1000 times with replacement, and then generated 
a distribution for the edge weight. The edge stability 
was represented by the 95% confidence interval (CI). 
Large and overlapping CIs indicated poor stability. 
Node centrality stability was characterized by the cor-
relation stability (CS) coefficient using subset boot-
straps, which resulted in dropping some participants 
and re-estimating the network. The CS coefficient 
means that the maximum percentage of the sample 
can be dropped, while the new network and the origi-
nal network remain highly correlated. The threshold 
of the correlation coefficient was set at 0.7. Therefore, 
in this study, the CS coefficient equalled the maximum 
percentage of original participants when the correla-
tion between the original and new networks was 
higher than 0.7. It is recommended that the CS 

coefficient should be above 0.5 and not below 0.25 
(Epskamp et al., 2018).

2.3.3. Centrality
As the closeness and betweenness were suggested to be 
unstable (Epskamp et al., 2018), centrality was mea-
sured only by the strength, quantified by the sum of 
the absolute value of the edge weight between a node 
and all of its neighbour nodes. With R-package boot-
net (Epskamp et al., 2018), we plotted the normalized 
value of strength for each node in both networks. 
Higher strength values indicated a stronger influence 
on other symptoms. In addition, we conducted boot-
strap analysis with resampling 1000 times to investi-
gate differences in the centrality between a node and 
other nodes in each network.

2.3.4. Network comparisons
Following Lazarov et al. (2019), we used simple random 
sampling to select 271 cases from the non-Hubei group 
to equalize the number of cases compared. Next, we 
tested the difference between the PTSD networks in the 
Hubei and non-Hubei groups using the R-package NCT 
(Van Borkulo, 2016). Network structure across groups 
was tested using the omnibus test, which calculates the 
invariance of the network. We also calculated the dif-
ference in global connectivity for 1000 times with the 
EBIC parameter set at 0.5, following the GLASSO pro-
cedure. Specifically, this evaluated the null hypothesis 
that the network connectivity was similar in the ran-
domly regrouped permutations of participants. We also 
compared local connectivity across the Hubei and non- 
Hubei networks using the mean strength derived from 
the bootstrapped results in the stability assessment.

3. Results

3.1. Regularized partial correlation networks

The PTSD symptom networks of the Hubei and non- 
Hubei groups are depicted in Figures 1 and 2, respectively. 
Figure 3 shows the centrality in the two networks. The 
correlations between the centrality values and their stan-
dard deviations in the Hubei and non-Hubei networks 
were 0.26 (p = .33) and −0.17 (p = .51), respectively. For 
the PTSD network in the Hubei group, we found that 
except for a weak edge for sleep disturbances-to-amnesia, 
all associations in this network were positive. The CS 
coefficient for strength in this network was 0.36 (see 
Figure S1, online supplementary data), which was consid-
ered acceptable in our standard. The edge weight accuracy 
is depicted in Figure S2, online supplementary data. Strong 
edges emerged for numb-to-flashbacks, sleep distur-
bances-to-recurrent dreams, negative beliefs-to- 
avoidance of external reminders, recurrent dreams-to- 
exaggerated startle, and diminished interest-to-negative 
beliefs. In this network, symptoms with the highest 
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centrality included irritability and anger, distorted cogni-
tions, no positive emotion, and flashbacks.

In the non-Hubei group network, most edges were 
positive. The edge weight accuracy is depicted in Figure 
S3, online supplementary data. The CS coefficient for 
strength was 0.60 (see Figure S4, online supplementary 
data), indicating that the non-Hubei network was highly 
stable. There were strong edges for diminished interest- 
to-negative beliefs, sleep disturbances-to-recurrent 
dreams, reckless behaviour-to-distorted cognitions, 
flashbacks-to-physiological responses, and detachment- 
to-no positive emotion. In the non-Hubei network, 
symptoms with the highest centrality were flashbacks, 
irritability and anger, physiological responses, and 

exaggerated startle. It is worth noting that the bootstrap 
results showed few significant differences between the 
centrality of symptoms in both networks (see Figures S5 
and S6, online supplementary data). Therefore, the order 
of centrality should be interpreted with caution.

3.2. Network comparison

The network comparison test revealed that the net-
work structure of the Hubei group was similar to that 
of the non-Hubei group (M = 0.23, p = 0.74). The 
difference in global connectivity in the two networks 
was not significant (S = 0.04, p = 0.79). Next, we 

Figure 1. PTSD network for Hubei.

Figure 2. PTSD network for non-Hubei areas.
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conducted an independent samples t-test to compare 
the local connectivity of each node across groups. The 
results are shown in Table 1. Except for some symp-
toms in the NACM and arousal cluster (e.g. dimin-
ished interest, sleep disturbances), most nodes showed 
higher strength in the non-Hubei network.

4. Discussion

To our knowledge, this was the first study to examine 
and compare undergraduate students’ DSM-5-based 
PTSD networks between the COVID-19 epidemic centre 
(Hubei group) and other areas (non-Hubei group). We 
found the symptoms with high centrality differed 

between the two networks. Distorted cognition and no 
positive emotion appeared to be the most central symp-
toms in the Hubei PTSD network, but their characteristic 
of high strength disappeared in the non-Hubei PTSD 
network. Instead, physiological responses and exagger-
ated startle were the most central symptoms in the non- 
Hubei network. These findings provided new insights 
into the boundaries of the psychological typhoon eye 
and ripple effects, suggesting that these two effects may 
co-occur in individuals at the symptom level. Moreover, 
these findings helped to elucidate the relationship 
between trauma proximity and PTSD symptoms, and 
may inform targeted mental health interventions after 
public health crises.

Figure 3. Network centrality-strength (standardized).
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Consistent with previous studies (Epskamp et al., 
2018; Lazarov et al., 2019; Segal et al., 2020), we 
observed that flashbacks had high centrality in both 
networks with a robust effect. This finding indicated 
that flashbacks may play an important role in the 
development and maintenance of PTSD across differ-
ent trauma types. Therefore, the flashback symptom 
should be at the core of intervention plans for PTSD in 
both Hubei and non-Hubei areas following the 
COVID-19 epidemic. Moreover, we found high cen-
trality for irritability and anger in both networks. 
Although Sullivan et al. (2018) reported similar 
results, high centrality of this symptom has rarely 
been reported in PTSD networks in other studies 
(Bryant et al., 2017; Pfeiffer et al., 2019). This incon-
sistent finding may be attributable to the distinctive-
ness of various traumatic events. In this study, we 
focused on COVID-19, which was a major public 
health crisis event with high infectivity and fatality 
rates. Human-to-human transmission of COVID-19 
also meant the public tended to blame infected people 
and generated anger towards them (Trnka & 
Lorencova, 2020). During the COVID-19 outbreak, 
quarantine not only protected people from getting 
infected, but also limited their freedom, which might 
have increased family conflict (Guo, Feng, Wang, & 
van Ijzendoorn, 2020) and led to deteriorated inter-
personal relationships. Subsequently, irritability and 
anger may stand out as a result of inner energy 
accumulation.

Interestingly, we found that the physiological 
responses and exaggerated startle symptoms exhibited 
higher strength in the non-Hubei network than in the 
Hubei network, suggesting that the psychological 
‘typhoon eye’ effect may exist at the PTSD symptom 
level. This variation was also supported by the results 
of the local connectivity comparison, as the strength of 

the two nodes was significantly higher in the non- 
Hubei network. This extended evidence from extant 
studies that the psychological typhoon eye effect 
existed in traumatized individuals in terms of the 
severity of psychological diagnosis (Li et al., 2009; 
Zheng et al., 2015), and suggested this effect may also 
be reflected in the influence of symptoms. 
Undergraduates outside Hubei used various media to 
learn about the COVID-19 situation; unlike under-
graduates in Hubei who could automatically correct 
exaggerated information, the lack of direct experience 
might have led to unnecessary speculation among 
those outside of Hubei. As a result, they might have 
been more sensitive to COVID-19-related cues in their 
daily life. From a theoretical perspective, this result 
echoed the mere exposure theory (Melber et al., 1977). 
That is, repeated and directed exposure to the pan-
demic reduced sensitivity to it. As participants in 
Hubei might have become used to the situation of 
someone around them contracting COVID-19, they 
might have been calmer than participants outside 
Hubei. Therefore, the physiological responses and 
exaggerated startle symptoms would be less likely to 
occur and influence other symptoms in the network.

We also found the psychological ‘ripple’ effect at the 
PTSD symptom level, wherein distorted cognition and 
no positive emotion were the most central symptoms in 
the Hubei network. However, this high centrality dis-
appeared in the non-Hubei network. The results for 
local connectivity showed that no positive emotion 
was stronger in the Hubei network, which was consis-
tent with alterations in core symptoms. This suggested 
that the psychological ripple effect may be reflected in 
both the severity of a psychological diagnosis and the 
influence at the symptom level. This shed light on 
reports from extant studies that the psychological ripple 
effect existed in the severity of psychopathologies (Frans 

Table 1. Comparison of node strength.

Symptom

M(SD)

t p
Effect size 

(Cohen’s d)Hubei Non-Hubei

Intrusion 6 Recurrent dreams 0.85(0.08) 0.92(0.12) −15.35 <.001 −0.69
8 Recurrent memory 0.87(0.09) 0.98(0.08) −28.89 <.001 −1.29
9 Psychological distress 0.91(0.09) 0.86(0.12) 10.54 <.001 0.47
11 Flashbacks 1.07(0.12) 1.16(0.10) −18.22 <.001 −0.81
12 Physiological responses 0.98(0.11) 1.12(0.08) −32.55 <.001 −1.46

Avoidance 3 Avoidance of external reminders 0.76(0.08) 0.92(0.13) −33.15 <.001 −1.48
17 Avoidance of thoughts 1.00(0.08) 0.95(0.09) 13.13 <.001 0.59

NACM 1 Diminished interest 0.96(0.08) 0.80(0.09) 42.02 <.001 1.88
2 Negative beliefs 1.05(0.09) 1.04(0.09) 2.49 .013 0.11
10 Numb 0.95(0.10) 1.04(0.09) −21.16 <.001 −0.95
14 Amnesia 0.77(0.12) 0.96(0.07) −43.25 <.001 −1.93
16 Detachment 0.89(0.08) 1.10(0.10) −51.86 .001 −2.32
19 Distorted cognitions 1.09(0.09) 1.18(0.10) −21.16 <.001 0.95
20 No positive emotion 1.10(0.09) 0.97(0.11) 28.93 <.001 1.29

Arousal 4 Concentration problems 0.77(0.08) 0.76(0.12) 2.19 .028 0.10
5 Sleep disturbances 0.99(0.09) 0.84(0.10) 35.26 <.001 1.58
7 Exaggerated startle 0.96(0.09) 1.14(0.08) −47.27 <.001 −2.11
13 Hypervigilance 0.93(0.08) 0.85(0.08) 22.36 <.001 1.00
15 Irritability and anger 1.15(0.07) 1.02(0.11) 31.53 <.001 1.41
18 Reckless behaviour 0.99(0.09) 0.98(0.08) 2.63 .009 0.12
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et al., 2018). The shattered assumptions theory posits 
that people’s beliefs about the self, others, and the world 
are stable before trauma, but the traumatic event chal-
lenges existing belief systems, thereby causing a series of 
negative psychological reactions (Janoff-Bulman, 2010). 
For participants in Hubei, severe exposure to the pan-
demic led to an imbalance in their stable belief system, 
which might have induced a series of negative beliefs. 
Consequently, negative emotion was more likely to be 
activated.

Although we found differences in specific nodes in 
local connectivity between the two groups of college 
students, the global connectivity of PTSD networks in 
the Hubei and non-Hubei groups was similar, indicat-
ing that psychological interventions for those in non- 
Hubei areas required the same attention as those in the 
Hubei area. Network theory suggests that mental dis-
orders arise because of the presence of hysteresis in 
strongly connected symptom networks, implying that 
symptoms continue to activate each other even after 
the triggering cause of the disorder has disappeared, 
meaning the disorder persists for a long time 
(Borsboom, 2017; McNally, 2016; Robinaugh et al., 
2020). Therefore, the present study indicated that par-
ticipants in both areas might be prone to the hysteresis 
that contributes to the persistence of PTSD. The find-
ing of similar global connectivity of the Hubei and 
non-Hubei PTSD networks has two possible explana-
tions. First, COVID-19 was a worldwide public health 
crisis that affected everyone; therefore, people might 
have similar psychological responses when confronted 
with the disease. Second, the amount of information 
about COVID-19 from various media channels was 
overwhelming. People living non-Hubei provinces 
might have perceived the negative effect of the 
COVID-19 epidemic on others and therefore suffered 
from vicarious trauma (McCann & Pearlman, 1990). 
Consequently, they would exhibit similar PTSD net-
works to people in Hubei.

This study had several limitations that should be 
noted. First, this was a cross-sectional study, and we 
could not draw conclusions about causal relationships 
among these symptoms and elucidate the change ten-
dency of symptoms in the PTSD networks. Second, 
although we divided the sample into a Hubei group 
and a non-Hubei group, the difference in the number 
of participants in the two groups might have influ-
enced the accuracy of our results. Moreover, only 
including a sample of college students exposed to 
COVID-19 limited the generalizability of the present 
results. Finally, the assumptions of node distinctive-
ness and exchanges were not completely met, which 
might affect the accuracy of the results (Bringmann 
et al., 2019; Bulteel et al., 2016; Hallquist et al., 2019).

Despite these limitations, this study examined and 
compared DSM-5 criteria-based PTSD networks in 
undergraduate students between the COVID-19 

epidemic centre and other areas. We found that 
psychological ‘typhoon eye’ and ‘ripple’ effects co- 
existed at the symptom level. Although the global 
connectivity was similar in the two networks, they 
had distinct symptoms with high centrality. Our 
study has extended previous findings of PTSD net-
works after different traumatic events (Li et al., 2009; 
Zheng et al., 2015). In addition, this study clarified 
the effect of distance on PTSD from a network per-
spective. From a practical perspective, it is important 
to highlight that although attention has been directed 
to the mental health status of people in the epicentre, 
people in periphery areas should not be ignored. 
Targeted plans for psychological interventions should 
be emphasized for people in both Hubei and non- 
Hubei areas. In addition to an emphasis on flash-
backs and irritability in both areas, more effort is 
needed to relieve negative alterations in cognition 
and mood for people in Hubei. For people in periph-
eral areas, more attention should be directed to 
relieving intrusive and arousal symptoms.
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