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ABSTRACT 

Symptomatology throughout pandemic: network analysis and latent transition 

analysis of prolonged post-traumatic stress symptoms, depressive symptoms, and 

sleep disturbance 

 

BACKGROUND 

After the declaration of Coronavirus disease 2019 (COVID-19) as a pandemic, it has been 

considered a mass trauma or collective trauma for the general population. Given that those 

who are psychologically affected by the pandemic have outnumbered those who are 

physically infected with COVID-19 and given that experiencing traumatic events could 

trigger a wide variety of psychological distresses, the prolonged COVID-19 pandemic 

could lead to a significant increase in the prevalence of psychiatric comorbidity, especially 

between post-traumatic stress symptoms (PTSS) and depressive symptoms among the 

public. In addition, the symptom-level interplay between PTSS and depressive symptoms 

during the pandemic could cause a tilting pattern for deterioration and improvement of 

comorbidity. Accordingly, capturing the comorbid structure between PTSS and depressive 

symptoms and understanding the mechanisms of comorbid symptoms over time might be 

an intervention point for the public.  
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METHODS 

Participants aged 30–64 years completed an online mental health survey from the 

Cardiovascular and Metabolic Etiology Research Center across three phases of the 

COVID-19 pandemic (Ns= 1925, 1754, 1595). The PTSS and depressive symptoms were 

estimated by online survey versions of the post-traumatic stress disorder Checklist for the 

DSM-5 (PCL-5) and Patient Health Questionnaires-9 (PHQ-9). After the goldbricker test 

for redundancy, we conducted network analyses to find the symptom-level mechanism 

between PCL-5 and PHQ-9 through four steps: 1) network estimation, 2) network inference, 

3) network robustness, and 4) network comparison. To capture the changing patterns of 

comorbid symptoms, we applied latent transition analysis and inferred a significant status 

transition throughout COVID-19 and a possible impact on PTSS/depressive symptoms 

over time, stratified by age and sex. 

RESULTS 

From the comorbidity network, the PCL-5 and PHQ-9 formed two separate communities. 

Moreover, sleep problems were consistently identified as the most influential bridge 

symptom throughout COVID-19, whereas the central symptoms varied. Each structure of 

the comorbidity network was stable but suggested a significant difference between the 

subacute and chronic phases of COVID-19. After building on the network model, we 

conducted latent transition analysis on the bridge symptom, which was sleep problems in 

our study. The sleep problems were defined by scores of nine items of sleep disturbance 
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components among the Pittsburgh Sleep Quality Index. As a result of latent transition 

analysis, the sleep disturbance was categorized as three latent statuses: reference (status 1), 

sleep continuity problems (status 2), and overall sleep problems (status 3). When 

transitioning from the subacute to chronic phase, changing patterns from reference or 

overall sleep problems into sleep continuity problems were primarily reported. This pattern 

showed a significant negative association with PCL-5 and PHQ-9 during the pandemic, 

especially for women and participants aged 50-60 years. Further, the sleep continuity 

problems status had a possible negative impact on PCL-5 and PHQ-9 over time. 

CONCLUSION 

Our results suggest that there might exist a changing pattern in network structure 

throughout the COVID-19 phases, while the bridge symptom, and sleep problems in our 

study, remain constant. In addition, the transition to sleep continuity problems, primarily 

from other sleep disturbances occurred during the time flow from the subacute to chronic 

phases, and this transition has a negative association with PTSS and depressive symptoms. 

Hence, from a public health perspective, if an infectious epidemic situation (i.e., next 

pandemic) arises in the future, prompt screening of associated sleep problems and 

considering its status would be effective as an effort to alleviate both the comorbidity of 

PTSS and depressive symptoms and adverse psychological effects, especially by focusing 

on the tilting point from the subacute to the chronic phase of the pandemic. 

Key words: network analysis, latent transition analysis, post-traumatic stress symptoms, 

depressive symptoms, sleep problems, COVID-19 



1 

 

I. INTRODUCTION 

1. Backgrounds  

Psychological impact during phases of the COVID-19 pandemic 

Coronavirus disease 2019 (COVID-19) first emerged in China in December 2019, and 

within 2 months, it promptly became a pandemic worldwide. The COVID-19 pandemic 

has been considered a mass trauma or collective trauma, that triggered a wide variety of 

psychological distresses, such as anxiety, depression, and post-traumatic stress symptoms 

(PTSS).1 Among the major infectious epidemics that erupted in the twenty-first century, the 

COVID-19 pandemic is comparable to previous infectious diseases, such as Severe Acute 

Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS), which 

had higher infectiousness and global impact. Previous studies about SARS and MERS have 

reported that those who were psychologically infected by the pandemics outnumbered 

those who were physically affected, demonstrating massive impacts on psychological 

health.2-4 Therefore, those who are exposed to the COVID-19 pandemic, including the 

population in general not just infected patients and healthcare workers, might experience 

an adverse effect on psychological health as a stressor. Thus, the prolonged pandemic could 

affect psychological health at society-level, as opposed to merely an individual-level, 

thereby increasing the prevalence of psychological distress as a collective form of intense 

stress. 
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The psychological epidemic of stress caused by COVID-19 may have spread more quickly 

than the pandemic itself, as pandemic-related fear extends to the public.5 Following the 

COVID-19 outbreak, a significant increase in the incidence of psychiatric consequences, 

such as PTSS, depression, anxiety, substance use, suicide, and other mental disorders, was 

expected.6-8 During the first year of the COVID-19 pandemic, psychological distress among 

the public globally was elevated than was before COVID-19.9,10 In particular, PTSS and 

symptoms of mood disorders have been common and considerable during the COVID-19 

pandemic. Several meta-analyses for the general population have shown that the prevalence 

of PTSS during the COVID-19 pandemic was 15% to 18%.11,12 In addition, in the United 

States, nearly 41% of people reported experiencing at least one adverse psychological 

condition, including symptoms of anxiety or depression (30.9%) and PTSS (26.3%).9 

Furthermore, following the shutdown in South Korea, nearly half (47.5%) and one-fifth 

(20.2%) of the Korean population had COVID-19-related anxiety or depression and sleep 

disorders, respectively.13 Prior studies from China, especially those with a focus on 

COVID-19, have verified the high prevalence of PTSS and depression among the public, 

indicating that the prevalence of PTSS and depressive symptoms were 2.7% to 4.6% and 

16.5% to 34.7%, respectively.14-18 Given that PTSS has frequently included comorbidity 

with depressive symptoms and longitudinally those symptoms were prone to increase 

simultaneously, we need to consider the increased comorbidity between PTSS and 

depressive symptoms after the outbreak of COVID-19.19 
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PTSS, depressive symptoms, and comorbidity during the COVID-19 pandemic 

During the COVID-19 pandemic, the public suffered from PTSS as a result of the 

increasing number of infections, the lack of clear and definite information about the virus 

from the media, and implementation of social distancing.20 Given that the COVID-19 

pandemic is a series of traumatic events that causes mass or collective trauma for the 

general population, it is necessary to investigate the characteristics of PTSS following the 

pandemic and its related comorbidities in people who were exposed to the COVID-19 

crisis.1 PTSS frequently co-occurs with other mental disorders. Furthermore, prolonged 

traumatic events may result in comorbid psychiatric conditions in different populations and 

vary according to the type of trauma.18,21-23 Especially, among individuals with PTSS, the 

comorbid depressive symptoms are particularly high and the rates of comorbidity range 

from 21% to 94%.23-29 Even longitudinally, the comorbid structure of PTSS and depressive 

symptoms were prone to move simultaneously.19 Moreover, compared with individuals 

with one mental disorder, those with comorbid PTSS and depressive symptoms are more 

likely to experience deleterious outcomes. These outcomes not only impact the individual, 

but also create a significant social burden. For example, comorbid status reduced social 

functioning and significantly elevated the risk for chronic symptoms and suicide, and 

caused a greater burden through the frequent use of health care.30,31 However, there is no 

consensus to explain the comorbidity of PTSS and depressive symptoms. Thus, capturing 

the comorbid structure between PTSS and depressive symptoms and understanding the 

associated mechanisms might be considered as an intervention point. 



4 

 

As the pandemic has continued for several years, people have adapted to prolonged 

COVID-19, which decreases awareness of the pandemic-related trauma. However, the 

psychological effects of COVID-19 do not go away and may continue to affect people in 

different patterns over time. For example, a Chinese longitudinal study of the general 

population evaluated psychological effects during the early COVID-19 outbreak, including 

PTSS, depression, anxiety, and related comorbidity, and reported high PTSS as well as a 

significant reduction in psychological impact over time.15 Additionally, in a meta-analysis 

of longitudinal cohort studies, overall psychological symptoms showed a slight increase in 

the early phases of COVID-19; however, the severity of psychological symptoms decreased 

significantly over subsequent phases.32 These changing patterns (deterioration and then 

improvement) in psychological symptoms during the different phases of the pandemic may 

represent an acute response to an unexpected traumatic event, which may result from 

psychological adaptation and resilience.33,34 Nonetheless, the specific implication of the 

comorbid structure over time has not been adequately considered. To further investigate 

the association between PTSS and depressive symptoms, our study applied a network 

approach. 

Network approach to PTSS and depressive symptoms 

Psychological symptoms might be interconnected by symptom-level interaction. In 

particular, the network approach has several advantages. First, instead of depending solely 

on a global screening tool or categorical diagnosis, network analysis may contribute to the 

goal of identifying informative symptoms that are primarily related to the clinical condition 
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or prognosis of individuals.35,36 Second, because the network approach is a kind of 

explanatory research, it provides a theoretical framework for understanding psychological 

symptoms.37 The approach is appropriate for psychopathology study because it makes no 

assumptions about a priori causal relationships between nodes; moreover, the connection 

between symptoms could be bidirectional.37 Third, centrality indices of the network 

analysis methodologically examine the role of certain nodes in the network system.37,38 

Therefore, utilizing the network approach to estimate symptom-level interplay might 

provide a source in understanding the comorbid structure between PTSS and depressive 

symptoms. From the clinical perspective, a network approach for an in-depth understanding 

of symptom-level interplay might be novel because psychological symptoms do not 

activate alone. Recently, the network approach has been utilized in psychological 

symptomatology to capture the symptom structures of particular disorders and discern the 

central and/or bridge features between comorbid disorders.37-40 The network analysis 

conceptualizes mental disorders as networks of related psychological symptoms, as 

opposed to the conventional belief that mental disorders cause their associated 

symptoms.37-40 In network analysis, the symptoms are termed nodes, and the computation 

of centrality is quantified by central- or bridge- node centrality indices.26,41 Interpreting the 

node-centrality determines which symptoms are dependent on each other and most relevant 

to a disorder, which reveals the most important target of clinical interventions.42 Therefore, 

central and bridge symptoms represent recommended intervention targets because they 

may promote the deactivation of symptom-level spread of comorbidity.40  



6 

 

According to the network perspective of comorbidity, each psychological symptom is 

associated with dynamic and causal relations which activate each other.26 Identification of 

both central symptoms, because of their key role in the strong associations with the majority 

between-disorder symptoms, and bridge symptoms, because of their mediating role 

between disorders, has some implications. While network analysis can be readily used to 

examine the bridging role of more specific causes of high comorbid rates of PTSS and 

depressive symptoms, few studies included depressive symptoms in their network analysis 

of PTSS.26,43-45 Across studies that implemented comorbidity network models to estimate 

central and/or bridge symptoms, results vary considerably.26,43-46 In some studies of 

veterans, the most central symptoms were having flashbacks, getting emotionally upset by 

trauma reminders, having concentration difficulties, and experiencing anhedonia.26,46 

Estimation of key bridge symptoms to explore between-disorder connections revealed the 

presence of sleep difficulties, avoidance of thoughts, and emotional upset resulting from 

trauma reminders.43-45 Further, when COVID-19 was regarded as a mass or collective 

trauma, reckless and self-destructive behavior acted most centrally as a symptom of PTSS 

in the general population, and depressed mood was the bridge symptom of PTSS and 

depressive symptoms.42,47 These heterogeneous results regarding central and bridge 

symptoms might be explained by the exposure to different types of trauma-related events 

and the observed timing after the traumatic event; therefore, in the face of novel exposure 

to the COVID-19 pandemic, we must consider specific network structures and the patterns 

over time between PTSS and depressive symptoms.  
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However, those networks of psychological symptoms of traumatic events could show 

changing patterns over time. According to previous network analyses in people with PTSS, 

by experiencing trauma-related events, PTSS was activated at the acute phase, and those 

symptoms interacted with each other, making strong connections as time elapsed; finally, 

the symptom connection was reduced while a minority suffered long-term psychological 

problems.36,48,49 For example, one network study of PTSS in earthquake survivors found 

that flashbacks were the most central symptom in all periods, connection between 

reexperiencing and avoiding thoughts arose as PTSS became chronic, and connectivity 

became a threat to mental health.36 Furthermore, veteran post-traumatic stress disorder 

(PTSD) studies revealed that reexperiencing and avoidance clusters have high centrality 

and dynamically change over time.48,49 Thus, understanding the central psychological 

symptoms at the acute phase of a traumatic might provide the potential to understand how 

initial stress symptoms develop into longer-term problems and to consider the early 

intervention strategies as a focus for secondary prevention. From this point of view, deep 

consideration of the bridge symptoms between PTSS and the depressive symptom network 

at an acute phase might offer the opportunity to understand how comorbid symptoms 

interact with each other and develop into comorbidity. In the same vein, as COVID-19 has 

been prolonged for several years, the comorbid structure between PTSS and depressive 

symptoms is likely to have changed; thus, the need to capture the changing patterns of the 

symptom interaction over time is emerging. 
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Sleep problems during COVID-19 

Sleep disorders are common in the general population. Formally, sleep disorders were 

expressed as more than 80 different types in the International Classification of Sleep 

Disorders.50 In the general population, about a third of people have suffered insomnia 

symptoms, and 6% to 15% of people have been diagnosed with insomnia.50,51 Poor sleep 

status is associated with mental and physical disorders and even mortality among the 

general population.52,53 During COVID-19, sleep problems have been quite common and 

have affected about 40% of the general population.54 Given that before COVID-19 sleep-

related difficulties were estimated to be present in between 12% and 18% of the general 

population, the prevalence of sleep problems among the general population might appear 

to be higher during COVID-19.55,56 Similar to these increasing patterns in the prevalence 

of sleep problems, other mental disorders were also prone to be more prevalent and 

increased simultaneously with sleep problems during COVID-19.57 After the outbreak of 

the pandemic, a Chinese study reported a strong association between sleep problems and 

flashbacks, and Saudi Arabian studies have suggested sleep problems are a strong predictor 

of psychological distress such as depressed mood, rumination, and avoidance related to the 

pandemic.42,56 Additionally, a prior systematic study reported that sleep problems were 

found to be associated with higher levels of psychological distress during COVID-19, and 

vice versa.58 Accordingly, associations might differ depending on the profile of sleep 

problems over time after traumatic events, and by capturing the tilting point of the profile, 

psychological distress may be alleviated with the intervention of sleep problems.58 To this 
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point, in-depth understanding of patterns of sleep problems after the pandemic outbreak 

and its impact on psychological symptoms over time might be important for preventing 

possible comorbidities in the general public.59 To further investigate both the changing 

patterns of latent classes in sleep problems across phases of COVID-19 and their possible 

association with PTSS and depressive symptoms over time, we applied a latent transition 

analysis (LTA). 

Latent transition analysis with sleep problems 

Despite the abundance of variable-centered studies on clustering, such as confirmatory 

factor analysis (CFA) and explanatory factor analysis (EFA), there are few person-centered 

studies involving latent class analysis (LCA) and LTA. Recently, researchers have 

highlighted the relevance of repeated measurement in the estimation of psychological 

networks due to the limitations of cross-sectional data.60 Therefore, person-centered 

analysis might provide perspective on how participants might be categorized in accordance 

with their profile of sleep problems.61-63 Further, certain longitudinal studies are needed, 

especially those with a focus on the COVID-19 phases, as this is a time of great change 

globally. Capturing the transition between these sleep profiles over time would go a long 

way to determine future efforts to suggest more targeted interventions to participants with 

specific sleep profiles and to encourage the more efficient use of resources. 

A prior LCA of the Chinese elderly, utilizing part of the Pittsburgh Sleep Quality Index 

(PSQI), suggested four distinct sleep problems profiles: inadequate sleep, disturbed sleep, 
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trouble falling asleep, and multiple problems.64 Although those four profiles showed no 

significant difference in demographics and psychiatric characteristics among the study 

population, the authors proposed that different sleep problems do occur in a rather 

heterogeneous manner among the elderly and they can generally be classified into the four 

different profiles.64 In addition, another LCA of women was conducted to identify latent 

homogeneous subgroups according to seven components of the PSQI, and the authors 

suggested that sleep quality is multifaceted and selected the two-class latent model.65 In a 

study including the United States’ elderly population involving longitudinal data and 

utilizing PSQI, repeated measures of latent profile for sleep quality were estimated as 

homogenous latent profiles across six time points, and two-latent profile patterns were 

derived: consistently good sleepers and chronically poor sleepers.66 Furthermore, cohort 

data for Australian women were consistent for four sleep difficulty profiles: troubled 

sleepers, early wakers, trouble falling asleep, and untroubled sleepers; moreover, those 

profiles proved to be a potential indicator of mortality.67,68 

As shown in these prior studies, LCA is the most commonly used statistical method to 

identify and delineate different profiles of psychiatric disorders in a systematic manner.69-

71 Their findings may offer an interesting preliminary view into how the observed profiles 

can be subtyped. Furthermore, by extension of the LCA, LTA could evaluate the 

longitudinal transition of the observed profiles; however, few studies have utilized the LTA 

to identify a change in repeated measures of sleep disturbances during COVID-19 phases.72   
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2. Objectives of the study 

The primary measures in this study were PTSS, depressive symptoms, and sleep 

disturbances, which are commonly examined psychological consequences in post-trauma-

related research.73 Although existing studies have investigated the comorbidity between 

PTSS and depressive symptoms, important knowledge gaps about symptom-level 

interactions throughout COVID-19 remain. Therefore, we aimed to assess the interaction 

between PTSS and depressive symptoms throughout the phases of COVID-19 and identify 

the bridge symptoms (i.e., PTSS with strong associations with depressive symptoms) 

utilizing network analysis in the general population. Further, by applying LTA, we divided 

the multifaceted bridge symptoms, which were identified by the network analysis as 

maintaining this type of comorbid structure, into several homogeneous symptom subgroups 

and aimed to discover the prominent subgroups throughout the COVID-19 phases. Finally, 

we considered the possible effect of bridge symptoms on PTSS and depressive symptoms 

over time. The detailed aims of the current study are shown below.  
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By utilizing network analysis on PTSS and depressive symptoms, we aimed to: 

1. Characterize which symptoms are the most influential in a comorbidity network 

throughout the COVID-19 pandemic. 

: Considering the outbreak of the pandemic as collective or mass trauma, COVID-

related flashbacks or avoidance were hypothesized to serve as the central symptoms 

between PTSS and depressive symptoms. Based on previous research, the prominent 

PTSS were flashbacks and avoidance after the trauma and intrinsically related to each 

other.36,74-76  

2. Characterize which symptoms account for identified associations in a comorbid 

structure in each phase of COVID-19. 

: Given that dysphoric mood (concentration problems and sleep problems) overlapped 

between PTSS and depressive symptoms, we hypothesized that the bridge symptoms 

of the comorbidity networks would include either COVID-related concentration 

problems or sleep problems. We built upon previous literature that focused on 

flashback-sleep problem connections by examining symptom structure after the 

pandemic.42  

3. Compare the results of each phase statistically. 

: Following previous research, it was also hypothesized that the subacute phases of 

COVID-19 have led to a different symptom structure compared with that resulting 

from its chronic aspects. The networks of psychological symptoms of traumatic events 

could show changing patterns over time.36,48,49 
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Further, by utilizing LTA on bridge symptoms, we secondarily aimed to:  

1. Capture latent status of the bridge symptom across all COVID-19 phases. 

: Considering the heterogeneity of psychological symptoms, we hypothesized that 

bridge symptoms are multifaceted and have distinct latent homogeneous profiles. 

2. Estimate the changing patterns of the bridge symptom and its effect on both PTSS and 

depressive symptoms throughout COVID-19 phases. 

: Given that the profiles of psychological symptoms might change over time after a 

traumatic event, we hypothesized that there exist changing patterns of subgroups of 

the bridge symptoms over time, which has different effects on the PTSS and depressive 

symptoms. 

3. Infer the possible effect of the latent status during COVID-19 on both PTSS and 

depressive symptoms over time. 

: We hypothesized that the pandemic would demonstrate the massive impact on 

psychological health over time, and further, have a heterogeneous impact depending 

on the profile of psychological symptoms in the long term.2-4 
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II. MATERIALS AND METHODS 

1. Data collection and participants  

This study used data from a previous community-based prospective cohort study known as 

the Cardiovascular and Metabolic Etiology Research Center (CMERC) study, which was 

conducted from 2013 to 2018, and finally enrolled 4,060 participants aged 30–64 years as 

a baseline.77 For the baseline study, we investigated a wide range of demographic 

characteristics (age, sex, education, marriage, cohabitation, income, subjective economic 

status, and occupation), medical history, current medication intake, health-related 

behaviors (smoking, drinking, physical activity, sleep, and obstructive sleep apnea, usual 

dietary intake), psychological conditions, physical examinations (body size, composition, 

and blood pressure) as well as biochemical indicators.77 The information on demographic 

characteristics, medical history, current medication intake, and health-related behaviors 

was obtained based on participants' self-reports through a face-to-face interview utilizing 

standardized questionnaires. Psychological conditions were assessed in a self-administered 

manner rather than a face-to-face-interview. A trained researcher conducted face-to-face 

interviews and reviewed all responses, including the self-administered responses, to check 

for any instances of misreading, miswriting, or missing answers. All the participants 

completed questionnaires and examinations according to a predefined protocol.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/prospective-cohort-study
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Since the occurrence of COVID-19 in South Korea, the CMERC cohort online mental 

health survey (CCMHS) was conducted several times for the CMERC cohort participants: 

1) the 2020 survey was conducted right after the first outbreak of COVID-19; 2) the 2021 

survey was conducted about 1 year after the first outbreak of COVID-19, and 3) 2022 

survey was conducted about 2 years after the first outbreak of COVID-19. Specifically, the 

2020 survey was investigated within 1 to 3 months after the outbreak of COVID-19 and 

was defined as a “subacute phase,” while the 2021 and 2022 surveys were investigated after 

3 months and defined as a “chronic phase.” Detailed information about the time points of 

each of the surveys and the trend of confirmed cases of COVID-19 in South Korea is shown 

in Figure 1. For each survey, we contacted 3,940 people out of the 4,060 baseline 

participants asking them to participate in the survey, excluding 59 participants who had 

withdrawn consent or died and 61 who could not be reached by mobile phone contact. By 

accessing the URL of the mobile phone, participants responded to the self-reported 

questionnaires. As part of the online mental health study, we investigated the Patient Health 

Questionnaire-9 (PHQ-9), General Anxiety Disorder-7 (GAD-7), PTSD Checklist for 

DSM-5 (PCL-5), Pittsburgh Sleep Quality Index (PSQI), and questions about awareness of 

COVID-19, material/mental support, and thoughts on COVID-19 vaccines. All responses 

were reviewed by trained researchers to examine any instances of inaccurate reading, 

inaccurate writing, or missing answers. Detailed information about the timeline of the 

baseline study and CCMHS as well as the main measurements used in this study are shown 

in Figure 2. 
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Figure 1. The trend of daily new cases and cumulative cases of COVID-19 in 

South Korea and the time points of the CCMHS 

Figure 2. Timelines and measurements of the CMERC cohort baseline study 

and CCMHS 
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A. Participants for network analysis 

Among the respondents, we excluded individuals who did not provide information 

regarding the PCL-5 and PHQ-9.78,79 The number of respondents for each survey are as 

follows: 1) 2020 survey (among 1,970 respondents, a total of 1,925 individuals were finally 

included); 2) 2021 survey (1,791 respondents for the follow-up survey and a total of 1,754 

individuals were included), and 3) 2022 survey (among 1,633 respondents, a total of 1,595 

individuals completed the survey) (Figure 3). Further, among the participants who 

completed the answers to the PCL-5 and PHQ-9, the number of respondents who 

participated in all three surveys was 1,019, and sensitivity analysis was conducted with 

these participants. 
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Figure 3. Flow diagram of study participants for network analysis  
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B. Participants for latent transition analysis 

For LTA, participants who did not respond to more than one follow-up regarding the PSQI 

during the 2020 through 2022 surveys were excluded. The LTA utilizes full-information 

maximum likelihood estimation for all available data. Finally, 1,930 respondents who 

answered the PSQI through more than one follow-up were included (Figure 4). 

Additionally, among the respondents who completed the PSQI, sensitivity analysis was 

carried out on the 1,005 respondents who took part in all three surveys. 
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Figure 4. Flow diagram of study participants for LTA 
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2. Measurements 

A. Assessing for network analysis: depressive symptoms 

In the CMERC online mental health survey, the self-reported PHQ-9 questionnaire is 

utilized for measuring depressive symptoms (Appendix 1).79 The PHQ-9 contains nine 

items that measure the frequency of depressive symptoms over the preceding 2 weeks. 

Each item is rated in frequency on a 4-point scale as follows: 0 = not at all, 1 = several 

days, 2 = more than half of the days, and 3 = nearly every day. Scores on the PHQ-9 

range from 0–27. This questionnaire has been validated for use in the Korean population, 

for which Cronbach’s alpha of the whole scale was 0.81 and test-retest reliability was 

good (r = 0.89).80  

B. Assessing for network analysis: PTSS  

Symptoms of post-traumatic stress were considered utilizing the PCL-5 (Appendix 2).78 

The PCL-5 is a 20-item questionnaire assessing the severity of PTSS in the past month 

using a 5-point scale from 0 (not at all) to 4 (extremely) and based on DSM-5. Scores on 

the PCL-5 range from 0 to 80. The PCL-5 is an indicator that includes 20 items to assess 

four clusters of post-traumatic stress syndrome, categorizing intrusive symptoms 

(questions 1-5), avoidance symptoms (questions 6 and 7), negative alteration in cognition 

and mood (questions 8-14), and hyperarousal symptoms (question 15-20). The validity 

of the PCL-5 has been verified in a previous study, which exhibited strong internal 
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consistency (α = .94) and test-retest reliability (r = .82).78 The PCL-5 was also validated 

in the Korean population, for which Cronbach’s alpha of the whole scale was 0.93 and 

test-retest reliability was 0.90.81 

C. Assessing for LTA: sleep disturbance  

The overall sleep disturbance was estimated using the PSQI at every time point. In general, 

the PSQI is a 19-item questionnaire that assesses self-reported sleep quality and duration 

over the course of the previous 4 weeks (Appendix 3).82 Global PSQI scores consist of 

seven components for each of the following: sleep disturbances (9 items), daytime 

dysfunction (2 items), sleep latency (2 items), subjective sleep quality (1 item), sleep 

duration (1 item), sleep medication (1 item), and habitual sleep efficacy (3 items). Of those 

components, we utilized the 9-items of the sleep disturbance section for our analysis.  

The observed 9-items on sleep disturbance have 4-point Likert scale responses relating 

to the frequency of specified sleep problems in past the 4 weeks (“never=0,” “less than 

1 time per week=1,” “1 or 2 times per week=2,” and “more than three time per week 

=3”). The observed indicators and mean scores of the 9-items of sleep disturbance 

throughout all surveys are suggested in Appendix 4. Previous literature suggested that 

response options of the observed items may also influence the latent status; response 

options with small cell sizes were proposed as collapsed into one level to interpret the 

latent status easily.83 For our analysis, we collapsed the two smallest response options 

(i.e., “1 or 2 times per week,” and “more than three times per week”) into one response, 
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therefore, the response options of the 9-items in sleep disturbance have three-levels 

(“never=0,” “less than 1 time per week =1,” “more than one time per week =2”). The 

PSQI questionnaire has been validated in the Korean population, for which Cronbach’s 

alpha of the whole scale was 0.84.84 

After building on the comorbidity network models, according to our findings of 

comorbid symptoms, sleep problems were consistently identified as the most influential 

bridge symptom of all the time-points after the COVID-19 outbreak (refer to the Results 

section below for additional details). Therefore, in the application of the comorbid bridge 

symptom for LTA as a targeted intervention, we utilized sleep problems as the variables 

of LTA to estimate the changing patterns of the comorbid symptom and its effect on 

comorbid structures over time. 

D. Assessing for additional analysis: resilience  

For additional analysis to estimate the antagonism between psychological symptoms in 

comorbidity network, resilience score utilizing Connor-Davidson Resilience Scale (CD-

RISC) was included. In the CMERC online mental health survey, the self-reported CD-

RISC questionnaire is able to measure the ability of bounce back in both patients and 

general population.85 The CD-RISC has 25 items and is scored on 5-point Likert scale (0 

= not at all, 1 = almost never, 2 = sometimes, 3 = often, and 4 = almost always), where a 

higher score suggested better resilience status.85 This questionnaire has been adequately 

demonstrated which internal consistency and test-retest reliability were 0.93 and 0.93, 

respectively.86 
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E. Assessing demographic status  

Demographic status (covariates) included age, sex, socioeconomic status, lifestyle factors, 

comorbidity, and current medication intake at baseline data. These variables were utilized 

as demographic status for network analysis, and as covariates for LTA. Baseline 

socioeconomic status consisted of marital status, educational year, and household income. 

Marital status was categorized as the following: never married, living with a partner, living 

alone, and separated by the death of a partner. The educational year was grouped into 

elementary (6 years), middle school (9 years), high school (12 years), and college (over 12 

years), according to the years of educational attainment and the education system in Korea. 

Information on household income was divided into quartiles (<24.5, 24.5 to <34.5, 34.5 to 

<48.3, and ≥48.3 million Korean Won/year). Lifestyle variables were comprised of alcohol 

use, cigarette use, and physical activity. Alcohol use and cigarette use were categorized into 

“never,” “past,” and “current” drinking or smoking. Physical activity was evaluated using 

the Korean version of the International Physical Activity Questionnaire-Short Form.87 The 

amount and intensity of physical activity per week were categorized as “low,” “middle,” 

and “high” for those who, on average, never exercised, exercised less than 150 minutes, 

and exercised moderately to vigorously for more than 150 minutes, respectively. 

Comorbidity was inferred via a self-administered questionnaire about the history of 

diagnoses by physicians during one’s lifetime with any of the following diseases: 

hypertension, diabetes, cancer, stroke, and transient ischemic stroke, myocardial infarction 

and angina, heart failure, chronic renal failure, dyslipidemia, liver disease, chronic hepatitis, 
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liver cirrhosis, thyroid disorders, asthma, chronic obstructive pulmonary disease, 

osteoporosis, arthritis, and autoimmune disease. Each of the comorbid conditions was 

marked with “yes” or “no” if the respondents indicated they had or had not been diagnosed 

as having the disease, respectively. Current medication intake was investigated by 

surveying the intake of medication prescribed by physicians due to comorbid diseases; 

respondents who took medication or did not respond with “yes” or “no,” respectively. 
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3. Statistical analysis 

A. Network approach 

In this study, we estimated three distinct comorbidity networks of PTSS and depressive 

symptoms based on data from the following: 1) the 2020 survey (right after the first 

outbreak), 2) the 2021 survey (approximately 1 year after the first outbreak), and 3) 2022 

survey (approximately 2 years after the first outbreak). We conducted the analysis in four 

steps: i) network estimation, ii) network inference, iii) network robustness, and iv) network 

comparison. The Schematic representation of the network approach is depicted in Figure 5. 

All analyses were presented by R (version 4.0.4) via R studio software (version 1.4.1106). 

 

Figure 5. Schematic representation of the network approach  
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a) Network Estimation 

Network models estimating the associations between symptoms are usually constructed 

using the Gaussian Graphical Model, through the R-package qgraph.88 A network refers to 

various structures comprising variables, which are represented by nodes and edges.26 We 

utilized the term “communities” to define a conceptual group, such as PTSS and depressive 

symptoms, rather than a statistical group. In the network structure, nodes represent each 

symptom. Edges depict the association between two nodes and represent some associations, 

such as correlations between symptoms or comorbid communities.88,89 The edges are 

presented as color and thickness: i) color of the edges: positive associations are colored 

blue and negative associations are colored red,88 and ii) thickness of the edges: the weighted 

edges are represented by line thickness, which reflects the strength of the association 

between nodes, and a thicker line indicates stronger relationships.88  

Least absolute shrinkage and selection operator (known as L1-regularization method or 

LASSO) was applied using the Extended Bayesian Information Criterion EBICglasso 

function in the R-package qgraph to the estimation of the partial correlation networks to 

plot the network structure incorporating both the PCL-5 items and the PHQ-9 items.90,91 

Simulation studies suggested that the LASSO has a low likelihood of false positives and 

provides confidence that an observed association is indeed present in the network.92 In 

addition, since both the PCL-5 and PHQ-9 items share several similar questions, such as 
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those items related to sleep and concentration problems, a redundancy test utilizing 

the goldbricker function from the networktools in R-package was considered.89 

b) Network Inference 

We assessed centrality and bridge centrality for identifying central and bridge symptoms 

in the comorbidity network structure. One-step expected influence was the metrics for 

centrality used to examine the relative importance of a symptom in the network structure, 

computed via the R-package qgraph.89 The expected influence considers positive as well 

as negative edge weight values of all intercommunity edges extending from a given node, 

which was recently deemed more suitable as measures of node strength in 

psychopathological networks rather than node strength, betweenness, and 

closeness.40 Further, one-step bridge expected influence was depicted for identifying the 

bridge centrality in connecting the PCL-5 and PHQ-9 communities.40,89 

The bridge function from the networktools in R-package was implemented to calculate 

bridge expected influence and identify potential bridge nodes.89 The bridge expected 

influence is defined as the sum of the positive as well as negative values of all edges that 

exist between a specific node, X, which is a part of one community, and all nodes that are 

not in the same community as the specific node X. This metric is useful between comorbid 

communities, similar to the expected influence metrics above.89,93 The centrality indices for 

network inference were plotted by applying standardized z-scores to facilitate 

interpretation. 
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c) Network Robustness 

After estimating the comorbidity network structure, we determined network robustness by 

utilizing the bootnet R-package in three steps: 1) network accuracy, 2) network stability, 

and 3) bootstrapped difference tests.94 We assessed network accuracy to test for significant 

differences between edge weights, which was estimated at nonparametric bootstrapped 95% 

confidence intervals (CIs) by sampling the bootstrap data 1,000 times, thereby presenting 

a distribution of edge weight and suggesting that networks were accurately estimated. 

Network stability was estimated utilizing a case-dropped bootstrapping procedure for 

testing the stability of the centrality, such as both expected influence and bridge expected 

influence. To this end, progressively case-dropped subsets from the original data set 

estimated the centrality metrics which repeatedly correlated with those estimated for the 

original sample, thereby yielding the correlation stability (CS)-coefficient for quantifying 

stability of the network centrality.95 A CS-coefficient estimates the maximum proportion 

of cases that can be dropped from the original data set to maintain a correlation ≥ 0.7 

(default value) with a 95% probability between the centrality indices in the original network 

and the centrality indices with a case-dropped subset.94 A CS-coefficient ≥ 0.5 is preferably 

needed to interpret stability for centrality.94 Lastly, we conducted a bootstrapped difference 

test to determine whether a node/edge is significantly different from another node/edge 

within each of the networks. Each of these bootstrapped difference tests were performed 

1,000 times for each network. The results from applying these methods, along with those 

presented below, are detailed in the accompanying Appendix materials. 

https://www.frontiersin.org/articles/10.3389/fpsyt.2018.00608/full#SM1
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d) Network Comparison  

To test network replicability, a set of network comparison tests was conducted to examine 

similarities and differences between the network from the first survey (right after the 

outbreak of COVID-19) and the following surveys (1-2 years after the break out of the 

COVID-19). Because the network comparison test was designed to compare two networks, 

our study performed a series of three comparisons to evaluate the differences between the 

network structure across each phase. The network comparison test is a statistical omnibus 

test that compares two network structures on several types of characteristics. By utilizing 

network comparison tests for quantifying differences between networks, we were able to 

test whether network structures differ quantitatively rather than determining differences 

through visual inspection alone. To this end, the R-package network comparison test was 

applied to present a permutation-based network comparison that evaluates the null 

hypothesis of equal connectivity between different networks by randomly shuffling orders 

of original data individuals.96 In our study, invariance measures in two factors of the 

network structures were tested across the networks in all surveys: i) network structure 

invariance and ii) global expected influence invariance between the networks. The results 

suggested a p value for M, which is the difference between the network structures, and for S, 

which is the difference in global expected influence. And we performed a set of 1,000 

permutations, which was the least recommended value, to obtain reliable comparison 

results.96  
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B. Latent Transition Approach 

From the findings of the network analysis, sleep problems were consistently found to be 

the most significant bridge symptom for the PTSS/depressive symptoms networks during 

the COVID-19 phases. To evaluate the change in sleep problem patterns and whether sleep 

problems could predict the PTSS/depressive symptoms during the COVID-19 phases, 

respectively, we conducted additional longitudinal analysis by applying the latent transition 

approach (Figure 6). All analyses were conducted utilizing SAS 9.4 (SAS Institute, Inc., 

New York, NY).  

 

 

 

Figure 6. Conceptual diagram of a three time-point LTA 
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a) Conducting LCA 

We first used LCA to determine patterns of latent class for each COVID-19 phase cross-

sectionally using the responses to the nine items of the sleep disturbance component of the 

PSQI 82. The LCA is a probabilistic method that allows clustering and statistical inference. 

Utilizing maximum likelihood estimates, the LCA models infer class profiles that best 

characterize these latent statuses of a set of observed variables, where the response of 

observed variables has the same pattern. Therefore, the latent classes are homogeneous 

within, but distinct from each other. 

To compare competing class profiles, LCA models with k vs. k+1 classes were tested 

iteratively until the best model fit was identified. Model fit was estimated with log-

likelihood (LL), likelihood ratio statistics (G2), Akaike Information Criterion (AIC), 

Bayesian Information Criterion (BIC), adjusted Bayesian Information Criterion (ABIC), 

which were the most frequently used measures, and entropy. Generally, low information 

criterion (IC) values and a high entropy value (ranging from 0 to 1) indicate a better fit.97 

However, when assessing the best model fit particularly in a large population with many 

indicators, additional classes (k+1 classes) can often lead to a consistent decrease in the IC, 

and it is helpful to plot the IC to seek a point of inflection or plateauing.98 Finally, LCA 

provides the number of classes and the probability of being assigned to each class. In this 

analysis, from the below, the term latent “status” was used in place of latent “class” to 

denote the possibility of temporary membership in a class and the possibility of 

congregations changing statuses over time. 
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b) Conducting LTA   

After building off of the LCA model, we conducted LTA to identify the longitudinal change 

of repeated measures of the nine items of sleep disturbances during the COVID-19 phases. 

The LTA model is a longitudinal extension of the LCA, utilizing longitudinal data.72 The 

LTA also utilizes maximum likelihood estimation to regress the latent status for follow-up 

phases on the latent status for the initial phase. Then, the prevalence of latent status in each 

phase and a transition probability that shows the patterns of change between latent statuses 

over time are estimated. In our study, a matrix of transition probabilities described how the 

participant’s transition during COVID-19 phases in sleep disturbance profiles. These 

transition probabilities indicated the likelihood that congregations starting in one status in 

2020 would change to another status in 2021, and then change to another status in 2022. 

We first tested the fit and measurement invariance across time points by comparing latent 

transition models in which parameters were freely estimated with models in which 

parameters were constrained to be equal across the time points.99 Considering the same 

with the LCA model, LTA model fit indices, such as ICs (AIC, BIC, and ABIC), G2, and 

entropy were used to assess model fit.100 After confirming the LTA model fit, several 

measurement parameters were confirmed such as: latent status membership probabilities at 

the 2020 survey (delta parameters), probabilities of transitions between latent statuses over 

time (tau parameters), and item-response probabilities conditional on latent status 

membership and time (rho parameters). 
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c) Conducting LTA including Covariates and Distal Outcomes  

After identifying the latent transition model using fit statistics, additional analyses were 

conducted for estimating the influence of latent status and its change in PTSS and 

depressive symptoms over time. First, by utilizing the latent status generated by the LTA, 

the generalized estimating equation was used to analyze how changes in latent status of 

sleep disturbance (e.g., changes from status 1 to status 2 during the survey) influenced 

PTSS and depressive symptoms, during the COVID-19 phases. This analysis yielded 

estimate effects and their standard errors (SEs), after adjusting for all covariates with the 

P-value. A P-value of <0.05 was considered significant. 

Further, we estimated the effect of latent status of sleep disturbance on distal outcomes, 

such as PTSS and depressive symptoms in our analysis, over time adjusting for potential 

confounders. Mean estimates with CI express the effect of distal outcomes given latent 

status membership. Being able to predict a distal outcome from latent status membership 

provides etiological information about how the confluence of latent status and/or covariates 

predicts an outcome of interest; potential application abounds.101  

For covariates, we included age, sex, socioeconomic status, lifestyle factors, comorbidity, 

and current medication intake at baseline data, in the same manner as was previously 

mentioned. In addition, PTSS and depressive symptoms were taken into account as distal 

outcomes. The PCL-5 and PHQ-9 scores assessed PTSS and depressive symptoms as 

continuous variables, respectively, in the same manner as was previously mentioned.   
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III. RESULTS 

1. Network approach 

A. Estimation and inference of the comorbidity network throughout  

COVID-19 phases 

Of the 1,970 respondents at baseline, the mean age was 55.49 years and 64.8% of the 

respondents were women. Overall, the sample was comprised mostly of current drinker, 

married, education over 12 years, household income levels in the second quartile, having 

no disease history, and no current medication intake. Men were primarily past smokers and 

performed high regular exercise, whereas women were never smokers and performed low 

regular exercise. In addition, in the 2020 survey, there were no significant differences in 

the PHQ-9 and PCL-5 scores by sex; however, women had higher PHQ-9 and PCL-5 scores 

than men in the 2021 and 2022 surveys (Table 1). For the network approach, we estimated 

three cross-sectional comorbidity networks utilizing data from 2020, 2021, and 2022 

surveys, respectively. Figures represent the network structures among the PTSS and 

depressive symptoms of the CMERC online mental health surveys. In all results, the PCL-

5 and PHQ-9 nodes formed two separate communities within the comorbidity network. 

Most of the node connections presented positive edges, whereas there existed some 

negative edges. The detailed network structure according to 2020, 2021, and 2022 surveys 

are described below.  
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Table 1. Demographic characteristics at baseline by sex 

 Total  (N=1,970)  Men (N=693)  Women (N=1,277) 
p-value 

  N %   N %   N % 

Age, Mean (SD) 55.49 (9.2)  55.20 (9.9)  55.65 (8.8) < 0.01 

Smoking          < 0.01 

never 1383 (70.2)  187 (27.0)  1196 (93.7)  

past 363 (18.4)  315 (45.5)  48 (3.8)  

current 224 (11.4)  191 (27.6)  33 (2.6)  

Drinking         < 0.01 

never 412 (20.9)  60 (8.7)  352 (27.6)  

past 91 (4.6)  45 (6.5)  46 (3.6)  

current 1467 (74.5)  588 (84.9)  879 (68.8)  

Regular exercise         < 0.01 

low (0 min/per week) 914 (46.4)  276 (39.8)  638 (50.0)  

middle (less 150 min/per week) 251 (12.7)  88 (12.7)  163 (12.8)  

high (over 150 min/ per week) 805 (40.9)  329 (47.5)  476 (37.3)  

Marital status         < 0.01 

never married 117 (5.9)  54 (7.8)  63 (4.9)  

living together 1705 (86.6)  627 (90.5)  1078 (84.4)  

living alone 18 (0.9)  4 (0.6)  14 (1.1)  

divorced or widowed 130 (6.6)  8 (1.2)  122 (9.6)  

Educational year         < 0.01 

≤ 6 years 54 (2.7)  9 (1.3)  45 (3.5)  

≤ 9 years 121 (6.1)  26 (3.8)  95 (7.4)  

≤ 12 years 691 (35.1)  190 (27.4)  501 (39.2)  

> 12 years 1104 (56.0)  468 (67.5)  636 (49.8)  

Household income         < 0.01 

Q1 403 (20.5)  105 (15.2)  298 (23.3)  

Q2 643 (32.6)  231 (33.3)  412 (32.3)  

Q3 372 (18.9)  142 (20.5)  230 (18.0)  

Q4 552 (28.0)  215 (31.0)  337 (26.4)  
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Table 1. Demographic characteristics at baseline by sex (N=1,970) (continued)           

 Total  (N=1,970)  Men (N=693)  Women (N=1,277) 
p-value 

 N %   N %   N % 

Disease history         0.41 

no 1116 (56.7)  384 (55.4)  732 (57.3)  

yes 854 (43.4)  309 (44.6)  545 (42.7)  

Current medication intake         0.05 

no  1288 (65.4)  433 (62.5)  855 (67.0)  

yes 682 (34.6)  260 (37.5)  422 (33.1)  

PHQ-9 scores, Mean (SD)          

2020 survey  2.72 (3.7)  2.83 (3.8) 
 

2.66 (3.7) 0.34 

2021 survey  4.92 (5.0)  4.08 (4.8) 
 

5.35 (5.0) < 0.01 

2022 survey 4.52 (4.9)  3.49 (4.4) 
 

5.06 (5.0) < 0.01 

PCL-5 scores, Mean (SD)          

2020 survey 10.29 (10.2)  10.25 (10.0) 
 

10.31 (10.4) 0.21 

2021 survey 9.68 (11.7)  8.68 (11.4) 
 

10.20 (11.9) 0.02 

2022 survey 10.42 (12.6)   9.06 (11.9)   11.16 (12.9) 0.01 

Notes. Sum of numbers may not reflect the total number in group due to missing values. 
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a) The network of the 2020 survey  

The 2020 survey was conducted subacute phase of COVID-19 (right after the outbreak of 

COVID-19) (Figure 1). Figure 7 and Figure 8a represent the comorbidity network structure 

at the first detection of the CMERC online mental health survey. The strongest edge across 

the communities of PCL-5 and PHQ-9 was between sleep disturbance and sleeping 

problems (A20 and B3, edge weight=0.38). Among the PCL-5 community, the largest edge 

weight was nightmares and flashbacks (A2 and A3, 0.41), following irritability/anger and 

reckless and self-destructive behavior (A15 and A16, 0.39). Among the PHQ-9 community, 

anhedonia and depressed mood had the strongest edge weight (B1 and B2, 0.50), followed 

between fatigability and appetite problems (B4 and B5, 0.45). The centrality index 

(expected influence) is shown in Figure 8b. The results showed that depressed mood (B2, 

standardized EI = 2.35) and flashback symptom (A3, 2.24) had a high node expected 

influence. Trauma-related amnesia (A8, -1.85) and suicidal ideation (B9, -1.64) showed a 

relatively lower node expected influence. Figure 8c shows bridge node centrality of the 

combined PTSS and depressive symptom network. The nodes with relatively high bridge 

centrality were sleeping disturbance (A20, standardized bridge expected influence=2.04) 

and sleeping problems (B3, 1.97).  

The results of the sensitivity analysis conducted on respondents who participated in all 

three surveys were similar to the above (Appendix 5-6). Further, by adding the resilience 

score, which is considered a symptom that could control the psychological symptoms, in a 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7683419/figure/F2/
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combined network model of PTSS and depressive symptoms, we estimated the antagonism 

between psychological symptoms; the resilience was inversely correlated with all other 

PTSS and depressive symptoms (Appendix 7-8). 
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Figure 7. Correlation matrix of edge weight in a comorbidity network of the 2020 survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation.

A1 0.00
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A3 0.20 0.41 0.00

A4 0.22 0.00 0.11 0.00

A5 0.00 0.08 0.23 0.16 0.00

A6 0.14 0.00 0.02 0.16 0.25 0.00

A7 0.00 0.00 0.00 0.14 0.00 0.17 0.00

A8 0.01 0.11 0.13 -0.07 0.08 0.15 0.17 0.00

A9 0.00 0.06 0.00 0.00 0.00 0.03 0.08 0.08 0.00

A10 0.02 0.00 0.00 0.03 0.00 0.01 0.07 0.04 0.27 0.00

A11 0.13 0.00 0.01 0.13 0.07 0.01 0.02 -0.02 0.16 0.15 0.00

A12 0.01 0.04 0.00 0.00 -0.01 0.01 0.06 0.00 0.02 0.00 0.03 0.00

A13 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.04 0.00 0.26 0.00

A14 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.05 0.12 0.32 0.00

A15 0.00 0.03 0.00 0.01 0.00 -0.06 0.00 0.00 0.00 0.10 0.07 0.03 0.00 0.23 0.00
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A19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.09 0.00 0.09 0.09 0.00 0.27 0.00

A20 0.00 0.03 0.00 0.00 0.00 0.02 0.10 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.06 0.15 0.22 0.00
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B6 0.00 -0.05 -0.01 0.00 -0.02 0.00 0.00 0.00 0.12 0.00 0.00 -0.03 0.00 0.02 0.06 0.04 0.01 -0.06 0.00 0.00 0.00 0.24 0.01 0.08 0.05 0.00

B7 -0.01 0.00 0.00 0.00 0.00 0.02 -0.01 0.00 -0.03 0.00 0.00 0.00 0.02 0.04 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.12 0.04 0.00 0.10 0.14 0.00

B8 0.00 0.03 0.06 0.00 0.07 0.00 0.00 0.11 0.00 -0.11 0.00 0.00 0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 -0.01 0.00 -0.10 0.12 0.00 0.18 0.27 0.00
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Figure 8. Comorbidity network structures of the 2020 survey. (a) Estimated network of PCL-5 and PHQ-9 

symptoms, (b) Centrality indices for the estimated comorbidity network, (c) Bridge centrality indices for the 

estimated comorbidity network.  

 (a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

(b) Expected Influence  (c) Bridge Expected Influence  
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b) The network of the 2021 survey  

The next survey was carried out in the year 2021, chronic phase of COVID-19 

(approximately 1 year after the outbreak of COVID-19) (Figure 1). The PTSS and 

depressive symptom network structure at the follow-up detection is shown in Figure 9 and 

Figure 10a. In this comorbidity network, the largest edge weight was between sleep 

disturbance and sleeping problems, as was the result of the first survey (A20 and B3, edge 

weight=0.45). Among the PCL-5 community, the strongest edge weight was between 

avoidance of thoughts and avoidance of reminders (A6 and A7, 0.55), followed by 

irritability/anger and reckless self-destructive behavior (A15 and A16, 0.49). Among the 

PHQ-9 community, the highest edge weight was between anhedonia and depressed mood 

(B1 and B2, 0.50), which was the same as the results of the first survey. Figure 10b shows 

the highest expected influence as depressed mood (B2, standardized EI=2.22) and reckless 

behavior (A16, 1.88); whereas hypervigilance (A17, -1.73) and anhedonia (B1, -1.62) was 

the lowest node, followed by trauma-related amnesia (A8, -1.49). Figure 10c shows bridge 

symptom centrality of the comorbid PTSS and depressive symptom network in the 2021 

survey. The result showed that most bridge central nodes were sleeping problems (B3, 

standardized bridge expected influence=1.96) and sleeping disturbance (A20, 1.87), as 

with the first survey.  

Similar findings were obtained from a sensitivity analysis performed on participants who 

completed all three surveys (Appendix 9-10). Further, by adding the resilience score, which 
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is considered a symptom that could control the psychological symptoms, in a combined 

network model of PTSS and depressive symptoms, we estimated the antagonism between 

psychological symptoms; the resilience was inversely correlated with all other PTSS and 

depressive symptoms (Appendix 11-12).  
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Figure 9. Correlation matrix of edge weight in a comorbidity network of the 2021 survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation.
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A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9

0.0-1.0 1.0

Correlation coefficient



45 

 

Figure 10. Comorbidity network structures of the 2021 survey. (a) Estimated network of PCL-5 and PHQ-9 

symptoms, (b) Centrality indices for the estimated comorbidity network, (c) Bridge centrality indices for the 

estimated comorbidity network 

 

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

(b) Expected Influence

  

(c) Bridge Expected Influen

ce  



46 

 

c) The network of the 2022 survey  

In the year 2022, the survey was conducted during the chronic phase of COVID-19 

(approximately 2 years after the outbreak of COVID-19) (Figure 1). The estimated 

comorbidity network of the final survey is shown in Figure 11 and Figure 12a. Overall, 

the results of this final survey were similar to those of the 2021 survey. The comorbidity 

network featured consistent edges, showing the strongest connection between sleep 

disturbance and sleeping problems (A20 and B3, edge weight=0.44). Among the PCL-5 

community, avoidance of thoughts and avoidance of reminders was strongly 

interconnected (A6 and A7, 0.56), followed by irritability/anger and reckless self-

destructive behavior (A15 and A16, 0.50). Within the PHQ-9 community, the strongest 

edge weight was between anhedonia and depressed mood (B1 and B2, 0.59). In the 

network structure of the 2022 survey, depressed mood (B2, standardized EI=1.98) and 

reckless behavior (A16, 1.79) emerged as the nodes with the highest node expected 

influence, with the same results as in the prior network that emerged as the strongest node 

(Figure 12b). Anhedonia (B1, -2.60) and trauma-related amnesia (A8, -2.25) had a 

relatively lower node expected influence (Figure 12b). Considering only bridge centrality, 

the results suggested that the most influential bridge symptoms were sleeping problems 

(B3, standardized bridge expected influence=2.97) and sleep disturbance (A20, 2.32), 

which was the same as all the previous surveys (Figure 12c).  
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The findings of the sensitivity analysis on the network structures were similar to the above 

(Appendix 13-14). Further, by adding the resilience score, which is considered a symptom 

that could control the psychological symptoms, in a combined network model of PTSS and 

depressive symptoms, we estimated the antagonism between psychological symptoms; the 

resilience was inversely correlated with all other PTSS and depressive symptoms 

(Appendix 15-16).



48 

 

Figure 11. Correlation matrix of edge weight in a comorbidity network of the 2022 survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation.
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B1 0.00 0.00 0.00 0.00 -0.02 0.00 0.02 -0.02 -0.04 0.00 0.00 0.10 0.00 0.00 0.00 -0.06 0.06 0.00 0.02 -0.10 0.00
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B7 0.00 0.01 0.00 -0.03 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 -0.03 0.00 0.20 0.00 0.02 0.01 0.02 0.05 0.10 0.13 0.00

B8 0.00 0.02 0.05 -0.05 0.03 0.00 0.00 0.09 0.00 -0.01 -0.09 -0.04 0.00 0.00 0.00 0.08 -0.09 0.03 0.00 -0.01 0.00 0.07 0.00 0.06 0.07 0.12 0.38 0.00

B9 0.00 0.00 0.02 -0.03 0.00 -0.04 0.00 0.00 0.08 0.00 0.00 0.00 0.00 -0.03 0.00 0.22 0.00 0.00 -0.11 -0.06 -0.03 -0.03 0.04 0.01 0.00 0.30 0.18 0.30 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9

0.0-1.0 1.0

Correlation coefficient



49 

 

Figure 12. Comorbidity network structures of the 2022 survey. (a) Estimated network of PCL-5 and PHQ-9 

symptoms, (b) Centrality indices for the estimated comorbidity network, (c) Bridge centrality indices for the 

estimated comorbidity network 

 (a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

(b) Expected Influence

  

(c) Bridge Expected Influen

ce  
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d) Network Robustness 

Accuracy tests indicated that all three networks were stably estimated, with small to 

moderate CIs around the edge weights (Appendix 17). These results presented the accurate 

distribution of edge weight, suggesting accurate estimations for all networks. Furthermore, 

for the stability test utilizing a case-dropped bootstrapping, the CS-coefficients for 

expected influence were 0.75 across all networks. The CS-coefficients for bridge expected 

influence at each time point were as follows: 2020 survey, CS-coefficients=0.67; in 2021 

and 2022 surveys, 0. 75 (Appendix 18). These results exceed the recommended threshold 

for stability of the network centrality (A CS-coefficient ≥ 0.50).  

e) Network comparison across time points 

The network comparison test indicated that network structures were different across 

surveys between the 2020 survey and 2021/2022 surveys (2020 vs. 2021: M=0.38, p=<0.01; 

2020 vs. 2022: M=0.40, p<0.01), whereas global strengths were in variance (2020 vs. 2021: 

s=0.40, p=0.85; 2020 vs. 2022: s=0.10, p=0.97). In addition, between the 2021 and 2022 

surveys, network structure invariance (2021 vs. 2022: M=0.17, p=0.37) and global strength 

invariance (2021 vs. 2022: s=0.30, p=0.85) tests indicated that the network structures did 

not significantly vary across surveys. For now, these results indicate that the networks 

across surveys did not significantly different in global strength; however, significantly 

differ in network structures between the subacute phase of COVID-19 (2020 survey) and 

the chronic phase of COVID-19 (2021 and 2022 survey).  
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2. Latent transition approach 

A. LTA of sleep disturbances during the COVID-19 phases 

To explore whether latent status underlying sleep disturbance could infer a meaningful 

status transition at each measurement occasion and possible causal association with PTSS 

and depressive symptoms, we conducted LTA in four steps: 1) selecting a latent status 

profile, 2) interpreting latent status, 3) estimating transition probability, and 4) inferring 

potential causal association. 

a) Selecting a latent status profile 

First, exploratory cross-sectional LCA was performed across time points (2020 to 2022 

survey). The model fit criteria indicated that the 3-status model fit our data, at every time 

point, most appropriately (Table 2). The AIC, BIC, and ABIC assessed that the model fit 

would be best at the 3-status profile (i.e., number of statuses was 3), because that was the 

point of reflection across the time points (Appendix 19). After building off the number of 

statuses, we estimated each sleep disturbance items’ response probability of being assigned 

in each separated status to interpret those statuses easily. Figure 13a-c plots each item-

response probabilities for the 3-status profile. As a result, each status was characterized as 

follows: reference (status 1, n=918), sleep continuity problems (status 2, n=767), and 

overall sleep problems (status 3, n=245). The sample characteristics by latent status are 

presented in Table 3. Similar findings were obtained from a sensitivity analysis performed 

on participants who completed all three surveys (Appendix 20).  
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Table 2. Fit statistics for latent models of sleep disturbances with different 

number statuses  

No. of status LL G2 AIC BIC ABIC Entropy 

2020 survey       

2 -11393.4 3392.14 3466.14 3672.06 3554.51 0.74 

3 -11161 2927.42 3039.42 3351.07 3173.16 0.74 

4 -11041.5 2688.34 2838.34 3255.74 3017.46 0.73 

5 -10943.9 2493.14 2681.14 3204.27 2905.63 0.74 

2021 survey       

2 -8009.47 2581.6 2655.6 2848.43 2730.9 0.77 

3 -7861.43 2285.52 2397.52 2689.37 2511.48 0.70 

4 -7783.08 2128.83 2278.83 2669.69 2431.45 0.74 

5 -7754.94 2072.54 2260.54 2750.43 2451.83 0.75 

2022 survey       

2 -7838.92 2909.15 2983.15 3171.6 3054.08 0.78 

3 -7637.76 2506.82 2618.82 2904.05 2726.17 0.78 

4 -7529.83 2290.97 2440.97 2822.97 2584.74 0.78 

5 -7466.35 2164.02 2352.02 2830.8 2532.22 0.79 

Notes. LL=Log Likelihood; G2= likelihood ratio statistics; AIC=Akaike Information Criterion; 

BIC=Bayesian Information Criterion. 

  



53 

 

Figure 13. Item-response probabilities from the three-status model of the sleep 

disturbances. (a) Probability of answering “never” for each item, (b) Probability 

of answering “less than one time per week” response for each item, (c) Probability 

of answering “more than one time per week” response for each item. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes. S1 -S9 are items of sleep disturbances in PSQI. S1: wake up in the middle of the night or 

early morning;S2: Have to get up to use the bathroom; S3: Cannot breathe comfortably; S4: Cough 

or snore loudly; S5: Feel too cold;S6: Feel too hot; S7: Have bad dreams; S8: Have pain; S9: Other 

reason(s)   

(a)  

(b)  

(c)  
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Table 3. Demographic characteristics at baseline by latent status of sleep disturbances   

 reference  

(N=918) 
 sleep continuity 

prob (N=767) 
 overall sleep  

prob (N=245) 
p-value 

  N %   N %   N % 

Age, Mean (SD) 
55.2 (9.35) 

 
55.6 (9.24) 

 
56.3 (8.60) 0.20 

Sex  

        

0.26 

men 317 (34.53) 
 

267 (34.81) 
 

98 (40.00)  

women 601 (65.47)  500 (65.19)  147 (60.00)  

Smoking          0.97 

never 641 (69.83)  537 (70.01)  175 (71.43)  

past 172 (18.74)  140 (18.25)  45 (18.37)  

current 105 (11.44)  90 (11.73)  25 (10.20)  

Drinking         0.16 

never 179 (19.50)  163 (21.25)  60 (24.49)  

past 52 (5.66)  28 (3.65)  10 (4.08)  

current 687 (74.84)  576 (75.10)  175 (71.43)  

Regular exercise         0.24 

low (0 min/per week) 445 (48.47)  339 (44.20)  109 (44.49)  

middle (less 150 min/per week) 109 (11.87)  99 (12.91)  39 (15.92)  

high (over 150 min/ per week) 634 (39.65)  329 (42.89)  97 (39.59)  

Marital status         0.14 

never married 59 (6.43)  49 (6.39)  7 (2.86)  

living together 796 (86.71)  650 (84.75)  224 (91.43)  

living alone 6 (0.65)  9 (1.17)  1 (0.41)  

divorced or widowed 57 (6.21)  59 (7.69)  13 (5.31)  

Educational year         0.11 

≤ 6 years 17 (1.85)  30 (3.91)  6 (2.45)  

≤ 9 years 56 (6.10)  49 (6.39)  13 (5.31)  

≤ 12 years 321 (34.97)  279 (36.38)  77 (31.43)  

> 12 years 524 (57.08)  409 (53.32)  149 (60.82)  
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Table 3. Demographic characteristics at baseline by latent profiles of sleep disturbance (continued) 

 

reference 

(N=918) 
 

sleep continuity 

prob (N=767) 
 

overall sleep  

prob (N=245) 
p-value 

N %  N %  N % 

Household income         0.93 

Q1 185 (20.15)  167 (21.77)  44 (17.96)  

Q2 300 (32.68)  244 (31.81)  83 (33.88)  

Q3 175 (19.06)  142 (18.51)  47 (19.18)  

Q4 258 (28.10)  214 (27.90)  71 (28.98)  

Disease history         0.67 

no 520 (56.64)  438 (57.11)  132 (53.88)  

yes 398 (43.36)  329 (42.89)  113 (46.12)  

Current medication intake         0.63 

no  607 (66.12)  500 (65.19)  154 (62.86)  

yes 311 (33.88)  267 (34.81)  91 (37.14)  

PHQ-9 scores, Mean (SD)          

2020 survey 1.2 (1.97) 
 

3.3 (3.69) 
 

6.8 (5.19) <0.01 

2021 survey 
5.0 (5.02) 

 
4.9 (5.10) 

 
4.4 (4.40) 

0.34 

2022 survey 4.4 (4.84) 
 

4.8 (5.08) 
 

3.9 (4.20) 0.12 

PCL-5 scores, Mean (SD)          

2020 survey 6.2 (6.43) 
 

11.9 (9.70) 
 

20.6 (14.09) <0.01 

2021 survey 
9.8 (11.78) 

 
10.2 (12.17) 

 
7.6 (9.81) 

0.04 

2022 survey 10.3 (12.45)   11.0 (13.19)   9.1 (11.14) 0.26 

Notes. Sum of numbers may not reflect the total number in group due to missing values. Prob=problem 
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b) Interpretation of latent status  

The conditional prevalence of sleep disturbance status across time provided the information 

about the changing patterns of sleep disturbance across the COVID-19 phases (Figure 14, 

Table 4). The majority status was reference (status 1) at the 2020 survey, composed of 

approximately 46% participants, and at the 2021 and 2022 surveys was sleep continuity 

problems (status 2), composed of about 45% and 43% of participants, respectively. The 

overall sleep problems (status3) was the minority status at the 2020 survey and comprised 

approximately 11% of participants; however, it steadily increased in prevalence over time 

and became the second highest status in the 2022 survey, comprising approximately 32% 

of participants. On the other hand, reference (status 1) was the majority status at the 2020 

survey; however, it steadily decreased in prevalence over time and became the minority 

status in the. 2022 survey. This results indicate that, after the outbreak of COVID-19, 

overall sleep disturbance might increase over time, and the majority of people might 

experience sleep continuity problems. Similar patterns were shown from a sensitivity 

analysis performed on the participants who completed all three surveys (Appendix 21).  
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Figure 14. Prevalence of latent statuses of sleep disturbance across the surveys 

 

 

 

Table 4. Prevalence of latent statuses of sleep disturbance across the surveys 

  Latent status 

  reference sleep continuity prob overall sleep prob 

2020 survey 46.1 42.9 11.0 

2021 survey 38.3 44.7 17.0 

2022 survey 24.5 43.3 32.2 

Notes. Covariates included age, socioeconomic status, lifestyle factors, comorbidity, and 

current medication intake. Bolds indicate the highest prevalence among sleep disturbances 

at each survey. Prob=problem. 
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In a sex-based stratified analysis, in both men and women, sleep continuity problems 

(status2) and overall sleep problems (status3) increased in prevalence over time and took 

the first and second statuses in the survey conducted in 2022, while reference (status 1) had 

the lowest prevalence at the 2022 survey (Figure 15, Table 5). For men, there was no 

significant difference in the prevalence of each status in the 2021 survey compared to the 

2020 survey, but the prevalence change was greater in the 2022 survey. For women, the 

prevalence change of each status was shown in the 2021 survey. 

In an age-based stratified analysis, sleep continuity problems (status 2) showed 

heterogeneous patterns in prevalence over time, with the sleep continuity problems (status 

2) consistently decreasing in participants aged 30-40 years and increasing in participants 

aged 50-60 years (Figure 16, Table 6). In addition, for participants aged 30-40 years, 

reference (status 1) had the highest prevalence throughout all surveys, whereas in the group 

aged 50-60 years, the prevalence of reference (status 1) gradually decreased from the 

highest to the lowest prevalence from the 2020 survey to the 2022 survey. 
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Figure 15. Sex-specific prevalence of latent statuses of sleep disturbance across the surveys  

 

 

 

Table 5. Sex-specific prevalence of latent statuses of sleep disturbance across the surveys 

 Latent status 
 Men  Women 

  reference 
sleep continuity 

prob 

overall sleep 

prob 
  reference 

sleep continuity 

prob 

overall sleep 

prob 

2020 survey 46.4 43.1 10.5  47.0 44.8 8.2 

2021 survey 46.8 41.2 12.0  35.2 49.3 15.5 

2022 survey 25.7 48.0 26.3   23.4 45.8 30.8 

Notes. Covariates included age, socioeconomic status, lifestyle factors, comorbidity, and current medication intake.  

Bolds indicate the highest prevalence among sleep disturbances at each survey. Prob=problem. 

(a) Men (b) Women 
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Figure 16. Age-specific prevalence of latent statuses of sleep disturbance across the surveys 

 

 

 

Table 6. Age-specific prevalence of latent statuses of sleep disturbance across the surveys 
 Latent status 

 30-40 years  50-60 years 

  reference 
Sleep continuity 

prob 
overall sleep 

prob 
  reference 

Sleep 

continuity prob 
overall sleep 

prob 

2020 survey 53.4 39.4 7.2  45.7 43.5 10.8 

2021 survey 52.5 31.3 16.2  36.3 48.2 15.5 

2022 survey 39.4 24.9 35.7   19.6 51.4 29.0 

Notes. Covariates included age, socioeconomic status, lifestyle factors, comorbidity, and current medication intake.  

Bolds indicate the highest prevalence among sleep disturbances at each survey. Prob=problem. 

(a) 30-40 years (a) 50-60 years 
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c) Estimating transition probability 

The transition probability represented the patterns that a specific sleep disturbance would 

be present at the 2021 survey conditional on the 2020 survey and at the 2022 survey 

conditional on the 2021 survey (Table 7). From the 2020 to 2021 surveys, the transition of 

participants in reference and overall sleep problems status into sleep continuity problems 

status was primarily observed. Diagonal elements represented the probability of individuals 

who had the same status at both times. For instance, a participant in reference status at the 

2020 survey had a probability of 0.47 that they would be classified as sleep continuity 

problems status at the 2021 survey, while they had a probability of changing to the overall 

sleep problems at the 2021 survey (transition probability=0.13). From the 2021 to 2022 

surveys, there was less transition of participants than before, while the majority remained 

in the same status category. For example, individuals in the overall sleep problems status 

at the 2021 survey had a probability of 0.83 that they would still be classified as overall 

sleep problems status at the 2022 survey. Further, the results of the sensitivity analysis that 

was conducted on the participants who completed all three surveys had similar patterns to 

the above results (Appendix 22). 
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Table 7. Transition probabilities of latent statuses of sleep disturbance across the surveys 
 2021 survey    2022 survey 

  reference 

sleep 

continuity 

prob 

overall 

sleep 

prob  

    reference 

sleep 

continuity 

prob 

overall 

sleep 

prob  

2020 survey     2021 survey    

reference 0.40 0.47 0.13  reference 0.59 0.29 0.12 

sleep continuity prob 0.39 0.45 0.16  sleep continuity prob 0.01 0.71 0.28 

overall sleep prob  0.40 0.47 0.13   overall sleep prob  0.03 0.15 0.83 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and current medication intake.  

Bold indicates the highest transition probabilities among sleep disturbances between surveys. Prob=problem. 
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According to sex- and age-based stratified analyses of the survey data from 2020 to 2021, 

women and people in their 50-60s were more likely to transition from the reference and 

overall sleep problems statuses to the sleep continuity problems status, whereas men and 

people in their 30-40s showed a majority transition from the sleep continuity problems and 

overall sleep problems statuses into the reference status (Table 8-9). From the 2021 to 2022 

surveys, similar to the above results, there was less transition of the participants than before, 

while the majority remained in the same status. 

These results suggest that, in the first year after the COVID-19 outbreak, the transition 

patterns of status to sleep continuity problems was high, followed by transition to reference 

status, especially for women and participants aged 50-60 years. On the other hand, after the 

first year of the COVID-19 outbreak, there was a pattern of maintaining the same status, 

and the probability that participants had the same status was in order of overall sleep 

problems, sleep continuity problems, and reference.
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Table 8. Sex-specific transition probabilities of latent statuses of sleep disturbance across the surveys 
 2021 survey     2022 survey 

  reference 

sleep 

continuity 

prob 

overall 

sleep 

prob 

    reference 

sleep 

continuity 

prob 

overall 

sleep 

prob 

Men         

2020 survey     2021 survey    

reference 0.48 0.37 0.14  reference 0.54 0.32 0.13 

sleep continuity prob 0.46 0.44 0.10  sleep continuity prob 0.00 0.75 0.25 

overall sleep prob 0.42 0.46 0.12   overall sleep prob 0.02 0.17 0.80 

Women         

2020 survey     2021 survey    

reference 0.35 0.52 0.13  reference 0.63 0.28 0.10 

sleep continuity prob 0.35 0.46 0.19  sleep continuity prob 0.02 0.69 0.29 

overall sleep prob 0.38 0.50 0.12   overall sleep prob 0.02 0.14 0.83 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and current medication intake.  

Bold indicates the highest transition probabilities among sleep disturbances between surveys. Prob=problem.  
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Table 9. Age-specific transition probabilities of latent statuses of sleep disturbance across the surveys 
 2021 survey     2022 survey 

  reference 

sleep 

continuity 

prob 

overall 

sleep 

prob 

    reference 

sleep 

continuity 

prob 

overall 

sleep 

prob 

30-40 years         

2020 survey     2021 survey    

reference 0.61 0.27 0.12  reference 0.72 0.08 0.19 

sleep continuity prob 0.43 0.37 0.20  sleep continuity prob 0.00 0.58 0.42 

overall sleep prob 0.42 0.31 0.28   overall sleep prob 0.09 0.14 0.77 

50-60 years         

2020 survey     2021 survey    

reference 0.32 0.52 0.16  reference 0.51 0.39 0.10 

sleep continuity prob 0.39 0.45 0.16  sleep continuity prob 0.02 0.73 0.25 

overall sleep prob 0.42 0.46 0.12   overall sleep prob 0.01 0.14 0.85 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and current medication intake.  

Bold indicates the highest transition probabilities among sleep disturbances between surveys. Prob=problem.  
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d) Potential causal association with distal outcomes over time 

First, Table 10 shows the estimated PHQ-9 and PCL-5 scores according to changing of 

each latent status from the 2020 to 2022 surveys. The reference groups were defined as the 

groups changing from any status (i.e., reference, sleep continuity problems, or overall sleep 

problems status) into reference status. These groups were considered as a group that might 

positively improve the symptom of sleep disturbance during the COVID-19 phases. Among 

all groups of changing status, the groups changing from any status into sleep continuity 

problems status had significantly higher estimates on both PTSS and depressive symptoms 

than did the reference groups (reference → sleep continuity problems: PCL-5 estimate 

=16.23, PHQ-9 estimate=5.87; sleep continuity problems → sleep continuity problems: 

PCL-5 estimate =19.27, PHQ-9 estimate=6.14; overall sleep problems → sleep continuity 

problems: PCL-5 estimate =11.60, PHQ-9 estimate=4.36). In particular, among those 

results, the group that transitioned from sleep continuity problems to sleep continuity 

problems status (i.e., that maintained the sleep continuity problems status) showed the most 

significant association with the outcomes, respectively. The groups changing from any 

status into overall sleep problems status presented a significant association with outcomes; 

however, the estimates were lower than those for the group changing into the sleep 

continuity problems status.   
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Table 10. Association of changes in the latent statuses of sleep disturbance with PTSS and depressive 

symptoms during the surveys 

Change of status 
PCL-5 scores   PHQ-9 scores 

estimate SE p-value   estimate SE p-value 

reference → reference ref  ref 

 → sleep continuity prob 16.23 (1.50) <0.01  5.87 (0.51) <0.01 

 → overall sleep prob 4.97 (0.62) <0.01  1.96 (0.29) <0.01 

   
   

 
   

sleep continuity prob → reference ref  ref 

 → sleep continuity prob 19.27 (5.52) <0.01  6.14 (1.72) <0.01 

 → overall sleep prob 14.25 (6.33) 0.02  4.72 (2.00) 0.02 

   
   

 
   

overall sleep prob → reference ref  ref 

 → sleep continuity prob 11.60 (1.30) <0.01  4.36 (0.52) <0.01 

  → overall sleep prob 3.26 (0.80) <0.01   1.39 (0.36) <0.01 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and current medication intake. 

Prob=problem. 
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According to sex- and age-based stratified analyses, in the groups of women and 

participants aged 50-60 years, the majority estimates observed by groups changing from 

any status into the sleep continuity problems status had more significant association with 

PTSS and depressive symptoms than did the groups of men and participants aged 30-40 

years (Table 11-12). However, men who maintained the sleep continuity problems status 

during the COVID-19 phases (i.e., changed from sleep continuity problems to sleep 

continuity problems) had slightly higher scores for PTSS and depressive symptoms than 

did women (men: PCL-5 estimate =20.45, PHQ-9 estimate=10.18; women: 18.79, 6.79). 

To sum up, these results suggest that changing sleep status to sleep continuity problems is 

a risk factor for PTSS and depressive symptoms especially for women and people aged 50-

60 years during the COVID-19 phases. In addition, the maintenance of sleep continuity 

problems status might have more negative association with those symptoms for men and 

people aged 50-60 years.  
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Table 11. Sex-specific association of changes in the latent statuses of sleep disturbance with PTSS and depressive symptoms during the surveys 

Change of status 
PCL-5 scores   PHQ-9 scores 

estimate SE p-value   estimate SE p-value 

Men          

reference → reference ref  ref 

 → sleep continuity prob 12.17 (2.16) <0.01  4.62 (0.76) <0.01 

 → overall sleep prob 4.14 (1.21) <0.01  1.50 (0.49) <0.01 

          

sleep continuity prob → reference ref  ref 

 → sleep continuity prob 20.45 (4.58) <0.01  10.18 (0.75) <0.01 

 → overall sleep prob 20.83 (6.27) <0.01  2.10 (0.55) <0.01 

          

overall sleep prob → reference ref  ref 

 → sleep continuity prob 4.02 (7.11) 0.57  0.34 (0.86) 0.69 

  → overall sleep prob -1.99 (4.02) 0.62   1.00 (0.81) 0.22 

Women          

reference → reference ref  ref 

 → sleep continuity prob 18.59 (1.99) <0.01  6.52 (0.67) <0.01 

 → overall sleep prob 5.39 (0.71) <0.01  2.22 (0.35) <0.01 

          

sleep continuity prob → reference ref  ref 

 → sleep continuity prob 18.79 (7.50) 0.01  6.79 (2.24) <0.01 

 → overall sleep prob 11.53 (8.42) 0.17  5.96 (2.42) 0.01 

          

overall sleep problems → reference ref  ref 

 → sleep continuity prob 12.35 (1.68) <0.01  4.57 (0.67) <0.01 

  → overall sleep prob 3.16 (1.00) <0.01   1.76 (0.48) <0.01 

Notes. Covariates included age, socioeconomic status, lifestyle factors, comorbidity, and current medication intake. Prob=problem.  
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Table 12. Age-specific association of changes in the latent statuses of sleep disturbance with PTSS and depressive symptoms during the surveys 

Change of status 
PCL-5 scores  PHQ-9 scores 

estimate SE p-value   estimate SE p-value 

30-40 years          

reference → reference ref  ref 

 → sleep continuity prob 15.54 (3.19) <0.01  5.68 (0.89) <0.01 

 → overall sleep prob 6.96 (1.65) <0.01  2.30 (0.66) <0.01 

          

sleep continuity prob → reference ref  ref 

 → sleep continuity prob 15.45 (3.58) <0.01  5.49 (1.06) <0.01 

 → overall sleep prob 7.85 (2.18) <0.01  5.48 (3.67) 0.14 

          

overall sleep prob → reference ref  ref 

 → sleep continuity prob 9.71 (2.78) <0.01  4.41 (1.13) <0.01 

  → overall sleep prob 1.65 (2.11) 0.43   1.17 (0.82) 0.15 

50-60 years          

reference → reference ref  ref 

 → sleep continuity prob 16.40 (1.68) <0.01  5.79 (0.61) <0.01 

 → overall sleep prob 4.21 (0.61) <0.01  1.72 (0.32) <0.01 

          

sleep continuity prob → reference ref  ref 

 → sleep continuity prob 20.58 (6.99) <0.01  6.40 (2.37) 0.01 

 → overall sleep prob 14.70 (7.77) 0.06  4.79 (2.58) 0.06 

          

overall sleep prob → reference ref  ref 

 → sleep continuity prob 12.34 (1.45) <0.01  4.45 (0.56) <0.01 

 → overall sleep prob 3.82 (0.82) <0.01   1.46 (0.38) <0.01 

Notes. Covariates included sex, socioeconomic status, lifestyle factors, comorbidity, and current medication intake. Prob=problem.  
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Second, the predicted average estimate of PHQ-9 and PCL-5 scores for each latent status 

over time is shown in Table 13. For the depressive symptoms, among sleep disturbance, 

sleep continuity problems status predicted the highest PHQ-9 scores of 7.27 significantly, 

and this estimate could be interpreted to mean that the participant in sleep continuity 

problems status might have a high possibility of mild depression over time. In addition, 

overall sleep problems status significantly predicted the PHQ-9 score of 3.23 over time, 

whereas a status of reference predicted the lowest PHQ-9 score of 0.92 but without 

significance. For the PTSS symptoms, similar to the results above, sleep continuity 

problems status significantly inferred the highest PCL-5 score of 21.83 over time. This 

estimate could be considered high even though it might not reach the PTSS cutoff, which 

was recommended above 31 to 33.78 Moreover, a status of overall sleep problems 

significantly inferred the PCL-5 score of 11.78 over time, followed by reference status of 

5.57. Further, the results of the sensitivity analysis conducted on participants who 

completed all three surveys had similar patterns to the above results (Appendix 23). 

 

  



72 

 

Table 13. Possible association of latent statuses of sleep disturbance with distal PTSS 

and depressive symptoms over time 
 PCL-5 scores  PHQ-9 scores 

  estimate CI  estimate CI 

reference 5.57 (5.10 - 6.04)  0.92 (0.77 - 1.07) 

sleep continuity prob 21.83 (19.86 - 23.81)  7.27 (6.54 - 8.00) 

overall sleep prob 11.78 (10.95 - 12.61)  3.23 (2.92 - 3.54) 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, 

and current medication intake. Prob=problem. 
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The sex- and age-based stratified results showed associations similar to those above, but 

there was no significant difference of the estimates between the stratified groups (men vs 

women, 30-40 years vs. 50-60 years) (Table 14-15). The sleep continuity problems status 

was the factor that significantly predicted the highest PHQ-9/PCL-5 scores over time, 

followed by the overall sleep problems status. These findings might suggest a potential 

causal association between PTSS/depressive symptoms and particularly interrupted sleep 

over time, after the overall COVID-19 phase.  
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Table 14. Sex-specific possible association of latent statuses of sleep disturbance with 

distal PTSS and depressive symptoms over time 
 PCL-5 scores  PHQ-9 scores 

  estimate CI   estimate    CI 

Men          

reference 5.72 (4.92 - 6.52)  1.00 (0.74 - 1.27) 

sleep continuity prob 19.50 (16.61 - 22.40)  7.31 (6.25 - 8.37) 

overall sleep prob 12.07 (10.66 - 13.49)   3.24 (2.71 - 3.78) 

Women 
  

 
 

  
 

 
 

reference 5.48 (4.90 - 6.05)  0.88 (0.71 - 1.06) 

sleep continuity prob 23.24 (20.60 - 25.88)  7.18 (6.19 - 8.16) 

overall sleep prob 11.75 (10.72 - 12.79)   3.27 (2.88 - 3.67) 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and 

current medication intake. Prob=problem. 

 

Table 15. Age-specific possible association of latent statuses of sleep disturbance with 

distal PTSS and depressive symptoms over time 
 PCL-5 scores  PHQ-9 scores 

  estimate    CI  estimate CI 

30-40 years          

reference 5.31 (4.40 - 6.22)  0.97 (0.68 - 1.27) 

sleep continuity prob 21.37 (17.14 - 25.59)  6.91 (5.19 - 8.63) 

overall sleep prob 13.17 (11.38 - 14.96)  3.44 (2.82 - 4.06) 

50-60 years 
  

 
 

  
 

 
 

reference 5.70 (5.16 - 6.25)  0.90 (0.73 - 1.08) 

sleep continuity prob 22.04 (19.86 - 24.22)  7.32 (6.53 - 8.11) 

overall sleep prob 11.07 (10.15 - 12.00)  3.11 (2.74 - 3.47) 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and 

current medication intake. Prob=problem. 
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IV. DISCUSSION  

1. Summary of findings 

We examined the comorbidity network structure of PTSS and depressive symptoms in the 

general population of South Korea, throughout the COVID-19 pandemic. The results of 

our study offer new insights regarding how the comorbidity network between PTSS and 

depressive symptoms was constructed after the outbreak of COVID-19. In the majority of 

the results, depressed mood was the central symptom and sleep problems was the bridge 

symptom. In particular, sleep problems were consistently identified as the most influential 

bridge symptom for the comorbidity networks of all time-points throughout the pandemic, 

whereas the central symptoms varied. Also, network robustness tests revealed that the 

results for the centrality indices were stable, which is crucial because a stable network 

means the interpretation of the centrality might be accurate. However, by comparing 

networks across time-points for testing invariance, network structure was significantly 

different between the subacute (2020 survey) and chronic (2021 and 2022 surveys) phases 

of COVID-19. For the network approach, our results suggest there might exist a change in 

comorbidity network structure throughout the COVID-19 phases; however, with the bridge 

symptom as a constant.  

In addition, in the LTA, the changing time-point from the subacute to chronic phases 

occurred during the most transition to the sleep continuity problems status among any sleep 

disturbances. During the COVID-19 phases, changing patterns of sleep status to sleep 
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continuity problems is a risk factor for PTSS and depressive symptoms especially for 

women and people aged 50-60 years. Furthermore, the sleep continuity problems status 

significantly inferred the highest subsequent PCL-5 and PHQ-9 scores, especially for 

women and participants aged 50-60 years. Hence, consideration of sleep continuity 

problems at the changing time from the subacute into the chronic phase of COVID-19 

might have an effect on the subsequent structure of PTSS and/or depressive symptoms. 

This may result in an in-depth understanding of how the comorbid psychological symptom 

structures may interact and improve the effectiveness of prevention of comorbidity.  

2. Discussion of study findings 

In our study, depressed mood was estimated as a central symptom in comorbid PTSS-

depressive symptom networks throughout COVID-19. Depressed mood is a main symptom 

for screening depressive disorder based on the DSM-5.102,103 These mood-related symptoms 

might be shared with those of PTSS, because the negative alterations in mood were utilized 

for clinical PTSD screening in the DSM-5 criteria of PTSD.43 After the COVID-19 

outbreak, depressive symptoms, due to social distancing as a means of shutdown, were 

more prevalent than other psychological symptoms in the general population; anxiety or 

depressive symptoms were prevalent in approximately 30% to 48% of people, compared 

with PTSS, which were prevalent in approximately 4.6% to 26.3% of people.9,13-18 Taking 

these facts into account, depressed mood could play a central role in activating and 

maintaining psychological distress, especially throughout the pandemic; however, not 

much research has been done on this subject.43 Therefore, in-depth understanding and 
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implications are needed for depressed mood and its possible effect on overall psychological 

distress after the pandemic especially for the general population. 

In our study, there were changing patterns of PTSS central symptoms (i.e., flashback 

symptoms and subsequent reckless behavior and self-destructive behavior, throughout the 

COVID-19 outbreak); moreover, flashbacks were central in the subacute phase (i.e., 2020 

survey), whereas they were no longer a central symptom in the chronic phase (i.e., in the 

2021 and 2022 surveys). Similar to our study, previous studies exploring the comorbid 

PTSS-depressive symptom network support the notion that flashback is the pivotal and 

most central symptom that shows a specific mechanism.26,45 In addition, prior literature 

conducted before COVID-19 indicates that flashbacks were central symptoms even 

longitudinally.26,43,45,104-106 During traumatic events, people tend to be focused on the source 

of trauma-related danger, which generates re-experienced fragmented memories that are 

hard to control.75,107 In terms of COVID-19, in our study, these collective or mass traumas 

may generate intrusive images (including flashbacks) about the infectious danger during 

the early time of the traumatic events; however the strength of such images may 

subsequently weaken. This may be due to numerous distressing features of the early phase 

of COVID-19 for the public, such as uncertainty about official information on the 

unexpected pandemic, lack of information about disease-specific treatments and protective 

effects of COVID-19-related vaccines, and further misinformation spread indiscriminately 

through mass media.108 According to previous literatures, these intrusive features could 

voluntarily control the possibility of flashback occurrence by the avoidance of trauma-
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related triggers.75 In line with this view, in our study, the changing patterns of flashbacks 

after 1 year of the outbreak may be because of the avoidance of the triggers; for example, 

the provision of reliable announcement of COVID-19 by the World Health Organization 

(WHO) and government quarantine guidelines, and even adaption to the pandemic among 

the public. 

In our study, the reckless and self-destructive behavior symptom was one of the most 

central symptoms of the comorbidity network structure at the chronic phases of COVID-

19. Recently, the reckless and self-destructive behavior symptom, including self-injurious 

or suicidal behavior, was added to the DSM-5 criteria for PTSD diagnosis to account for 

this role.103 The reckless and self-destructive behavior symptom is frequently comorbid 

with PTSS and/or depressive symptoms, which is associated with psychosocial functional 

impairment and poorer treatment.109,110 Such reckless and self-destructive behavior may 

commonly arise in response to traumatic events, and occurrence of reckless behaviors 

might increase the risk of subsequent traumatic events.109,111 Furthermore, a network 

analysis on DSM-5 revision of the PTSD nosology, conducted in the USA before COVID-

19, suggests the existence of close relations between a reckless and self-destructive 

behavior and PTSS clusters.110 Similar to our study, a network analysis conducted for US 

healthy participants during the pandemic, reported that COVID-19-related reckless and 

self-destructive behavior was the most central symptom, even after including the 

depressive symptoms in the network; however, there exists some discrepancy about when 

the reckless and self-destructive behavior was the most central symptom; the reckless and 
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self-destructive behavior was the most central at only the chronic phase in our study.42 

Given that these disagreements in the timing of activating reckless and self-destructive 

behavior after the pandemic could be an important target point of intervention that may 

produce great benefits for the public, further studies are needed to tailor interventions to 

treat these comorbid statuses concurrently. 

In terms of the least central symptom in the comorbidity network, amnesia was loosely 

related to other symptoms. This suggestion is in accordance with previous research 

exploring both PTSD only and the comorbid PTSD-depressive symptom 

network.46,104,106,112,113 This is in line with a systematic review of network approach on PTSS, 

which suggests that for most trauma-exposed individuals, amnesia is not a core symptom.112 

Also, in a meta-analysis, amnesia was found to be among the least central symptoms in the 

network.106 Furthermore, a study about the latent structure of PTSS showed some factor-

analytic results, most notably the consideration of weak loading of amnesia onto the 

corresponding clusters.114 

We also estimated a metric of combined symptoms between PTSS and depressive disorder 

and found that their shared symptoms acted as bridge symptoms. There was much 

heterogeneity in bridge symptoms across studies.26,43,45 In our study, examining bridge 

nodes revealed that sleep disturbance in PCL-5 and sleeping problems in PHQ-9 emerged 

as major bridge symptoms, replicating previous studies.26,43,45 Sleep is an important 

contributor to mental health. Many psychiatric diagnoses, based on the DSM-5, entail sleep 

problems as one of their potential and non-specific symptoms.103 In general, individuals 
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with psychiatric disorders suffer sleep difficulties at a rate of approximately 50-80%.115 

Likewise, PTSS and depression share non-specific psychiatric symptoms for diagnostic 

criteria, such as sleep disturbance and difficulty concentrating.103 In terms of combined 

symptoms between PTSS and depression, sleep problems is observed at high rates and 

closely linked to the progression of these disorders.116,117 Therefore, the high level of 

comorbid symptoms of sleep problems might point to mechanisms that activate between 

disorders. Thus, this point suggests the need for further consideration about effective sleep 

interventions for comorbid PTSD and depression.  

Recently, researchers have highlighted the relevance of repeated measurement in the 

estimation of psychological networks due to the limitations of cross-sectional data.60 

Therefore, with the network approach, several prior studies have attempted to apply a 

person-centered analytic approach.118,119 One study of Dutch patients with traumatic events 

first used LCA to identify subgroups of patients sharing the same symptoms, and second, 

did network analysis by the subgroups.118 In another study, across four time points, the 

authors estimated a four cross-sectional network, similar to our study, and applied latent 

growth curve models, which was a kind of CFA model used specifically to model 

trajectories over time for estimating network structure fit.119,120 

In our study, after building off the network structure, sleep problems were utilized as 

variables of a person-centered approach for targeted intervention. The person-centered 

approach revealed considerable individual differences in the general population with sleep 

problems prospectively with greater variability during COVID-19. The three profiles 
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identified at the 2020 to 2022 surveys (reference, sleep continuity problems, overall sleep 

problems) indicate unique sleep problems that could have varying implications for the 

general population and inform effective interventions for mental health. In addition, we 

suggested that the extent and transition, especially into sleep continuity problems status, 

over time occurred at the subacute phase of COVID-19. These profiles were more stable 

over time compared with the other profile; when transitions were make, there was little 

change between profiles, especially in reference status. These facts are linked with the 

outcomes of PTSS/depressive symptoms. Moreover, these findings might infer the 

potential causal association between PTSS/depressive symptoms and sleep continuity 

problems, after the overall COVID-19 phase. The present results share some similarities 

with those reported in prior studies. First, sleep problems utilizing the PSQI could have 

several distinct profiles (ranging from two to four), with great variety, while there is no 

consistency in that naming.64-68 And second, these latent profiles were also more stable over 

time compared with prior results.121 These findings suggest that the early intervention for 

the general population with specific sleep problems would be preceded. 

Many psychological conditions are associated with sleep disturbances. However, the 

direction of the association between sleep problems and psychological symptoms, and vice 

versa, has remained a controversial issue. This suggests possible bidirectional associations 

between sleep problems and psychological symptoms. In the case of anxiety disorders 

(including PTSD) and mood disorders (including depression), which are addressed in our 

study, most cases of mood disorders appeared simultaneously with (~22%) or after (~40%) 
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insomnia; however, insomnia appeared concurrently (~38%) or following (~34%) the onset 

of the anxiety disorder.122 In addition, approximately one-fifth (21%) and 13% of people 

with sleep problems have depression and anxiety disorders, respectively, and prior 

persistent sleep problems were a significant predictor of both anxiety disorders and 

depression.122-124 On the other hand, patients who experienced acute or chronic traumatic 

events have shorter sleep, and those with PTSS showed longer sleep latency and frequent 

nocturnal awakenings.125-127 Additionally, approximately two-thirds of people with 

depressive symptoms report that they experience sleep problems (sleep-onset insomnia and 

frequent awakenings, etc.), and further, women or the elderly are more likely to report 

experiencing sleep problems than males and younger people.122,128,129 Moreover, younger 

people more prominently experience sleep-onset problems, while older people are more 

likely to experience sleep-continuity problems.128,129 These bidirectional associations may 

be possible because elevated levels of inflammation and soluble intercellular adhesion 

molecules in the brain after trauma-related events are associated with biological 

disposition on sleep difficulties, PTSS, and depressive symptoms; however, more studies 

are needed to confirm this explanation.122,130 

3. Implications of the study 

From the clinical perspective, a network approach for understanding the psychological 

symptom-level interplay has value because symptoms do not occur in isolation.36 However, 

clinical application of these results, such as central and bridge symptoms, should be done 

with caution. For example, the central symptoms may or may not be an effective target for 
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intervention; highly central symptoms are not always viable intervention targets, and the 

high centrality may not always translate into having clinical meaning.131,132 According to a 

recent discussion concerning the validity and appropriateness of central and bridge 

symptom interpretation, symptoms of low centrality, such as suicidal ideation, could have 

the most important clinical implications even if it had low centrality in a network 

meaning.131,132 Therefore, applying the results of network analysis to clinical practice 

should be done with great care; we should have considerable knowledge about the 

characteristics of participants and elements of the network if we intend to choose a clinical 

implication as an intervention target based on a network approach. 

Collectively, the clinical implication of our findings is as follows: Among the general 

population of adults in South Korea who have experienced the COVID-19 pandemic 

directly or indirectly, the bridge symptom that simultaneously activates PTSS and 

depressive symptoms was sleep problems in all phases. Among sleep problems, people who 

had sleep continuity problems during the pandemic were considered as harbingers of the 

psychological conditions, which often begin before the PTSS and depressive symptoms. In 

view of these points, from a public health view, if an infectious epidemic situation (i.e., 

next pandemic) arises in the future, prompt screening of sleep problems and considering 

their status is needed, especially focusing on the tilting point from the subacute to chronic 

phases of the pandemic, in an effort to alleviate both the comorbidity between PTSS and 

depressive symptoms and adverse psychological effects, especially in the general 

population. 
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4. Limitations and Strengths 

The current study has several limitations worth mentioning. First, this study applied a 

repeated cross-sectional design for the network approach, which precludes the ability to 

draw dynamic changes and causal inferences from the network. Future work is needed to 

elucidate symptom prognosis utilizing longitudinal and multi-level models. Second, the 

data regarding PTSS, depressive symptoms, and sleep disturbance assessments were 

obtained using online self-report measures, rather than clinician-administered interviews. 

Particularly, in relation to COVID-19 pandemic experiences, the screening tool was unable 

to identify whether the formal criterion of trauma was satisfied. Third, because sample size 

influences the power to detect network structures, so the unequal participant number 

between phases of the COVID-19 network structure potentially affected the results. To 

address the instability of the network structures when performed on groups of the unequal 

participant number, we conducted several comparison analyses by utilizing network 

comparison tests, running with a random subsample balanced in the number of each 

networks and found the following results: between the 2020 survey and the 2021/2022 

surveys, the network structure were statistically different (2020 vs. 2021: M=0.38, p<0.01; 

2020 vs. 2022: M=0.40, p<0.01), whereas global strengths were not significantly different 

(2020 vs. 2021: s=3.53, p=0.13; 2020 vs. 2022: s=0.72, p=0.78); between the 2021 and 

2022 surveys, network structure invariance (2021 vs. 2022: M=0.17, p=0.62) and global 

strength invariance (2021 vs. 2022: s=1.51, p=0.41) tests indicated that the network 

structures did not significantly vary across surveys. Fourth, our results are difficult to 
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generalize to clinical PTSD participants. It is necessary to fully consider the severity and 

type of trauma of the participants. Finally, we utilized a part of the PSQI for measuring 

sleep disturbance; there need to be further studies for validity. 

Notwithstanding these significant limitations, the main strengths of our study may 

contribute to extant knowledge in the field. First, our research takes into consideration the 

subacute and chronic stages of the COVID-19 pandemic; therefore, comparisons of 

symptom patterns across different stages of the pandemic could be conducted. Second, we 

focused on individual symptoms rather than clusters, which supported us in establishing 

the specific symptom-level associations between the communities. However, our samples 

are racially homogenous and are focused on adults; future research should examine the 

association across more representative samples over the life course. Third, we utilized 

DSM-5 criteria of PTSS for PTSD assessment, such as the negative alterations in mood 

known as depressive-like symptoms. As network analysis is data-driven, including the 

DSM-5 symptoms may provide more considerable vital information on symptom structures. 

Fourth, we applied longitudinal person-centered analysis, such as LTA, to test the transition 

of the symptoms for targeted intervention during COVID-19.  
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V. CONCLUSIONS  

Our results suggest that there might exist a changing pattern in the network structure 

throughout the COVID-19 phases, while the bridge symptom (sleep problems in our study) 

remains constant. In addition, the transition to sleep continuity problems, primarily from 

other sleep disturbances occurred during the time flow from the subacute to chronic phases, 

and this transition has a negative association with PTSS and depressive symptoms. 

Furthermore, people who have symptoms of sleep continuity problems are inferred to 

experience a significant possible adverse impact on PTSS and depressive symptoms over 

time, especially in women and people aged over 50 years.  

Collectively, the clinical implication of our findings is as follows. Among general adults in 

South Korea who have experienced the COVID-19 pandemic directly or indirectly, the 

bridge symptom that simultaneously activates PTSS and depressive symptoms was sleep 

problems in all phases. Among sleep problems, people who had sleep continuity problems 

during the pandemic were considered as harbingers of psychological conditions, which 

often begins before the PTSS and depressive symptoms. Hence, from a public health point 

of view, if an infectious epidemic situation (i.e. next pandemic) arises in the future, prompt 

screening for sleep problems and considering status would be effective as an effort to 

alleviate both the comorbidity of PTSS and depressive symptoms and adverse 

psychological effects, especially by focusing on the tilting point from the subacute to 

chronic phases of the pandemic. 



87 

 

REFERENCES 

1. Venkateswaran KD, Hauser CT. Living with PTSD amid a global pandemic. 

Psychological Trauma: Theory, Research, Practice, and Policy. 2020;12(S1):71-

72. 

2. Reardon S. Ebola's mental-health wounds linger in Africa: health-care workers 

struggle to help people who have been traumatized by the epidemic. Nature. 

2015;519(7541):13-5. 

3. Shin J, Park HY, Kim JL, Lee JJ, Lee H, Lee SH, et al. Psychiatric morbidity of 

survivors one year after the outbreak of Middle East respiratory syndrome in Korea, 

2015. Journal of Korean Neuropsychiatric Association. 2019;58(3):245-51. 

4. Lee AM, Wong JG, McAlonan GM, Cheung V, Cheung C, Sham PC, et al. Stress 

and psychological distress among SARS survivors 1 year after the outbreak. The 

Canadian Journal of Psychiatry. 2007;52(4):233-40. 

5. Lee E. COVID-19 Generation, How Are Your Mental Health. Issue&Disagn. 

2020;414:1-25. 

6. Dean DJ, Tso IF, Giersch A, Lee HS, Baxter T, Griffith T, et al. Cross- cultural 

comparisons of psychosocial distress in the USA, South Korea, France, and Hong 

Kong during the initial phase of COVID-19. Psychiatry research. 

2021(SI);295:113593. 

7. Holmes EA, O'Connor RC, Perry VH, Tracey I, Wessely S, Arseneault L, et al. 

Multidisciplinary research priorities for the COVID-19 pandemic: a call for action 

for mental health science. The Lancet Psychiatry. 2020;7(6):547-60. 



88 

 

8. Han X, Chen S, Bi K, Yang Z, Sun P. Depression following COVID-19  

lockdown in severely, moderately, and mildly impacted areas in China. Frontiers 

in Psychiatry. 2021;12:596872. 

9. Czeisler MÉ, Lane RI, Petrosky E, Wiley JF, Christensen A, Njai R, et al.Mental 

health, substance use, and suicidal ideation during the COVID-19 pandemic—

United States, June 24–30, 2020. Morbidity and Mortality Weekly Report. 

2020;69(32):1049-57. 

10. Jeong H, Park S, Kim J, Oh K, Yim HW. Mental health of Korean adults before 

and during the COVID-19 pandemic: a special report of the 2020 Korea National 

Health and Nutrition Examination Survey. Epidemiology and Health. 

2022;44:e2022042. 

11. Zhang L, Pan R, Cai Y, Pan J. The prevalence of post-traumatic stress disorder in 

the general population during the COVID-19 pandemic: a systematic review and 

single-arm meta-analysis. Psychiatry investigation. 2021;18(5):426-33. 

12. Salehi M, Amanat M, Mohammadi M, Salmanian M, Rezaei N, Saghazadeh A, et 

al. The prevalence of post-traumatic stress disorder related symptoms in 

Coronavirus outbreaks: A systematic-review and meta-analysis. Journal of 

affective disorders. 2021;282:527-38. 

13. Lee E. Mental health check for COVID-19 generation. Issue Analysis. 2020;(414): 

414. 

14. Zhang J, Lu H, Zeng H, Zhang S, Du Q, Jiang T, et al. The differential 

psychological distress of populations affected by the COVID-19 pandemic. Brain, 

behavior, and immunity. 2020;87:49-50. 

 



89 

 

15. Wang C, Pan R, Wan X, Tan Y, Xu L, McIntyre RS, et al. A longitudinal study on 

the mental health of general population during the COVID-19 epidemic in China. 

Brain, behavior, and immunity. 2020;87:40-8. 

16. Bo H-X, Li W, Yang Y, Wang Y, Zhang Q, Cheung T, et al. Posttraumatic stress 

symptoms and attitude toward crisis mental health services among clinically stable 

patients with COVID-19 in China. Psychological medicine. 2021;51(6):1052-3. 

17. Sun S, Goldberg SB, Lin D, Qiao S, Operario D. Psychiatric symptoms,  risk, and 

protective factors among university students in quarantine during  the COVID-19 

pandemic in China. Globalization and Health. 2021;17:1-14. 

18. Tang W, Hu T, Hu B, Jin C, Wang G, Xie C, et al. Prevalence and correlates of 

PTSD and depressive symptoms one month after the outbreak of the COVID-19 

epidemic in a sample of home-quarantined Chinese university students. Journal of 

affective disorders. 2020;274:1-7. 

19. Armenta RF, Walter KH, Geronimo-Hara TR, Porter B, Stander VA, LeardMann 

CA. Longitudinal trajectories of comorbid PTSD and depression symptoms among 

US service members and veterans. BMC psychiatry. 2019;19:1-12. 

20. Liu N, Zhang F, Wei C, Jia Y, Shang Z, Sun L, et al. Prevalence and   predictors 

of PTSS during COVID-19 outbreak in China hardest-hit areas:  Gender 

differences matter. Psychiatry research. 2020;287:112921. 

21. Angelakis S, Nixon RD. The comorbidity of PTSD and MDD: Implicationsfor 

clinical practice and future research. Behaviour Change. 2015;32(1):1-25. 

22. Kopala-Sibley D, Kotov R, Bromet E, Carlson G, Danzig A, Black S, et al. 

Personality diatheses and Hurricane Sandy: Effects on post-disaster 

depression.Psychological Medicine. 2016;46(4):865-75. 



90 

 

23. Flory JD, Yehuda R. Comorbidity between post-traumatic stress disorder   and 

major depressive disorder: alternative explanations and treatment considerations. 

Dialogues in clinical neuroscience. 2022;17(2):141-50. 

24. Ginzburg K, Ein-Dor T, Solomon Z. Comorbidity of posttraumatic stress  

disorder, anxiety and depression: a 20-year longitudinal study of war veterans. 

Journal of affective disorders. 2010;123:249-57. 

25. Bryant RA, O'donnell ML, Creamer M, McFarlane AC, Clark CR, Silove D. The 

psychiatric sequelae of traumatic injury. American Journal of Psychiatry. 

2010;167(3):312-20. 

26. Lazarov A, Suarez-Jimenez B, Levi O, Coppersmith DD, Lubin G, Pine DS,  et 

al. Symptom structure of PTSD and co-morbid depressive symptoms–a network 

analysis of combat veteran patients. Psychological Medicine. 2020;50(13):2154-

70. 

27. Walter KH, Levine JA, Highfill‐McRoy RM, Navarro M, Thomsen CJ. Prevalence 

of posttraumatic stress disorder and psychological comorbidities among US active 

duty service members, 2006–2013. Journal of Traumatic Stress. 2018;31(6):837-

44. 

28. Crum-Cianflone NF, Powell TM, LeardMann CA, Russell DW, Boyko EJ. Mental 

health and comorbidities in US military members. Military medicine. 

2016;181(6):537-45. 

29. Rytwinski NK, Scur MD, Feeny NC, Youngstrom EA. The co‐occurrence of major 

depressive disorder among individuals with posttraumatic stress disorder: A meta‐

analysis. Journal of traumatic stress. 2013;26(3):299-309. 

 



91 

 

30. Panagioti M, Gooding PA, Tarrier N. A meta-analysis of the association  between 

posttraumatic stress disorder and suicidality: the role of comorbid depression. 

Comprehensive psychiatry. 2012;53(7):915-30. 

31. Campbell DG, Felker BL, Liu C-F, Yano EM, Kirchner JE, Chan D, et 

al.Prevalence of depression–PTSD comorbidity: Implications for clinical practice 

guidelines and primary care-based interventions. Journal of general internal 

medicine. 2007;22:711-8. 

32. Robinson E, Sutin AR, Daly M, Jones A. A systematic review and meta-analysis 

of longitudinal cohort studies comparing mental health before versus during the 

COVID-19 pandemic in 2020. Journal of affective disorders. 2022;296:567-76. 

33. Daly M, Robinson E. Psychological distress and adaptation to the COVID-19 crisis 

in the United States. Journal of psychiatric research. 2021;136:603-9. 

34. Chen S, Bi K, Sun P, Bonanno GA. Psychopathology and resilience following 

strict COVID-19 lockdowns in Hubei, China: Examining person-and context-level 

predictors for longitudinal trajectories. American Psychologist. 2022;77(2):262-75. 

35. Tomba E, Bech P. Clinimetrics and clinical psychometrics: macro-and micro-

analysis. Psychotherapy and psychosomatics. 2012;81(6):333-43. 

36. Ge F, Yuan M, Li Y, Zhang J, Zhang W. Changes in the network structure of 

posttraumatic stress disorder symptoms at different time points among youth 

survivors: a network analysis. Journal of affective disorders. 2019;259:288-95. 

37. Borsboom D. A network theory of mental disorders. World psychiatry. 

2017;16(1):5-13. 

 



92 

 

38. McNally RJ. Can network analysis transform psychopathology? Behaviour  

research and therapy. 2016;86:95-104. 

39. McNally RJ, Robinaugh DJ, Wu GW, Wang L, Deserno MK, Borsboom D. Mental 

disorders as causal systems: A network approach to posttraumatic stress disorder. 

Clinical Psychological Science. 2015;3(6):836-49. 

40. Castro D, Ferreira F, de Castro I, Rodrigues AR, Correia M, Ribeiro J, et al. The 

differential role of central and bridge symptoms in deactivating psychopathological 

networks. Frontiers in psychology. 2019;10:2448. 

41. Phillips RD, Wilson SM, Sun D, Workgroup VM-AM, Morey R. Posttraumatic 

stress disorder symptom network analysis in US military veterans: Examining the 

impact of combat exposure. Frontiers in psychiatry. 2018;9:608. 

42. Jiang W, Ren Z, Yu L, Tan Y, Shi C. A network analysis of post-traumaticstress 

disorder symptoms and correlates during the COVID-19 pandemic. Frontiers in 

psychiatry. 2020;11:568037. 

43. Afzali MH, Sunderland M, Teesson M, Carragher N, Mills K, Slade T. A network 

approach to the comorbidity between posttraumatic stress disorder and major 

depressive disorder: The role of overlapping symptoms. Journal of Affective 

Disorders. 2017;208:490-6. 

44. Boschloo L, van Borkulo CD, Rhemtulla M, Keyes KM, Borsboom D, Schoevers 

RA. The network structure of symptoms of the diagnostic and statistical manual of 

mental disorders. PloS one. 2015;10:e0137621. 

45. Mitchell KS, Wolf EJ, Bovin MJ, Lee LO, Green JD, Rosen RC, et al. Network 

models of DSM–5 posttraumatic stress disorder: Implications for ICD–11. Journal 

of abnormal psychology. 2017;126(3):355-66. 



93 

 

46. Duek O, Spiller TR, Pietrzak RH, Fried EI, Harpaz‐Rotem I. Network analysis of 

PTSD and depressive symptoms in 158,139 treatment‐seeking veterans with PTSD. 

Depression and anxiety. 2021;38(5):554-62. 

47. Chen S, Bi K, Lyu S, Sun P, Bonanno GA. Depression and PTSD in the aftermath 

of strict COVID-19 lockdowns: a cross-sectional and longitudinal network analysis. 

European journal of psychotraumatology. 2022;13(2):2115635. 

48. Bryant RA, Creamer M, O’Donnell M, Forbes D, McFarlane AC, Silove D, et al. 

Acute and chronic posttraumatic stress symptoms in the emergence of 

posttraumatic stress disorder: A network analysis. JAMA psychiatry. 

2017;74(2):135-42. 

49. Segal A, Wald I, Lubin G, Fruchter E, Ginat K, Yehuda AB, et al. Changes in the 

dynamic network structure of PTSD symptoms pre-to-post combat. Psychological 

medicine. 2020;50(5):746-53. 

50. Sateia MJ. International classification of sleep disorders. Chest. 2014;146(5):1387-

94. 

51. Ohayon MM. Prevalence and comorbidity of sleep disorders in general population. 

La Revue du praticien. 2007;57(14):1521-8. 

52. Elder SJ, Pisoni RL, Akizawa T, Fissell R, Andreucci VE, Fukuhara S, et al. Sleep 

quality predicts quality of life and mortality risk in haemodialysis patients: results 

from the Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrology 

Dialysis Transplantation. 2008(3);23:998-1004. 

53. Wong MM, Brower KJ. The prospective relationship between sleep problems and 

suicidal behavior in the National Longitudinal Study of Adolescent Health. Journal 

of psychiatric research. 2012;46(7):953-9. 



94 

 

54. Jahrami H, BaHammam AS, Bragazzi NL, Saif Z, Faris M, Vitiello MV. Sleep 

problems during the COVID-19 pandemic by population: a systematic review and 

meta-analysis. Journal of Clinical Sleep Medicine. 2021;17(2):299-313. 

55. Cao XL, Wang SB, Zhong BL, Zhang L, Ungvari GS, Ng CH, et al. The prevalence 

of insomnia in the general population in China: a meta-analysis. PloS one. 

2017;12(2):e0170772. 

56. Ali AM, Alkhamees AA, Abd Elhay ES, Taha SM, Hendawy AO. COVID-19-

related psychological trauma and psychological distress among community-

dwelling psychiatric patients: people struck by depression and sleep disorders 

endure the greatest burden. Frontiers in public health. 2021;9:799812. 

57. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S, Mohammadi 

M, et al. Prevalence of stress, anxiety, depression among the general population 

during the COVID-19 pandemic: a systematic review and meta-analysis. 

Globalization and health. 2020;16:1-11. 

58. Alimoradi Z, Broström A, Tsang HW, Griffiths MD, Haghayegh S, Ohayon MM, 

et al. Sleep problems during COVID-19 pandemic and its’ association to 

psychological distress: A systematic review and meta-analysis. EClinicalMedicine. 

2021;36:100916. 

59. Koh HW, Lim RBT, Chia KS, Lim WY. The Pittsburgh Sleep Quality Index in a 

multi-ethnic Asian population contains a three-factor structure. Sleep and 

Breathing. 2015;19:1147-54. 

60. Costantini G, Richetin J, Preti E, Casini E, Epskamp S, Perugini M. Stability and 

variability of personality networks. A tutorial on recent developments in network 

psychometrics. Personality and Individual Differences. 2019;136:68-78. 



95 

 

61. Cole JC, Motivala SJ, Buysse DJ, Oxman MN, Levin MJ, Irwin MR. Validation 

of a 3-factor scoring model for the Pittsburgh sleep quality index in older adults. 

Sleep. 2006;29(1):112-6. 

62. Magee CA, Caputi P, Iverson DC, Huang X-F. An investigation of the 

dimensionality of the Pittsburgh Sleep Quality Index in Australian adults. Sleep 

and Biological Rhythms. 2008;6:222-7. 

63. Casement MD, Harrington KM, Miller MW, Resick PA. Associations between 

Pittsburgh Sleep Quality Index factors and health outcomes in women with 

posttraumatic stress disorder. Sleep medicine. 2012;13(6):752-8. 

64. Yu J, Mahendran R, Abdullah FNM, Kua E-H, Feng L. Self-reported sleep 

problems among the elderly: A latent class analysis. Psychiatry research. 

2017;258:415-20. 

65. Yildirim A, Boysan M. Heterogeneity of sleep quality based on the Pittsburgh 

Sleep Quality Index in a community sample: A latent class analysis. Sleep and 

Biological Rhythms. 2017;15:197-205. 

66. Dzierzewski JM, Mitchell M, Rodriguez JC, Fung CH, Jouldjian S, Alessi CA, et 

al. Patterns and predictors of sleep quality before, during, and after hospitalization 

in older adults. Journal of Clinical Sleep Medicine. 2015;11(1):45-51. 

67. Leigh L, Hudson IL, Byles JE. Sleeping difficulty, disease and mortality in older 

women: a latent class analysis and distal survival analysis. Journal of sleep 

research. 2015(6);24:648-57. 

68. Leigh L, Hudson IL, Byles JE. Sleep difficulty and disease in a cohort of very old 

women. Journal of aging and health. 2016;28(6):1090-104. 



96 

 

69. Wolf EJ, Miller MW, Reardon AF, Ryabchenko KA, Castillo D, Freund R. A latent 

class analysis of dissociation and posttraumatic stress disorder: Evidence for a 

dissociative subtype. Archives of General Psychiatry. 2012;69(7):698-705. 

70. Li Y, Aggen S, Shi S, Gao J, Tao M, Zhang K, et al. Subtypes of major depression: 

latent class analysis in depressed Han Chinese women. Psychological medicine. 

2014;44(15):3275-88. 

71. Bora E, Veznedaroğlu B, Vahip S. Theory of mind and executive functions in 

schizophrenia and bipolar disorder: a cross-diagnostic latent class analysis for 

identification of neuropsychological subtypes. Schizophrenia research. 2016(2-

3);176:500-5. 

72. Abarda A, Dakkon M, Azhari M, Zaaloul A, Khabouze M. Latent transition 

analysis (LTA): A method for identifying differences in longitudinal change 

among unobserved groups. Procedia Computer Science. 2020;170:1116-21. 

73. Bonanno GA, Brewin CR, Kaniasty K, Greca AML. Weighing the costs of disaster: 

Consequences, risks, and resilience in individuals, families, and communities. 

Psychological science in the public interest. 2010;11(1):1-49. 

74. Malaktaris AL, Lynn SJ. The phenomenology and correlates of flashbacks in 

individuals with posttraumatic stress symptoms. Clinical Psychological Science. 

2019;7(2):249-64. 

75. Brewin CR, Gregory JD, Lipton M, Burgess N. Intrusive images in psychological 

disorders: characteristics, neural mechanisms, and treatment implications. 

Psychological review. 2010;117(1):210. 

76. Chamberlain SR, Grant JE, Trender W, Hellyer P, Hampshire A. Post-traumatic 

stress disorder symptoms in COVID-19 survivors: online population survey. 

BJPsych open. 2021;7(2):e47. 



97 

 

77. Shim JS, Song BM, Lee JH, Lee SW, Park JH, Choi DP, et al. Cardiovascular and 

Metabolic Diseases Etiology Research Center (CMERC) cohort: study protocol 

and results of the first 3 years of enrollment. Epidemiology and health. 

2017;39:e2017016. 

78. Blevins CA, Weathers FW, Davis MT, Witte TK, Domino JL. The posttraumatic 

stress disorder checklist for DSM‐5 (PCL‐5): Development and initial 

psychometric evaluation. Journal of traumatic stress. 2015;28(6):489-98. 

79. Kroenke K, Spitzer RL, Williams JB. The PHQ‐9: validity of a brief depression 

severity measure. Journal of general internal medicine. 2001;16(9):606-13. 

80. Park SJ, Choi HR, Choi JH, Kim KW, Hong JP. Reliability and validity of the 

Korean version of the Patient Health Questionnaire-9 (PHQ-9). Anxiety and mood. 

2010;6(2):119-24. 

81. Kim WH, Jung YE, Roh D, Kim D, Chae JH, Park JE. Development of Korean 

Version of PTSD Checklist for DSM-5 (K-PCL-5) and the Short Form (K-PCL-5-

S). Psychiatry Investigation. 2022;19(8):661-7. 

82. Buysse DJ, Reynolds III CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh 

Sleep Quality Index: a new instrument for psychiatric practice and research. 

Psychiatry research. 1989;28(2):193-213. 

83. Weller BE, Bowen NK, Faubert SJ. Latent class analysis: a guide to best practice. 

Journal of Black Psychology. 2020;46(4):287-311. 

84. Sohn SI, Kim DH, Lee MY, Cho YW. The reliability and validity of the Korean 

version of the Pittsburgh Sleep Quality Index. Sleep and Breathing. 2012;16:803-

12. 

 



98 

 

85. Connor KM, Davidson JR. Development of a new resilience scale: The Connor‐

Davidson resilience scale (CD‐RISC). Depression and anxiety. 2003;18(2):76-82. 

86. Baek H-S, Lee K-U, Joo E-J, Lee M-Y, Choi K-S. Reliability and validity of the 

Korean version of the Connor-Davidson Resilience Scale. Psychiatry investigation. 

2010;7(2):109-15. 

87. Chun MY. Validity and reliability of Korean version of international physical 

activity questionnaire short form in the elderly. Korean journal of family medicine. 

2012;33(3):144-51. 

88. Hevey D. Network analysis: a brief overview and tutorial. Health Psychology and 

Behavioral Medicine. 2018;6(1):301-28. 

89. Jones PJ, Ma R, McNally RJ. Bridge centrality: A network approach to 

understanding comorbidity. Multivariate behavioral research. 2021;56(2):353-67. 

90. Friedman J, Hastie T, Tibshirani R. Sparse inverse covariance estimation with the 

graphical lasso. Biostatistics. 2008;9(3):432-41. 

91. Fan J, Feng Y, Wu Y. Network exploration via the adaptive LASSO and SCAD 

penalties. The annals of applied statistics. 2009;3(2):521-41. 

92. Krämer N, Schäfer J, Boulesteix AL. Regularized estimation of large-scale gene 

association networks using graphical Gaussian models. BMC bioinformatics. 

2009;10:1-24. 

93. Robinaugh DJ, Millner AJ, McNally RJ. Identifying highly influential nodes in the 

complicated grief network. Journal of abnormal psychology. 2016;125(6):747. 

94. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their 

accuracy: A tutorial paper. Behavior research methods. 2018;50:195-212. 



99 

 

95. Costenbader E, Valente TW. The stability of centrality measures when networks 

are sampled. Social networks. 2003;25(4):283-307. 

96. Van Borkulo CD, van Bork R, Boschloo L, Kossakowski JJ, Tio P, Schoevers RA, 

et al. Comparing network structures on three aspects: A permutation test. 

Psychological methods. 2022;Advance online publication. 

97. Magidson J, Vermunt J. Latent class models for clustering: A comparison with K-

means. Canadian journal of marketing research. 2002;20:37-44. 

98. Sinha P, Calfee CS, Delucchi KL. Practitioner’s Guide to Latent Class Analysis: 

Methodological Considerations and Common Pitfalls. Critical care medicine. 

2021;49(1):e63-79. 

99. Nylund KL. Latent transition analysis: Modeling extensions and an application to 

peer victimization. Doctoral dissertation, University of California, Los Angeles. 

2007. 

100. Lanza ST, Bray BC, Collins LM. An introduction to latent class and latent 

transition analysis (2nd edition). Handbook of psychology. 2013;2:691-716. 

Hoboken, NJ: Wiley. 

101. Lanza ST, Tan X, Bray BC. Latent class analysis with distal outcomes: A flexible 

model-based approach. Structural equation modeling: a multidisciplinary journal. 

2013;20(2):1-26. 

102. Kroenke K, Spitzer RL. The PHQ-9: a new depression diagnostic and severity 

measure. Psychiatric annals. 2002;32(9):509-21. 

103. Association AP. Diagnostic and statistical manual of mental disorders (5th edition). 

American Psychiatric Association. 2018. Washington, DC: American psychiatric 

publishing. 



100 

 

104. Armour C, Fried EI, Deserno MK, Tsai J, Pietrzak RH. A network analysis of 

DSM-5 posttraumatic stress disorder symptoms and correlates in US military 

veterans. Journal of anxiety disorders. 2017;45:49-59. 

105. Cao X, Wang L, Cao C, Fang R, Chen C, Hall BJ, et al. Sex differences in global 

and local connectivity of adolescent posttraumatic stress disorder symptoms. 

Journal of Child Psychology and Psychiatry. 2019;60(2):216-24. 

106. Isvoranu AM, Epskamp S, Cheung MWL. Network models of posttraumatic stress 

disorder: A meta-analysis. Journal of Abnormal Psychology. 2021;130(8):841-61. 

107. Brewin CR. Episodic memory, perceptual memory, and their interaction: 

foundations for a theory of posttraumatic stress disorder. Psychological bulletin. 

2014;140(1):69-97. 

108. Mazza C, Ricci E, Biondi S, Colasanti M, Ferracuti S, Napoli C, et al. A nationwide 

survey of psychological distress among Italian people during the COVID-19 

pandemic: immediate psychological responses and associated factors. 

International journal of environmental research and public health. 2020;17:3165. 

109. Contractor AA, Weiss NH. Typologies of PTSD clusters and reckless/self-

destructive behaviors: A latent profile analysis. Psychiatry research. 

2019;272:682-91. 

110. Armour C, Greene T, Contractor AA, Weiss N, Dixon‐Gordon K, Ross J. 

Posttraumatic stress disorder symptoms and reckless behaviors: A network 

analysis approach. Journal of Traumatic Stress. 2020;33(1):29-40. 

111. Lusk JD, Sadeh N, Wolf EJ, Miller MW. Reckless self‐destructive behavior and 

PTSD in veterans: The mediating role of new adverse events. Journal of Traumatic 

Stress. 2017;30(3):270-8. 



101 

 

112. Birkeland MS, Greene T, Spiller TR. The network approach to posttraumatic stress 

disorder: A systematic review. European Journal of Psychotraumatology. 

2020;11(1):1700614. 

113. Benfer N, Bardeen JR, Cero I, Kramer LB, Whiteman SE, Rogers TA, et al. 

Network models of posttraumatic stress symptoms across trauma types. Journal of 

Anxiety Disorders. 2018;58:70-7. 

114. Armour C, Contractor A, Shea T, Elhai JD, Pietrzak RH. Factor structure of the 

PTSD checklist for DSM-5: relationships among symptom clusters, anger, and 

impulsivity. The Journal of nervous and mental disease. 2016;204(2):108-15. 

115. Morin CM, Ware JC. Sleep and psychopathology. Applied and Preventive 

Psychology. 1996;5(4):211-24. 

116. Miller KE, Brownlow JA, Gehrman PR. Sleep in PTSD: treatment approaches and 

outcomes. Current Opinion in Psychology. 2020;34:12-7. 

117. Tubbs AS, Khader W, Fernandez F, Grandner MA. The common denominators of 

sleep, obesity, and psychopathology. Current Opinion in Psychology. 2020;34:84-

8. 

118. Djelantik AMJ, Robinaugh DJ, Kleber RJ, Smid GE, Boelen PA. Symptomatology 

following loss and trauma: Latent class and network analyses of prolonged grief 

disorder, posttraumatic stress disorder, and depression in a treatment‐seeking 

trauma‐exposed sample. Depression and anxiety. 2020;37(1):26-34. 

119. Crowe ML, Harper KL, Moshier SJ, Keane TM, Marx BP. Longitudinal PTSD 

network structure: measuring PTSD symptom networks over 5 years. 

Psychological Medicine. 2022:1-8. 



102 

 

120. Byrne BM, Crombie G. Modeling and testing change: An introduction to the latent 

growth curve model. Understanding Statistics. 2003;2(3):177-203. 

121. Magee CA, Blunden S. Sleep timing during adolescence: a latent transition 

analysis approach. Behavioral Sleep Medicine. 2020;18(1):131-46. 

122. Abad VC, Guilleminault C. Sleep and psychiatry. Dialogues in clinical 

neuroscience. 2022:291-303. 

123. Gregory AM, Caspi A, Eley TC, Moffitt TE, O’Connor TG, Poulton R. Prospective 

longitudinal associations between persistent sleep problems in childhood and 

anxiety and depression disorders in adulthood. Journal of abnormal child 

psychology. 2005;33:157-63. 

124. Breslau N, Roth T, Rosenthal L, Andreski P. Sleep disturbance and psychiatric 

disorders: a longitudinal epidemiological study of young adults. Biological 

psychiatry. 1996;39(6):411-8. 

125. Germain A, Hall M, Shear K, Buysse D. An ecological valid study of sleep in 

PTSD. Sleep. 2005;28:a310. 

126. Mellman TA, Bustamante V, Fins AI, Pigeon WR, Nolan B. REM sleep and the 

early development of posttraumatic stress disorder. American Journal of 

Psychiatry. 2002;159(10):1696-701. 

127. Germain A, Nielsen TA. Sleep pathophysiology in posttraumatic stress disorder 

and idiopathic nightmare sufferers. Biological psychiatry. 2003;54(10):1092-8. 

128. Rumble ME, White KH, Benca RM. Sleep disturbances in mood disorders. 

Psychiatric Clinics. 2015;38(4):743-59. 

 



103 

 

129. Ford DE, Cooper‐Patrick L. Sleep disturbances and mood disorders: an 

epidemiologic perspective. Depression and anxiety. 2001;14(1):3-6. 

130. Lenz A, Franklin GA, Cheadle WG. Systemic inflammation after trauma. Injury. 

2007;38(12):1336-45. 

131. Bringmann LF, Elmer T, Epskamp S, Krause RW, Schoch D, Wichers M, et al. 

What do centrality measures measure in psychological networks? Journal of 

abnormal psychology. 2019;128(8):892-903. 

132. Rodebaugh TL, Tonge NA, Piccirillo ML, Fried E, Horenstein A, Morrison AS, et 

al. Does centrality in a cross-sectional network suggest intervention targets for 

social anxiety disorder? Journal of consulting and clinical psychology. 

2018;86(10):831-44. 



104 

 

APPENDIX 

Appendix 1. Nine-symptom checklist of the Patient Health Questionnaire (PHQ-9) 

Over the last 2 weeks, how often have you been bothered by any of the 

following problems? 
Not at all 

Several 

days 

More than  

half the days 

Nearly  

every day 

1. Little interest or pleasure in doing things 0 1 2 3 

2. Feeling down, depressed, or hopeless 0 1 2 3 

3. Trouble falling or staying asleep, or sleeping too much 0 1 2 3 

4.  Feeling tired or having little energy 0 1 2 3 

5. Poor appetite or overeating 0 1 2 3 

6. 
Feeling bad about yourself—or that you are a failure or have let 

yourself or your family down 
0 1 2 3 

7. 
Trouble concentrating on things, such as reading the newspaper 

or watching television 
0 1 2 3 

8. 

Moving or speaking so slowly that other people could have 

noticed? Or the opposite—being so fidgety or restless that you 

have been moving around a lot more than usual 

0 1 2 3 

9. 
Thoughts that you would be better off dead or of hurting yourself 

in some way 
0 1 2 3 

PHQ-9, Copyright ©  Pfizer Inc. All rights reserved. Reproduced with permission.  
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Appendix 2. Twenty-symptom post-traumatic checklist for DSM-5 (PCL-5) 

In the past month, how much were you bothered by:  Not at all 
A little 

bit 
Moderately 

Quite 

a bit 
Extremely 

1. 
Repeated, disturbing, and unwanted memories of the stressful 

experience?  
0 1 2 3 4 

2. Repeated, disturbing dreams of the stressful experience?  0 1 2 3 4 

3. 

Suddenly feeling or acting as if the stressful experience were 

actually happening again (as if you were actually back there 

reliving it)?  

0 1 2 3 4 

4. 
Feeling very upset when something reminded you of the 

stressful experience?  
0 1 2 3 4 

5. 

Having strong physical reactions when something reminded 

you of the stressful experience (for example, heart pounding, 

trouble breathing, sweating)? 

0 1 2 3 4 

6. 
Avoiding memories, thoughts, or feelings related to the 

stressful experience? 
0 1 2 3 4 

7. 

Avoiding external reminders of the stressful experience (for 

example, people, places, conversations, activities, objects, or 

situations)? 

0 1 2 3 4 

8. 
Trouble remembering important parts of the stressful 

experience?  
0 1 2 3 4 

9. 

Having strong negative beliefs about yourself, other people, or 

the world (for example, having thoughts such as: l am bad, 

there is something seriously wrong with me, no one can be 

trusted, the world is completely dangerous)?  

0 1 2 3 4 

10. 
Blaming yourself or someone else for the stressful experience 

or what happened after it?  
0 1 2 3 4 

11. 
Having strong negative feelings such as fear, horror, anger, 

guilt, or shame? 
0 1 2 3 4 

12. Loss of interest in activities that you used to enjoy? 0 1 2 3 4 

13. Feeling distant or cut off from other people? 0 1 2 3 4 
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Appendix 2. Twenty-symptom post-traumatic checklist for DSM-5 (PCL-5) (continued) 

In the past month, how much were you bothered by:  Not at all 
A little 

bit 
Moderately 

Quite 

a bit 
Extremely 

14. 

Trouble experiencing positive feelings (for example, being 

unable to feel happiness or have loving feelings for people 

close to you)?  

0 1 2 3 4 

15. Irritable behavior, angry outbursts, or acting aggressively?  0 1 2 3 4 

16. 
Taking too many risks or doing things that could cause you 

harm? 
0 1 2 3 4 

17. Being "superalert" or watchful or on guard? 0 1 2 3 4 

18. Feeling jumpy, or easily startled? 0 1 2 3 4 

19. Having difficulty concentrating?  0 1 2 3 4 

20. Trouble falling or staying asleep? 0 1 2 3 4 

PCL-5, Copyright ©  Weathers, F. W., Litz, B. T., Keane, T. M., Palmieri, P. A., Marx, B. P., & Schnurr, P. P. (2013)  
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Appendix 3. Nineteen items of the Pittsburgh sleep quality index (PSQI) 

INSTRUCTIONS: 
The following questions relate to your usual sleep habits during the past month only.  

Your answers should indicate the most accurate reply for the majority of days and nights in the past month. Please answer all questions. 

1. During the past month, what time have you usually gone to bed at night? BED TIME _______________ 

2. During the past month, how long (in minutes) has it NUMBER OF MINUTES _______________ 

3. During the past month, what time have you usually gotten up in the morning? GETTING UP TIME _______________ 

4. 

During the past month, how many hours of actual sleep did you get at night? (This may 

be 

different than the number of hours you spent in bed.) 

HOURS OF SLEEP PER NIGHT _______________ 

 

For each of the remaining questions, check the one best response. Please answer all questions 
      

5. During the past month, how often have you had trouble sleeping because you . . . 
Not during the 

past month 

Less than  

once a week 

Once or 

twice  

a week 

Three or 

more times  

a week 

a) Cannot get to sleep within 30 minutes 0 1 2 3 

b) Wake up in the middle of the night or early morning 0 1 2 3 

c) Have to get up to use the bathroom 0 1 2 3 

d) Cannot breathe comfortably 0 1 2 3 

e) Cough or snore loudly 0 1 2 3 

f) Feel too cold 0 1 2 3 

g) Feel too hot 0 1 2 3 

h) Had bad dreams 0 1 2 3 

i) Have pain 0 1 2 3 

j) 
Other reason(s), please describe :  
How often during the past month have you had trouble sleeping because of this? 

0 1 2 3 
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Appendix 3. Nineteen items of the Pittsburgh sleep quality index (PSQI) (continued) 

6. During the past month, how would you rate your sleep quality overall? Very good _______________ 

    Fairly good _______________ 

    Fairly bad _______________ 

    Very bad _______________ 

            

    
Not during the 

past month 

Less than  

once a week 

Once or 

twice  

a week 

Three or 

more times 

a week 

7. 
During the past month, how often have you taken medicine to help you sleep 

(prescribed or "over the counter")? 
0 1 2 3 

8. 
During the past month, how often have you had trouble staying awake while driving, 

eating meals, or engaging in social activity? 
0 1 2 3 

            

9. 
During the past month, how much of a problem has it been for you to keep up enough 

enthusiasm to get things done? 
No problem at all _______________   

    Only a very slight problem _______________   

    Somewhat of a problem _______________   

    A very big problem _______________   

            

10. Do you have a bed partner or roommate? No bed partner or room mate ______________   

    Partner/roommate in other room _______________ 

    Partner in same room, but not same bed _______________ 

    Partner in same bed _______________   
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Appendix 3. Nineteen items of the Pittsburgh sleep quality index (PSQI) (continued) 

  
If you have a roommate or bed partner, ask him/her how often in the past month you 

have had . . . 

Not during the 

past month 

Less than  

once a week 

Once or 

twice  

a week 

Three or 

more times a 

week 

  a) Loud snoring 0 1 2 3 

  b) Long pauses between breaths while asleep 0 1 2 3 

  c) Legs twitching or jerking while you sleep 0 1 2 3 

  d) Episodes of disorientation or confusion during sleep 0 1 2 3 

  e) Other restlessness while you sleep; please describe 0 1 2 3 

PSQI, Copyright ©  University of Pittsburgh (1989). All right reserved This copyright in this form is owned by the University of Pittsburgh and may be reprinted 

without charge only for non-commercial research and educational purposes. You may not make changes or modifications of this form without prior written 

permission from the University of Pittsburgh 
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Appendix 4. Observed indicators and mean scores of sleep disturbance components  

Item Response category 

2020 survey   2021 survey  2022 survey 

(N=1,930)  (N=1,355)  (N=1,204) 

Mean (SD)   Mean (SD)   Mean (SD) 

1 Wake up in the middle of the night or early morning (0~3) 1.31 (1.11)  1.43 (1.10)  1.84 (1.09) 

2 Have to get up to use the bathroom (0~3) 1.52 (1.11)  1.58 (1.12)  1.83 (1.08) 

3 Cannot breathe comfortably (0~3) 0.22 (0.59)  0.25 (0.63) 
 

0.31 (0.72) 

4 Cough or snore loudly (0~3) 0.73 
(1.01) 

 

0.83 (1.06)  0.82 (1.06) 

5 Feel too cold (0~3) 0.16 (0.48)  0.22 (0.56)  0.48 (0.79) 

6 Feel too hot (0~3) 0.13 (0.44)  0.17 (0.53)  0.43 (0.77) 

7 Have bad dreams (0~3) 0.20 (0.52)  0.25 (0.56)  0.57 (0.81) 

8 Have pain (0~3) 0.27 (0.68)  0.38 (0.76)  0.48 (0.83) 

9 Other reason(s), How often you have had trouble sleeping because of this reasons? (0~3) 0.60 (0.94)   0.71 (1.04)   0.84 (1.13) 
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Appendix 5. Correlation matrix of edge weight in a comorbidity network of the complete set of the 2020 

survey 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

A1 0.00

A2 0.08 0.00

A3 0.20 0.48 0.00

A4 0.13 0.00 0.13 0.00

A5 0.01 0.06 0.26 0.18 0.00

A6 0.18 0.01 0.02 0.18 0.26 0.00

A7 0.00 0.00 -0.03 0.11 0.00 0.17 0.00

A8 0.05 0.09 0.12 -0.01 0.09 0.06 0.19 0.00

A9 0.00 0.03 0.00 0.00 -0.02 0.05 0.15 0.18 0.00

A10 0.03 0.00 -0.01 0.00 -0.02 0.01 0.05 0.08 0.23 0.00

A11 0.12 0.05 0.01 0.14 0.06 0.00 0.04 -0.08 0.15 0.17 0.00

A12 0.00 0.04 -0.03 0.00 -0.02 0.04 0.06 0.00 0.00 0.00 0.08 0.00

A13 -0.03 0.07 0.00 -0.02 0.00 0.00 0.00 0.00 0.08 0.05 0.00 0.23 0.00

A14 0.02 0.00 0.05 0.00 0.00 0.02 0.02 0.00 0.00 -0.02 0.00 0.18 0.33 0.00

A15 -0.01 0.04 0.05 0.02 -0.06 -0.06 0.00 -0.04 0.00 0.07 0.14 0.03 0.00 0.17 0.00

A16 0.00 0.00 -0.06 -0.07 0.15 0.00 -0.19 0.28 0.05 0.01 -0.01 0.00 0.00 0.15 0.39 0.00

A17 0.06 -0.02 0.02 0.03 0.00 0.00 0.17 -0.17 0.00 0.13 0.02 0.05 0.13 0.00 0.02 0.15 0.00

A18 0.10 0.00 -0.02 0.02 0.10 0.04 0.00 0.02 0.00 0.00 0.07 0.01 0.00 0.01 0.04 0.02 0.25 0.00

A19 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 -0.04 0.00 0.00 0.00 0.10 0.05 0.00 0.04 0.13 0.00 0.30 0.00

A20 0.00 0.04 0.00 0.00 -0.03 0.04 0.10 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.05 -0.03 -0.05 0.20 0.24 0.00

B1 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.03 0.06 0.02 0.18 0.10 0.05 -0.15 0.00 0.00 0.00 0.00 -0.04 0.00

B2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.02 0.00 0.04 0.01 0.20 -0.12 0.00 0.00 0.00 -0.06 0.50 0.00

B3 0.00 0.00 0.08 0.00 0.00 -0.02 0.00 0.00 -0.04 0.04 0.00 0.00 0.00 0.00 0.01 -0.02 0.00 -0.06 0.00 0.36 0.08 0.15 0.00

B4 -0.02 0.00 -0.04 0.00 0.00 0.00 0.04 0.00 -0.01 -0.04 0.00 0.00 0.00 -0.05 0.00 0.00 0.03 0.02 0.05 0.00 0.09 0.00 0.28 0.00

B5 0.00 0.02 -0.05 0.00 0.00 0.00 0.00 -0.03 0.00 0.00 0.02 0.00 0.02 0.04 0.00 -0.03 0.00 0.00 0.00 0.00 0.00 0.12 0.14 0.46 0.00

B6 0.00 -0.05 0.00 0.00 0.01 0.00 0.00 0.00 0.15 0.00 -0.02 -0.02 0.00 0.08 0.00 0.03 0.00 0.00 0.00 0.00 -0.11 0.26 0.00 0.06 0.07 0.00

B7 0.00 0.00 -0.03 0.00 0.00 0.03 -0.05 0.00 0.00 0.00 -0.01 0.00 0.02 0.03 -0.05 0.05 -0.01 0.01 0.23 0.03 0.05 0.12 0.00 0.03 0.01 0.17 0.00

B8 0.00 0.00 0.13 -0.02 0.05 0.00 0.00 0.13 -0.11 -0.02 0.00 0.00 -0.01 0.00 0.09 0.00 0.00 -0.05 0.00 -0.09 -0.04 -0.06 -0.05 0.16 0.03 0.22 0.28 0.00

B9 -0.01 0.08 0.02 0.00 0.00 0.00 -0.05 -0.28 0.12 0.00 0.00 0.00 -0.14 0.00 -0.05 0.19 -0.07 0.03 0.00 0.09 -0.01 0.11 0.08 0.00 0.05 0.20 0.00 0.31 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9

0.0-1.0 1.0

Correlation coefficient
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Appendix 6. Comorbid network structures of the complete set of the 2020 survey. (a) Estimated network of 

PCL-5 and PHQ-9 symptoms, (b) Centrality indices for the estimated comorbidity network, (c) Bridge centrality 

indices for the estimated comorbidity network 

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

(b) Expected Influence  (c) Bridge Expected Influence  
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Appendix 7. Correlation matrix of edge weight in a combined network of PTSS, depressive symptoms, and 

resilience in the 2020 survey 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. C1 is resilience score estimated by CD-RISC questionnaires.

A1 0.00

A2 0.18 0.00

A3 0.20 0.41 0.00

A4 0.22 0.00 0.11 0.00

A5 0.00 0.08 0.23 0.16 0.00

A6 0.14 0.00 0.02 0.16 0.25 0.00

A7 0.00 0.00 0.00 0.14 0.00 0.17 0.00

A8 0.01 0.11 0.13 -0.08 0.08 0.16 0.18 0.00

A9 0.00 0.06 0.00 0.00 0.00 0.03 0.09 0.08 0.00

A10 0.02 0.00 0.00 0.03 0.00 0.01 0.07 0.05 0.27 0.00

A11 0.13 0.00 0.01 0.13 0.07 0.01 0.02 -0.03 0.16 0.15 0.00

A12 0.01 0.04 0.00 0.00 -0.02 0.01 0.06 0.00 0.02 0.00 0.03 0.00

A13 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.04 0.00 0.26 0.00

A14 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.05 0.12 0.32 0.00

A15 0.00 0.03 0.00 0.02 0.00 -0.06 0.00 0.00 0.00 0.10 0.07 0.03 0.00 0.23 0.00

A16 0.00 0.06 0.00 -0.06 0.11 0.00 -0.16 0.17 0.04 0.03 0.00 0.01 0.00 0.05 0.39 0.00

A17 0.00 0.00 0.00 0.01 0.00 0.00 0.21 -0.07 0.01 0.10 0.05 0.02 0.15 0.00 0.00 0.17 0.00

A18 0.06 0.00 0.00 0.00 0.12 0.04 0.00 0.02 0.01 0.00 0.03 0.05 0.00 0.05 0.02 0.02 0.20 0.00

A19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.09 0.00 0.09 0.09 0.00 0.27 0.00

A20 0.00 0.03 0.00 0.00 0.00 0.02 0.10 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.06 0.15 0.22 0.00

B1 0.00 0.01 0.00 0.06 -0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.21 0.07 0.00 -0.05 -0.03 0.02 0.00 0.00 -0.04 0.00

B2 0.02 0.00 0.00 0.00 0.00 0.02 0.00 -0.02 0.00 0.00 0.02 0.00 0.02 0.10 0.03 -0.03 0.00 0.00 0.00 0.00 0.50 0.00

B3 0.00 0.00 0.02 0.00 -0.01 0.00 0.03 -0.02 -0.04 0.00 0.00 -0.02 0.00 -0.03 0.04 -0.01 0.00 -0.03 0.00 0.38 0.01 0.13 0.00

B4 -0.03 0.00 0.00 0.02 0.00 0.00 0.01 -0.04 0.00 0.00 0.00 0.00 0.01 -0.03 0.00 0.00 0.00 0.02 0.06 0.00 0.07 0.00 0.26 0.00

B5 0.00 0.00 -0.02 0.00 0.00 0.00 0.00 -0.05 0.00 0.00 0.02 0.00 0.00 0.02 0.00 -0.02 0.00 0.00 0.00 0.00 0.02 0.09 0.16 0.45 0.00

B6 0.00 -0.06 -0.01 0.00 -0.02 0.00 0.01 0.00 0.12 0.00 0.00 -0.03 0.00 0.02 0.05 0.04 0.02 -0.06 0.00 0.00 0.00 0.24 0.01 0.08 0.05 0.00

B7 -0.01 0.00 0.00 0.00 0.00 0.02 -0.01 0.00 -0.04 0.00 0.00 0.00 0.02 0.04 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.12 0.04 0.00 0.10 0.13 0.00

B8 0.00 0.03 0.06 0.00 0.07 0.00 0.00 0.11 0.00 -0.11 0.00 0.00 0.00 0.00 0.04 0.00 0.02 0.00 0.00 0.00 -0.02 0.00 -0.10 0.12 0.00 0.18 0.27 0.00

B9 -0.04 0.06 0.06 -0.06 0.00 0.01 -0.12 -0.09 0.00 0.09 0.00 0.00 -0.09 0.02 0.01 0.12 -0.06 0.08 0.00 0.00 0.00 0.03 0.10 0.00 0.03 0.28 0.02 0.28 0.00

C1 0.03 -0.03 0.00 0.00 0.00 0.01 0.03 0.00 -0.04 -0.01 0.00 0.00 0.00 -0.01 -0.03 0.00 0.09 0.00 0.00 0.00 -0.02 0.00 0.00 -0.03 0.00 -0.08 -0.07 -0.03 0.00 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9 C1
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Appendix 8. Combined network structures of PTSS, depressive symptoms, and resilience of the 2020 survey. 

(a) Estimated network of PCL-5, PHQ-9, and CD-RISC, (b) Centrality indices for the estimated comorbidity 

network, (c) Bridge centrality indices for the estimated comorbidity network 

 

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. C1 is sum of CD-RISC scores. 

(b) Expected Influence  (c) Bridge Expected Influence  
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Appendix 9. Correlation matrix of edge weight in a comorbidity network of the complete set of the 2021 

survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation.

A1 0.00

A2 0.30 0.00

A3 0.14 0.32 0.00

A4 0.40 0.00 0.05 0.00

A5 0.00 0.02 0.11 0.27 0.00

A6 0.00 0.00 0.00 0.21 0.13 0.00

A7 0.00 0.00 0.00 0.04 0.00 0.62 0.00

A8 0.00 0.08 0.07 -0.02 0.05 0.02 0.17 0.00

A9 0.08 0.00 0.03 0.00 0.00 0.00 0.01 0.08 0.00

A10 0.03 0.00 0.06 0.11 0.00 0.06 0.10 0.06 0.38 0.00

A11 0.10 0.00 0.00 0.05 0.00 0.00 0.07 0.00 0.14 0.16 0.00

A12 0.00 -0.02 0.00 0.00 0.00 0.02 0.00 0.04 0.00 0.00 0.08 0.00

A13 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.37 0.00

A14 0.00 0.00 0.03 0.00 0.00 -0.03 0.00 0.00 0.00 0.08 0.00 0.06 0.32 0.00

A15 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.08 0.04 0.09 0.02 0.00 0.18 0.00

A16 0.00 0.08 0.12 -0.06 0.00 -0.02 -0.02 0.02 0.04 0.00 0.03 0.00 0.05 0.07 0.40 0.00

A17 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.05 0.01 0.03 0.00 0.10 0.00 0.00 0.35 0.00

A18 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.07 0.01 0.00 0.05 0.00 0.00 0.05 0.02 0.00 0.21 0.00

A19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.02 0.00 0.03 0.09 0.01 0.14 0.00 0.15 0.00 0.23 0.00

A20 0.04 0.02 0.00 0.05 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.10 0.20 0.00

B1 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 0.18 0.00 0.06 0.00 -0.04 0.00 0.00 0.00 0.00 0.00

B2 0.03 0.02 0.00 0.00 -0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.05 0.00 0.09 0.00 -0.01 0.00 0.00 0.00 0.00 0.49 0.00

B3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 -0.02 -0.01 0.00 -0.03 0.00 0.00 -0.01 0.00 0.45 0.04 0.12 0.00

B4 0.03 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.09 0.07 0.29 0.00

B5 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.04 0.00 0.00 0.00 0.11 0.05 0.13 0.30 0.00

B6 0.00 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.14 0.00 0.04 0.00 0.00 0.03 0.00 0.00 -0.04 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.09 0.00

B7 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 0.00 -0.03 0.20 0.00 0.00 0.00 0.00 0.08 0.07 0.15 0.00

B8 0.00 0.05 0.00 -0.06 0.12 0.00 0.00 0.01 0.00 -0.05 0.00 -0.03 0.00 0.00 0.00 0.11 0.00 0.03 0.00 -0.03 0.00 0.00 0.10 0.00 0.12 0.12 0.29 0.00

B9 0.00 0.00 0.07 -0.04 0.00 -0.05 0.00 0.11 0.04 0.00 0.00 0.00 0.00 0.08 0.00 0.04 0.03 0.02 -0.07 -0.09 -0.10 0.13 0.00 0.02 0.04 0.22 0.11 0.14 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9

0.0-1.0 1.0

Correlation coefficient
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Appendix 10. Comorbidity network structures of the complete set of the 2021 survey. (a) Estimated network 

of PCL-5 and PHQ-9 symptoms, (b) Centrality indices for the estimated comorbidity network, (c) Bridge 

centrality indices for the estimated comorbidity network 

 

 

 

  

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

(b) Expected Influence  (c) Bridge Expected Influence  
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Appendix 11. Correlation matrix of edge weight in a combined network of PTSS, depressive symptoms, and 

resilience in the 2021 survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. C1 is resilience score estimated by CD-RISC questionnaires.

A1 0.00

A2 0.27 0.00

A3 0.14 0.36 0.00

A4 0.40 0.00 0.08 0.00

A5 0.00 0.01 0.12 0.29 0.00

A6 0.00 0.00 0.00 0.24 0.04 0.00

A7 0.00 0.00 0.00 0.02 0.09 0.55 0.00

A8 0.00 0.10 0.02 -0.02 0.06 0.00 0.23 0.00

A9 0.00 0.00 0.06 0.04 0.00 0.00 0.01 0.07 0.00

A10 0.07 0.00 0.02 0.10 0.00 0.06 0.10 0.07 0.38 0.00

A11 0.14 -0.01 0.00 0.05 0.01 0.07 0.00 0.00 0.09 0.15 0.00

A12 0.00 -0.06 0.00 0.00 -0.02 0.03 0.01 0.00 0.00 0.00 0.08 0.00

A13 -0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.34 0.00

A14 0.00 0.00 0.04 0.00 0.00 -0.05 0.00 0.07 0.05 0.06 0.01 0.10 0.34 0.00

A15 0.00 -0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.03 0.02 0.18 0.05 0.00 0.14 0.00

A16 0.00 0.11 0.05 -0.09 0.05 -0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.02 0.49 0.00

A17 0.00 0.00 0.00 0.00 -0.03 0.04 0.00 0.00 0.05 0.01 0.08 0.04 0.06 0.00 0.00 0.33 0.00

A18 0.00 0.00 0.00 0.00 0.22 0.02 0.00 0.01 0.01 0.00 0.04 0.01 0.03 0.01 0.01 0.00 0.22 0.00

A19 0.04 0.00 0.00 0.00 0.00 0.01 0.00 0.07 0.00 0.00 0.02 0.08 0.04 0.11 0.00 0.10 0.00 0.25 0.00

A20 0.00 0.05 0.00 0.07 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.05 0.00 0.05 0.00 0.00 0.00 0.12 0.17 0.00

B1 0.02 0.00 0.00 -0.01 -0.03 0.00 0.00 0.00 0.00 -0.04 0.00 0.15 0.03 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00

B2 0.02 0.06 0.00 0.00 0.00 0.00 0.00 -0.02 0.00 0.00 0.02 0.09 0.00 0.10 0.00 -0.09 0.00 0.02 0.00 0.00 0.50 0.00

B3 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 -0.02 0.00 -0.01 0.00 -0.03 0.00 0.00 -0.02 0.00 0.00 -0.02 -0.03 0.45 0.04 0.11 0.00

B4 0.00 0.00 0.00 0.03 0.00 0.00 0.00 -0.02 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.05 -0.02 0.02 0.07 0.01 0.07 0.09 0.23 0.00

B5 -0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.01 0.00 -0.02 0.00 0.00 -0.04 0.00 0.00 0.00 0.08 0.04 0.18 0.30 0.00

B6 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.11 0.03 0.08 0.00 0.00 0.00 0.02 0.02 -0.04 0.00 0.00 -0.05 0.00 0.18 0.00 0.00 0.12 0.00

B7 0.00 0.00 0.08 -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 -0.04 0.00 0.02 0.00 -0.02 0.00 0.00 -0.02 0.20 0.00 0.04 0.00 0.03 0.03 0.08 0.13 0.00

B8 0.00 0.00 0.03 -0.06 0.10 0.00 -0.01 0.05 0.00 -0.04 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.01 0.00 -0.03 0.00 0.00 0.12 -0.01 0.10 0.11 0.31 0.00

B9 0.02 0.00 0.02 -0.06 -0.01 -0.01 -0.04 0.03 0.11 0.00 0.01 -0.05 0.00 0.14 0.00 0.06 0.01 0.07 -0.08 -0.07 -0.08 0.14 0.00 0.03 0.00 0.21 0.14 0.17 0.00

C1 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 -0.06 0.01 0.00 0.00 0.00 -0.03 0.00 0.00 0.00 -0.05 -0.06 0.00 0.01 0.00 0.00 0.00 0.00 -0.04 0.02 -0.01 -0.04 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9 C1
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Appendix 12. Combined network structures of PTSS, depressive symptoms, and resilience of the 2021 

survey. (a) Estimated network of PCL-5, PHQ-9, and CD-RISC, (b) Centrality indices for the estimated 

comorbidity network, (c) Bridge centrality indices for the estimated comorbidity network 

 

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation.C1 is sum of CD-RISC scores. 

(b) Expected Influence  (c) Bridge Expected Influence  
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Appendix 13. Correlation matrix of edge weight in a combined network in the complete set of the 2022 

survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

A1 0.00

A2 0.35 0.00

A3 0.09 0.37 0.00

A4 0.30 0.00 0.06 0.00

A5 0.00 0.03 0.13 0.33 0.00

A6 0.03 0.00 0.00 0.20 0.15 0.00

A7 0.00 -0.02 0.01 0.04 0.02 0.54 0.00

A8 0.00 0.04 0.17 0.02 0.05 0.08 0.18 0.00

A9 0.03 0.00 0.04 0.00 0.04 -0.01 0.07 0.07 0.00

A10 0.00 0.00 0.00 0.16 0.00 0.00 0.16 0.00 0.38 0.00

A11 0.24 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.05 0.21 0.00

A12 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.01 -0.07 -0.02 0.06 0.00

A13 0.00 -0.02 0.00 -0.01 0.00 -0.02 0.00 0.06 0.01 -0.03 0.10 0.43 0.00

A14 0.01 0.04 0.02 -0.03 0.00 0.00 0.00 0.00 0.10 0.00 0.05 0.11 0.33 0.00

A15 0.00 0.00 0.05 0.00 0.00 0.08 0.00 -0.27 0.00 0.06 0.18 0.00 0.00 0.15 0.00

A16 -0.06 0.05 0.03 -0.03 -0.01 0.00 -0.04 0.16 0.00 0.00 0.02 0.00 0.00 0.01 0.51 0.00

A17 0.00 0.00 0.00 0.02 0.03 0.00 0.09 0.00 0.04 0.01 -0.02 0.01 0.11 0.00 0.00 0.39 0.00

A18 0.04 0.00 0.01 0.00 0.14 0.00 0.01 0.04 0.04 0.01 0.02 0.00 0.00 0.02 0.10 0.00 0.27 0.00

A19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.02 0.00 0.00 0.10 0.02 0.09 0.15 0.06 0.00 0.18 0.00

A20 0.00 0.01 0.00 0.00 0.06 0.00 0.01 -0.05 0.08 0.01 0.00 0.08 -0.02 0.03 0.00 0.00 0.01 0.12 0.18 0.00

B1 0.00 0.00 0.00 0.00 -0.02 0.00 0.00 -0.10 0.00 0.00 -0.01 0.10 0.00 0.01 -0.01 -0.05 0.12 0.00 0.00 -0.08 0.00

B2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.00 0.08 0.01 0.00 -0.02 0.00 0.02 0.03 -0.09 0.62 0.00

B3 0.04 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 -0.04 -0.02 -0.02 0.00 -0.09 -0.02 -0.03 0.47 0.04 0.19 0.00

B4 0.00 0.00 -0.04 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 -0.12 0.07 0.06 0.02 0.00 0.00 0.11 0.16 0.00

B5 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.00 0.00 -0.01 0.00 0.00 -0.01 0.00 0.00 0.00 -0.08 0.00 0.00 0.00 0.00 0.08 0.20 0.45 0.00

B6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.17 0.02 -0.01 0.00 0.00 -0.01 0.00 0.00 0.16 0.00 0.02 0.16 0.00

B7 0.02 0.04 0.00 -0.01 0.00 0.00 0.00 0.00 -0.08 0.00 0.05 0.00 0.00 -0.04 -0.04 0.00 -0.01 -0.05 0.21 0.00 0.08 0.00 0.01 0.04 0.08 0.17 0.00

B8 0.00 0.00 0.10 0.00 0.01 0.00 0.00 0.05 0.03 0.00 -0.12 -0.03 0.04 0.00 0.00 0.10 -0.13 0.05 0.00 -0.01 0.01 0.05 0.02 0.02 0.03 0.09 0.37 0.00

B9 0.00 0.00 0.00 -0.01 0.00 -0.10 0.00 -0.01 0.11 0.00 -0.02 0.00 -0.01 0.00 0.00 0.24 0.00 0.00 -0.09 -0.02 -0.10 0.00 0.06 0.07 0.00 0.20 0.25 0.29 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9

0.0-1.0 1.0

Correlation coefficient
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Appendix 14. Comorbidity network structures of the complete set of the 2022 survey. (a) Estimated network 

of PCL-5 and PHQ-9 symptoms, (b) Centrality indices for the estimated comorbidity network, (c) Bridge 

centrality indices for the estimated comorbidity network 

 

 

 

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. 

(b) Expected Influence

  

(c) Bridge Expected Influence  
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Appendix 15. Correlation matrix of edge weight in a combined network of PTSS, depressive symptoms, 

and resilience in the 2022 survey. 

Notes. The blue-color box shows a positive correlation between symptoms, while the red-color box shows a negative correlation. Bold 

means a correlation of the highest several of the edge weights. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: 

Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: 

Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; A11: Negative trauma-related emotions; A12: Loss of 

interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-destructive behavior; A17: Hypervigilance; 

A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are items of PHQ-9: B1: Anhedonia; 

B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by myself; B7: 

Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. C1 is resilience score estimated by CD-RISC questionnaires.

A1 0.00

A2 0.28 0.00

A3 0.17 0.33 0.00

A4 0.29 0.01 0.06 0.00

A5 0.00 0.07 0.14 0.34 0.00

A6 0.04 0.00 0.00 0.19 0.11 0.00

A7 0.00 0.00 0.01 0.04 0.04 0.56 0.00

A8 0.00 0.05 0.12 0.03 0.03 0.08 0.17 0.00

A9 0.01 0.01 0.05 0.00 0.06 0.00 0.04 0.10 0.00

A10 0.00 0.00 0.00 0.12 0.00 0.02 0.19 0.00 0.36 0.00

A11 0.24 0.00 0.01 0.00 0.05 0.00 0.00 0.00 0.07 0.17 0.00

A12 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.00 0.00 0.10 0.00

A13 -0.01 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.41 0.00

A14 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.06 0.07 0.37 0.00

A15 0.00 0.02 0.00 0.00 0.00 0.04 0.00 -0.13 0.00 0.07 0.16 0.01 0.00 0.07 0.00

A16 0.00 0.04 0.04 -0.01 0.00 -0.04 -0.03 0.11 0.00 0.00 0.00 0.00 0.00 0.05 0.50 0.00

A17 0.00 0.00 0.00 0.01 0.02 0.00 0.05 0.00 0.07 0.01 0.00 0.03 0.11 0.00 0.00 0.39 0.00

A18 0.00 0.00 0.01 0.00 0.15 0.04 0.01 0.00 0.01 0.00 0.09 0.00 0.00 0.02 0.04 0.00 0.30 0.00

A19 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.09 0.03 0.12 0.12 0.10 0.00 0.22 0.00

A20 0.00 0.03 0.00 0.00 0.01 0.00 0.00 -0.03 0.06 0.00 0.00 0.07 0.00 0.01 0.00 0.00 0.00 0.12 0.22 0.00

B1 0.00 0.00 0.00 0.00 -0.02 0.00 0.01 -0.02 -0.03 0.00 0.00 0.10 0.00 0.00 0.00 -0.05 0.06 0.00 0.02 -0.10 0.00

B2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.01 0.00 -0.01 0.00 0.03 0.00 -0.02 0.59 0.00

B3 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 -0.02 0.00 -0.09 0.00 -0.05 0.44 0.05 0.16 0.00

B4 0.00 0.00 -0.04 0.06 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.06 -0.11 0.00 0.03 0.00 0.00 0.00 0.08 0.26 0.00

B5 0.00 0.01 0.00 0.00 0.00 0.00 0.04 0.00 0.00 -0.01 0.00 0.00 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.11 0.13 0.37 0.00

B6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.05 0.03 0.03 0.07 0.00 0.00 0.12 0.00 -0.05 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.09 0.09 0.00

B7 0.00 0.01 0.00 -0.03 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 -0.02 0.00 0.19 0.00 0.02 0.01 0.03 0.05 0.10 0.13 0.00

B8 0.00 0.02 0.06 -0.05 0.02 0.00 0.00 0.09 0.00 0.00 -0.09 -0.04 0.00 0.00 0.00 0.08 -0.08 0.02 0.00 -0.01 0.00 0.05 0.01 0.06 0.07 0.12 0.38 0.00

B9 0.00 0.00 0.02 -0.02 0.00 -0.03 0.00 0.00 0.08 0.00 0.00 0.00 0.00 -0.03 0.00 0.22 0.00 0.00 -0.11 -0.06 -0.04 -0.01 0.04 0.00 0.00 0.30 0.18 0.29 0.00

C1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 0.00 0.00 0.00 -0.07 0.00 -0.02 0.07 -0.05 -0.04 0.01 0.00 -0.01 -0.03 0.00 0.03 0.00 0.00 0.00 -0.10 0.00

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 B1 B2 B3 B4 B5 B6 B7 B8 B9 C1
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Appendix 16. Combined network structures of PTSS, depressive symptoms, and resilience of the 2022 

survey. (a) Estimated network of PCL-5, PHQ-9, and CD-RISC, (b) Centrality indices for the estimated 

comorbidity network, (c) Bridge centrality indices for the estimated comorbidity network 

 

 

 

(a) 

Notes. A1-A20 are items of PCL-5: A1:intrusive thoughts; A2: Nightmares; A3: Flashbacks; A4: Emotional cue reactivity; A5: Physiological cue 

reactivity; A6: Avoidance of thoughts; A7: Avoidance of reminders; A8: Trauma-related amnesia; A9: Negative beliefs; A10: Blame of self or others; 

A11: Negative trauma-related emotions; A12: Loss of interest; A13: Detachment; A14: Restricted affect; A15: Irritability/anger; A16: Reckless/self-

destructive behavior; A17: Hypervigilance; A18: Exaggerated startle response; A19: Difficulty concentrating; A20: Sleep disturbance. B1-B9 are 

items of PHQ-9: B1: Anhedonia; B2: Depressed mood; B3; Sleeping problems; B4: Fatigability; B5: Appetite problems; B6: Negative feeling by 

myself; B7: Concentration problems; B8: Agitation/retardation; B9: Suicidal ideation. C1 is sum of CD-RISC scores. 

(b) Expected Influence  (c) Bridge Expected Influence  
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(a) 

(b) 

(c) 

Appendix 17. Bootstrapped confidence intervals of estimated edge weights for 

the comorbidity network. (a) accuracy test right after the outbreak of coronavirus-

19, (b) accuracy test 1 year after the outbreak of coronavirus-19, (c) accuracy test 2 

years after the outbreak of coronavirus-19. 
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(a) 

(b) 

(c) 

Appendix 18. Stability of both expected influence and bridge expected 

influence. (a) stability test of the 2020 survey, (b) stability test of the 2021 survey, 

(c) stability test of the 2022 survey. 
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(b) 

(a) 

(c) 

Appendix 19. Elbow plot of information criteria for latent models of sleep 

disturbances with different number statuses. (a) Elbow plot of the 2020 survey, 

(b) Elbow plot of the 2021 survey, (c) Elbow plot of the 2022 survey.   
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Appendix 20. Fit statistics for latent models of sleep disturbances with 

different number statuses of the complete set of the surveys 

No. of status LL G2 AIC BIC ABIC Entropy 

2020 survey       

2 -5784.77 2029.37 2103.37 2285.14 2167.62 0.75 

3 -5662.11 1784.04 1896.04 2171.15 1993.29 0.75 

4 -5594.46 1648.75 1798.75 2167.2 1929 0.78 

5 -5545.64 1551.09 1739.09 2200.89 1902.34 0.77 

2021 survey       

2 -5866.39 2040.24 2114.24 2296.01 2178.5 0.77 

3 -5752.6 1812.66 1924.66 2199.77 2021.92 0.71 

4 -5690.17 1687.79 1837.79 2206.24 1968.04 0.75 

5 -5660.6 1628.66 1816.66 2278.46 1979.91 0.78 

2022 survey       

2 -6520.55 2551.43 2625.43 2807.2 2689.69 0.77 

3 -6351.94 2214.21 2326.21 2601.33 2423.47 0.8 

4 -6257.4 2025.12 2175.12 2543.58 2305.37 0.79 

5 -6207.27 1924.87 2112.87 2574.67 2276.12 0.78 

Notes. LL=Log Likelihood; G2= likelihood ratio statistics; AIC=Akaike Information Criterion; 

BIC=Bayesian Information Criterion. 
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Appendix 21. Prevalence of latent statuses of sleep disturbance across the surveys of the complete set of the surveys 

  
Latent status 

reference sleep continuity prob overall sleep prob 

2020 survey 47.7 44.4 7.9 

2021 survey 38.5 48.0 13.5 

2022 survey 24.9 48.2 26.9 

Notes. Covariates included age, socioeconomic status, lifestyle factors, comorbidity, and current medication intake. Bolds indicate the 

highest prevalence among sleep disturbances at each survey. Prob=problem. 

 

Appendix 22. Transition probabilities of latent statuses of sleep disturbance across the surveys of the complete set of the surveys 

  2021 survey     2022 survey 

  reference 

Sleep 

continuity 

prob 

overall 

sleep 

prob  

    reference 

Sleep 

continuity 

prob 

overall 

sleep 

prob  

2020 survey     2021 survey    

reference 0.39 0.48 0.13  reference 0.62 0.30 0.08 

sleep continuity prob 0.38 0.47 0.15  sleep continuity prob 0.01 0.72 0.27 

overall sleep prob 0.39 0.52 0.08   overall sleep prob  0.03 0.16 0.81 

Notes. Covariates included age, socioeconomic status, lifestyle factors, comorbidity, and current medication intake. Bolds indicate the 

highest prevalence among sleep disturbances at each survey. Prob=problem. 

 

Appendix 23. Possible association of latent statuses of sleep disturbance with distal PTSS and depressive symptoms over 

time of the complete set of the surveys 
  PCL-5 scores   PHQ-9 scores 

  estimate CI   estimate CI 

reference 5.33 (4.61   - 6.05)  0.75 (0.53 - 0.97) 

sleep continuity prob 23.73 (20.68 - 26.77)  7.96 (0.69 - 9.02) 

overall sleep prob 11.34 (10.26 - 12.42)   3.02 (2.61 - 3.42) 

Notes. Covariates included age, sex, socioeconomic status, lifestyle factors, comorbidity, and current medication intake. 

Prob=problem. 
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ABSTRACT (KOREAN) 

팬데믹 시기의 정신증상: 장기간의 외상 후 스트레스증상, 우울증상, 그리고 

수면장애증상에 대한 네트워크분석 및 잠재전이분석 

 

연세대학교 대학원 보건학과  

이유진 

연구배경: COVID-19이 팬데믹(Pandemic)으로 공식 선언됨으로 인해, COVID-

19은 집단 트라우마로서 일반인구의 정신건강에 영향을 끼치고 있다. 

팬데믹으로 인한 정신적 영향이 신체적 감염 정도보다 빠르다는 사실과 

충격적인 사건의 경험이 다양한 정신적 고통을 유발할 수 있다는 사실을 고려할 

때, COVID-19 팬데믹의 장기화는 일반인구에게 외상 후 스트레스증상(Post-

traumatic stress symptom, PTSS) 및 우울증상(Depressive symptom)과 같이 

빈번하게 함께 발생하는 것으로 알려진 정신증상들의 동반이환(Comorbidity) 

유병률을 가속화 시킬 수 있다. 이처럼, 지속되는 팬데믹은 외상 후 

스트레스증상과 우울증상 사이의 장기적인 상호 작용을 야기할 수 있으며, 이는 

이후의 동반이환 구조 및 패턴을 변화시킬 수 있다. 이러한 관점에서, 팬데믹 

기간의 시간 흐름에 따른 외상 후 스트레스증상 및 우울증상의 동반이환 

메커니즘을 이해하는 것은 일반인구의 정신 건강을 위한 개입점이 될 수 있다.  
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연구방법: 연구 대상자는 30세에서 64세로 구성되었으며, COVID-19 기간 동안 

진행한 3차례에 걸친 심뇌혈관 및 대사질환 원인연구센터 온라인 정신건강 

설문조사의 참여자가 연구에 포함되었다(1차: 1,925명, 2차: 1,754명, 3차: 

1,595명). 외상 후 스트레스증상 및 우울증상은 각각 PCL-5 (Post-traumatic 

stress disorder Checklist for the DSM-5) 및 PHQ-9 (Patient Health 

Questionnaires-9)으로 측정되었다. 모든 분석은 Goldbricker 테스트를 통해 

모든 증상 사이의 연관성 패턴 중복 정도를 테스트 후 네트워크분석(Network 

analysis)을 수행하였다. 네트워크분석을 통해 외상 후 스트레스증상 및 

우울증상 동반이환의 증상 수준 메커니즘(Symptom-level mechanism)을 

밝히고자 했으며, 분석은 1) 네트워크추정(Network estimation), 2) 네트 

워크추론(Network inference), 3) 네트워크 견고성평가(Network Robustness), 

그리고 4) 시점 간 네트워크비교(Network comparison) 네 단계로 진행되었다. 

네트워크분석을 통해 발견된 외상 후 스트레스증상 및 우울증상을 동시에 

유지시키는 동반이환증상(Bridge symptom)은 잠재전이분석(Latent transition 

analysis, LTA)를 통해 시간에 따른 변화 패턴 및 영향을 고려했다. 

잠재전이분석을 통해 팬데믹 기간에 따른 전이 정도와 이후 이의 외상 후 

스트레스증상 및 우울증상에의 영향을 연령 및 성별로 계층화 하여 측정하였다. 

연구결과: 외상후 스트레스증상 및 우울증상의 동반이환 네트워크(Comorbidity 

network)는 각 정신증상의 정의에 부합하는 두개의 분리된 증상 커뮤니티를 
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구성하였다. 팬데믹 전 시점에서 수면문제(Sleep problems and sleep 

disturbance)는 두개의 증상커뮤니티를 가장 강하게 연결하는 가교증상(Bridge 

symptom)으로 확인되었지만, 중심증상(Central symptom)은 시점에 따라 

변화하는 패턴을 보였다. 동반이환 네트워크는 모든 시점에서 안정적이었지만, 

판데믹의 아급성기(Subacute phase) 및 만성기(Chronic phase)의 네트워크 

구조 자체는 서로 유의하게 상이하였다. 동반이환 네트워크 모델에 대한 확정 

후, 가교증상인 수면문제에 대하여 잠재전이분석을 진행하였다. 수면문제는 

PSQI (Pittsburgh Sleep Quality Index) 문항 중 수면장애(Sleep disturbance) 

섹션 9개 문항으로 정의하였으며, 잠재계층분석(Latent Class Analysis, LCA)을 

통해 기준상태(Reference), 수면 연속성문제가 있는 상태(Sleep continuity 

problems), 그리고 전반적인 수면문제가 있는 상태(Overall sleep problems)의 

세가지 잠재상태로 분류되었다. 잠재전이분석을 적용하여 분석 한 결과, 

COVID-19이 아급성기에서 만성기로 변환할 때 기준상태 및 전반적인 

수면문제가 있는 상태는 수면연속성문제가 있는 상태로 전이되는 패턴을 보였다. 

이러한 수면 연속성문제로의 전이는 외상 후 스트레스증상 및 우울증상에 

유의한 부정적인 연관성을 도출했으며, 특히 이러한 경향은 여성 및 50-

60대에서 두드러졌다. 아울러, 수면 연속성 문제 상태는 팬데믹 이후의 외상 후 

스트레스증상 및 우울증상 모두에 부정적인 영향을 끼칠 가능성을 보였다. 
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결론: 본 연구는 팬데믹이 장기화됨에 따라 변화하는 외상 후 스트레스증상 및 

우울증상의 동반이환 메커니즘의 변화하는 패턴을 발견하였으며, 두 정신증상의 

동반이환 가교증상은 수면문제였다. 또한, 팬데믹 상황이 아급성기에서 만성기로 

전환되는 동안 수면문제 상태들의 수면 연속성문제로의 전이가 두드러졌으며, 

이러한 전이는 이후 외상 후 스트레스증상 및 우울증상에 부정적인 연관성을 

보였다. 이러한 결과를 공중보건(Public health)의 관점에서 적용한다면, 향후 

COVID-19과 유사한 감염성 전염병(Next pandemic)이 발생하였을 경우 

일반인구를 대상으로 수면장애가 있는 인구를 신속하게 선별하고 그 잠재적인 

수면상태까지 고려하는 것이 일반인구의 정신건강에 도움을 줄 수 있는 

개입점이 될 수 있으며, 이는 특히 팬데믹의 아급성기에서 만성기로의 변화 

시점에 초점을 맞추어 진행되어야 한다.  
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