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Background: Childhood trauma has been found to have an important impact on mental health. However, little is known regarding the intercorrelations between childhood trauma and mental health during the COVID-19 pandemic. This study aimed to investigate such complex interplay between childhood trauma, depression, anxiety, post-traumatic stress level during the COVID-19 pandemic, and fear of COVID-19 using network analysis.

Methods: A total of 1,247 college students were recruited and were asked to complete a series of questionnaires, including the Childhood Trauma Questionnaire, Patient Health Questionnaire, Generalized Anxiety Disorder Scale, Post-traumatic Stress Checklist—Civilian version, and Fear of COVID-19 Scale. The Gaussian graphical model with the scores of the questionnaires as nodes was estimated. The partial correlations between nodes were calculated as edges. Moreover, network comparison tests were conducted to compare the network patterns between participants with high levels of childhood trauma and low levels of childhood trauma.

Results: Childhood trauma was found to be connected to depression, anxiety, and post-traumatic stress level. The node of childhood trauma exhibited the strongest strength and the highest expected influence in the network. Participants with high levels of childhood trauma and participants with low levels of childhood trauma showed comparable network structure and global strength.

Conclusion: Our findings revealed a complex network pattern between childhood trauma and different mental health problems, indicating that childhood trauma might be a risk factor for mental health during the COVID-19 pandemic.
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1. Introduction

The COVID-19 pandemic has become a global health crisis. Apart from the significant challenges to public health, the pandemic has serious impacts on individual’s mental health worldwide (1). The prevalence of psychological distress, depression, anxiety, and post-traumatic stress symptoms has significantly increased during the pandemic (2–5). Importantly, previous studies suggested that individuals with childhood trauma are at higher risk of experiencing more mental health problems during the COVID-19 pandemic (6, 7).

Childhood trauma refers to experiences that are emotionally or physically harmful or distressing, occurring during the developmental period of childhood (8). Previous studies have documented a relatively high prevalence of childhood trauma in college students (9, 10). For example, a survey among 21 countries by the World Mental Health Initiative recruited 51,945 adults and found approximately 40% of the population had adverse childhood experiences (11). Childhood trauma includes various types, including physical and emotional abuse, sexual abuse, or neglect (12). Different types of childhood trauma have distinct impacts on neuropsychological development (13). Physical and emotional abuse or neglect has been found to lead to emotion dysregulation and cognitive decline (14, 15). It has been considered a risk factor contributing to a wide range of psychological difficulties and mental disorders (16, 17). Moreover, individuals who have been exposed to traumatic events in childhood have been found to have higher levels of fear and stress in response to later stressors (18).

Since the end of 2019, the COVID-19 pandemic has become an ongoing and significant stressor for individuals worldwide (6). Recent studies have explored how individuals with childhood trauma experienced such stressor during the pandemic (7, 19–21). Moreover, significant correlations between adverse childhood experiences and mental health problems during the pandemic have been found (19–21). For example, Guo et al. (19) found that individuals with higher levels of adverse childhood experiences (including physical abuse, emotional abuse, sexual abuse, family neglect, and household dysfunctions) had increased levels of anxiety and post-traumatic stress symptoms. Doom et al. (21) found that higher levels of adverse childhood experiences were significantly associated with higher levels of depression during the COVID-19 pandemic. Furthermore, individuals with childhood abuse have been found to have increased levels of COVID-19 fear and post-traumatic stress symptoms (6). Therefore, previous research indicated that individuals with childhood trauma might be more susceptible to heightened anxiety, depression, and post-traumatic stress symptoms during the COVID-19 pandemic. Previous studies on the mental health consequences of the COVID-19 pandemic have found greater increases in depression, anxiety, and post-traumatic stress level in the general population (2–5, 22, 23). Therefore, the present study will focus on the above three mental health problems.

Network analysis, which is a novel method to investigate the relationships and interactions between different symptoms, has been used extensively in psychology and psychiatry (24, 25). In network analysis, symptoms are represented as nodes, and the relationships between symptoms are represented as edges (26, 27). Importantly, an edge linking two nodes represents the independent relationship after controlling for the effects of the rest nodes in the network. The network structure and the network properties such as centrality and betweenness could be examined. Therefore, network analysis can elucidate the interactive pattern of symptoms (28). Some studies have utilized network analysis to explore the network structure of psychological state during the pandemic (29–32). Feng et al. (29) used a network approach to examine the relationships between depression and intolerance of uncertainty in university students. Ge et al. (30) and Ventura-Leon et al. (32) explored the network structure involving depression and anxiety symptoms. However, limited studies examined the network structure between childhood trauma and other mental health problems.

Therefore, this study aimed to use network analysis to investigate the relationships between childhood trauma, depression, anxiety, post-traumatic stress level during the COVID-19 pandemic, and fear of COVID-19. As previous findings using a non-network approach have found that individuals with higher levels of childhood trauma reported more mental health problems during the COVID-19 pandemic (19–21), we hypothesized that (1) childhood trauma would be connected to mental health problems and fear of COVID-19, (2) the node of childhood trauma would have high centrality indices, and (3) compared with participants with low levels of childhood trauma, participants with high levels of childhood trauma would have more mental health problems. The networks of both groups would exhibit different structures.



2. Materials and methods


2.1. Participants and procedure

A total of 1,247 students (361 males; mean age = 19.80 years, SD = 1.48) were recruited from Hangzhou Normal University in Hangzhou, China. The participants who gave consent completed a set of self-report questionnaires online. Each participant received 10 RMB as an incentive. The invalid responses were detected using 5 pairs of validity check items (33, 34). Participants with scores over 3 were excluded due to low-quality responses. This study was approved by the Research Ethics Review Board of the School of Basic Medical Sciences, Hangzhou Normal University.



2.2. Measures


2.2.1. The childhood trauma questionnaire—short form

The CTS-SF is widely used to assess childhood trauma (35, 36). The CTQ-SF comprises 28 items rated from 1 (never true) to 5 (very often true). The higher scores indicate greater severity of childhood trauma the participant experienced. The CTQ-SF had five subscales: emotional abuse (node: CTQ1), physical abuse (node: CTQ2), sexual abuse (node: CTQ3), emotional neglect (node: CTQ4), and physical neglect (node: CTQ5). The Chinese version of the CTQ-SF has been shown to have good psychometric properties (35). The Cronbach’s alpha for the CTQ-SF in the present study was 0.78.

To compare the network pattern between participants with high and low levels of childhood trauma, the CTS-SF was further used to define participants with high levels of childhood trauma and participants with low levels of childhood trauma. A total CTQ score higher than 1 SD above the mean score of the whole sample was defined as “high levels of childhood trauma” (⩾ 54) and a lower total CTQ score (< 54) was classified as “low levels of childhood trauma” (37–39).



2.2.2. The patient health questionnaire

The PHQ-9 is a 9-item questionnaire for assessing depressive levels (40, 41). Each item is rated on a 5-point Likert scale (from 0 as “no day” to 4 as “almost every day”), with higher scores indicating higher levels of depression. The Chinese version of the PHQ-9 has been found to have good reliability and validity (40). The Cronbach’s alpha for the PHQ-9 in this study was 0.86. The total score of the PHQ-9 was added as an indicator of depressive levels (node: PHQ) in the network analysis.



2.2.3. The generalized anxiety disorder scale

The GAD-7 is a 7-item questionnaire used for measuring generalized anxiety (42, 43). Items of the GAD-7 are rated on a 4-point Likert scale (from 0 as “no day” to 3 as “almost every day”). The higher scores indicate higher levels of anxiety. The Chinese version of the GAD-7 has been found to have good test–retest reliability and convergent validity (42). The Cronbach’s alpha for the GAD-7 in this study was 0.90. The total score of the GAD-7 was added as an indicator of anxiety (node: GAD) in the network analysis.



2.2.4. The post-traumatic stress checklist—civilian version

The PCL-C is a 17-item self-report scale for measuring post-traumatic stress symptoms (44, 45). In the present study, the PCL-C was used to measure the post-traumatic stress level during the COVID-19 pandemic. The PCL-C consists of three subscales, including re-experiencing (node: PCL1), avoidance (node: PCL2), and hyperarousal (node: PCL3). Each item is rated on a 5-point Likert scale (from 1 “not at all” to 5 “extremely bothered”), with higher scores indicating more severe symptoms. The Chinese version of the PCL-C has shown good internal consistency and validity (44). The Cronbach’s alpha for the PCL-C in the present study was 0.93.



2.2.5. The fear of COVID-19 scale

The FCV-19S is a valid tool for assessing individuals’ fear of COVID-19 (46, 47). It contains 7 items with a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). The higher scores of the FCV-19S indicate higher levels of fear of COVID-19. The Chinese version of the FCV-19S has been shown to have good reliability and validity (46). The Cronbach’s alpha for the FCV-19S in the present study was 0.87. The total score of the FCV-19S was added as an indicator of fear of COVID-19 (node: FCV).




2.3. Data analyses


2.3.1. Descriptive analyses

All descriptive statistics were computed in IBM SPSS Statistics 21 (IBM Corp., 2012). The mean and standard deviation of age, education duration, and total and subscale scores of all questionnaires were calculated for the entire sample as well as groups of participants with high and low levels of childhood trauma. We examined gender differences in the scores of questionnaires using independent sample t-tests. Pearson correlation analysis and partial correlation analysis were conducted to investigate the relationship between the scores of the CTQ-SF and other questionnaires’ scores in the entire sample (Supplementary Table S1). Independent sample t-tests were conducted to examine the group differences in fear of COVID-19, depression, anxiety, and post-traumatic level. Moreover, we included age, gender, and years of education as covariates to examine the group differences using analysis of covariance (ANCOVA).



2.3.2. Network estimation

Packages of bootnet (48), qgraph (49), and networktools (50) in R studio software (Version: 2023.06.0 + 421, available at https://posit.co/download/rstudio-desktop/) were used to construct networks in our study. We used the Gaussian graphical model as the estimation model. The partial correlation matrix was computed using the Extended Bayesian Information Criterion Graphical Least Absolute Shrinkage and Selection Operator (EBICglasso) procedure to improve the accuracy and interpretability of our network (51, 52). Bonferroni correction was applied to control for a false positive rate (53). Symptoms were represented as the nodes, and correlations between nodes were represented as the edges, ranging from −1 to 1.



2.3.3. Network centrality

R packages of qgraph (49) and networktools (50) were used to calculate the centrality of nodes in the networks. Centrality was a measure used in a network to quantify the significance of nodes within that network based on the connectedness and interactions of each node with other nodes. Centrality indices, including strength, closeness, and betweenness, were computed. Expected influence is referred to evaluate the predicted significance of certain nodes in the entire network. It was argued that in a network with both positive and negative edges, the expected influence is more appropriate to assess the nature and strength of the significance of nodes (54). Hence, we included the expected influence as the fourth centrality index. Results were converted to z-scores to compare different centrality indices on the same scale.

The bridge centrality between clusters of symptoms represented the importance of certain nodes in serving as a connecting link or shared manifestation between various sets of symptoms (55). Subscales of childhood trauma and PTSD were set as two clusters of symptoms. Depression and anxiety were considered a cluster of symptoms. Finally, fear of COVID-19 was set as an independent cluster of the symptoms. Bridge centrality was calculated to identify nodes that connect symptoms of the four different mental disorders.



2.3.4. Network accuracy and stability

R packages of bootnet (Version 1.5) (48) and ggplot2 (56) were used to examine the accuracy and stability of our network. The bootstrapping method was applied with 1,000 iterations. The edge weights accuracy test was conducted to examine the reliability of our network to describe our sample characteristics. The centrality stability test was employed to illustrate the stability of our network across samples, which was quantified by the correlation stability coefficient (CS coefficient). In order to consider a network stable, the coefficient should be at least 0.25 and preferably above 0.5 (48).



2.3.5. Network comparison tests

Network comparison tests (NCTs) were performed using the R package of NetworkComparisonTest to explore the differences between the two networks constructed by samples of participants with high and low levels of childhood trauma as well as between gender-stratified groups (57). A two-tailed permutation test (n = 10,000) with p < 0.05 was used to compare the global strength, centrality invariance, and edge weights of the two networks. Bonferroni correction was applied in multiple comparisons to control for a false-positive rate (53).





3. Results


3.1. Sample characteristics

Demographic information and a descriptive summary of the questionnaires’ scores are shown in Table 1. Based on the scores of the CTS-SF, 125 participants had high levels of childhood trauma and the rest of the participants were grouped as having low levels of childhood trauma (n = 1,122). The independent sample t-test found that participants with high levels of childhood trauma had significantly higher levels of depression, anxiety, fear, and post-traumatic stress symptoms for COVID-19. The results remained unchanged after controlling for age, gender, and years of education (see Supplementary Results and Supplementary Table S2). Male participants had significantly higher levels of childhood trauma and post-traumatic stress symptoms for COVID-19 and lower levels of depression and anxiety than female participants (see Supplementary Table S5).



TABLE 1 Demographic information and descriptive statistics of questionnaire scores.
[image: Table1]



3.2. Network estimation

The network visualization of the entire sample (n = 1,247) with 11 nodes is shown in Figure 1. As expected, positive correlations were found between the nodes that represented the subscales, indicating relatively strong “within-subscale” edges. As for the “between-scale” edges, the strongest one was the edge between the PHQ (the score of depression) and the GAD (the score of anxiety) (regularized partial correlation = 0.57), followed by the edge between the FCV (the score of fear of COVID-19) and the PCL1 (the score of the re-experiencing subscale) (regularized partial correlation = 0.29). Moreover, the PCL3 (the score of the hyperarousal subscale) was positively connected to the PHQ (the score of depression) and the GAD (the score of anxiety) (the partial correlations were 0.22 and 0.19, respectively). The CTQ1 (the score of emotional abuse subscale) was found to be positively connected to the PHQ (the score of depression), the GAD (the score of anxiety), and the PCL2 (the score of the avoidance subscale), and the CTQ5 (the score of the physical neglect subscale) was found to be positively connected to the PCL3 (the score of the hyperarousal subscale).

[image: Figure 1]

FIGURE 1
 (A) Visualization of the regularized network for the entire sample. Clusters of symptoms are represented by different colors. The gray node represents the fear of COVID-19. The light blue nodes represent depression and anxiety. The green nodes are a combination of traumatic symptoms post-COVID-19. Symptoms of childhood trauma are represented by the yellow nodes. Blue lines mean positive connections between nodes, whereas red lines mean negative connections. Thicker and shorter edges represent larger partial correlations. (B) Centrality indices plot include strength, betweenness, closeness, and expected influence. Values were converted to standardized z-scores. FCV, fear of Coronavirus disease 2019 (COVID-19) scale; PHQ, patient health questionnaire; GAD, generalized anxiety disorder questionnaire; PCL, post-traumatic stress disorder checklist—civilian; CTQ, childhood trauma questionnaire.




3.3. Network centrality

Figure 1 and Table 2 display the four centrality indices of the 11 nodes, which reflect the structural position and significance of each node. The CTQ1 (the score of emotional abuse subscale), the CTQ2 (the score of the physical abuse subscale), and the PCL2 (the score of the avoidance subscale) were the top three nodes in strength centrality, indicating that these nodes had the strongest connections with other nodes in the network. As for the betweenness centrality, the PCL2 (the score of avoidance subscale), the CTQ1 (the score of emotional abuse subscale), and the PHQ (the score of depression) had the most interactions with other nodes in the network. Regarding the closeness centrality, the PHQ (the score of depression), the PCL3 (the score of the hyperarousal subscale), and the CTQ1 (the score of emotional abuse subscale) had the shortest average distance with the other nodes, which suggested that these nodes were more closely connected with the other nodes in the network.



TABLE 2 Centrality and expected influence of nodes in the network.
[image: Table2]

The results of the bridge centrality test are shown in Figure 2 and Supplementary Table S3. The PCL3 (the score of the hyperarousal subscale) had the greatest centrality in both the strength and expected influence, showing the occurrence of hyperarousal in all of the four clusters of symptoms.

[image: Figure 2]

FIGURE 2
 Bridge centrality indices plots of strength (left) and expected influence (right) for the entire sample (n = 1,247). FCV, fear of Coronavirus disease 2019 (COVID-19) scale; PHQ, patient health questionnaire; GAD, generalized anxiety disorder questionnaire; PCL, post-traumatic stress disorder checklist—civilian; PCL1, re-experiencing; PCL2, avoidance; PCL3, hyperarousal; CTQ, childhood trauma questionnaire; CTQ1, emotional abuse; CTQ2, physical abuse; CTQ3, sexual abuse; CTQ4, emotional neglect; CTQ5, physical neglect.




3.4. Network accuracy and stability

Figure 3 presents the network stability and accuracy test of the entire sample. Results showed a strength centrality stability coefficient of 0.75, meaning excellent stability of the network. Additionally, as illustrated in Figure 3, the accuracy test showed small confidence intervals (CIs), indicating a reliable estimation of the edge weights.

[image: Figure 3]

FIGURE 3
 (A) Bootstrapped confidence intervals (CIs) of edge weights for the entire sample (n = 1,247). Dots fitted on the red line are sample edge weights and on the black line are bootstrapped means. The gray area indicates the 95% CIs. (B) Average correlations of strength centrality with the original sample when n % of sample cases were dropped. Lines indicate the means and the areas indicate the range from the 2.5 quantile to the 97.5 quantile.




3.5. Network comparison test

The visualized networks of the sample with high (Figure 4A; n = 125) and low (Figure 4B; n = 1,122) levels of childhood trauma as well as their centrality test are presented in Figure 4. The centrality and expected influence of the network for the two groups are shown in Supplementary Table S4. The global strength invariance test found no significant differences between the two networks (the strength difference was 0.28, p = 0.645), indicating that the two networks shared similar global strength of connections. The network invariance test also found no significant differences between the two networks (M = 0.27, p = 0.309). However, the node with the strongest betweenness for participants with high levels of childhood trauma was the CTQ1 (the score of the emotional abuse subscale), while the PCL3 (the score of the hyperarousal subscale) was the node with the strongest betweenness in the network for participants with low levels of childhood trauma. Moreover, the edge invariance test shows significant differences in FCV-CTQ1, CTQ3-CTQ4, and CTQ4-CTQ5. In addition, the network comparison test did not find a significant difference between the male and the female groups (Supplementary Table S6).

[image: Figure 4]

FIGURE 4
 (A) Network visualization of people with high levels of childhood trauma (n = 125). (B) Network visualization of people with low levels of childhood trauma (n = 1,122). The gray nodes represent the fear of COVID-19. The light blue nodes represent depression and anxiety. The green nodes are a combination of traumatic symptoms post-COVID-19. Symptoms of childhood trauma are represented by the yellow nodes. Blue lines are positive correlations between nodes, and red lines are negative correlations. The thicker and shorter the lines, the stronger and closer the connections. FCV, fear of Coronavirus disease 2019 (COVID-19) scale; PHQ, patient health questionnaire; GAD, generalized anxiety disorder questionnaire; PCL, post-traumatic stress disorder checklist—civilian; CTQ, childhood trauma questionnaire. (C) Centrality indices plot, including strength, betweenness, closeness, and expected influence, of the two networks. The red line represents individuals with high levels of childhood trauma and the blue line represents individuals with low levels of childhood trauma. Centrality values are presented in z-scores.





4. Discussion

Applying network analysis, the network structure between various types of childhood trauma and mental health problems during the COVID-19 pandemic was modeled. Consistent with our hypothesis, we found that the nodes of childhood trauma were connected to depression, anxiety, and post-traumatic stress level. Moreover, the nodes of childhood trauma showed the strongest strength centrality, indicating the important role of childhood trauma in the network. The network comparison test between participants with high and low levels of childhood trauma revealed different network structures. Furthermore, compared with participants with low levels of childhood trauma, participants with high levels of childhood trauma showed significantly higher levels of depression, anxiety, fear, and post-traumatic stress for COVID-19. Our findings suggest that individuals who have experienced childhood trauma may be more susceptible to experiencing these mental health difficulties during the COVID-19 pandemic.

Childhood trauma (the CTQ1 node and the CTQ2 node) was found to have the strongest strength centrality in the network based on the whole sample, indicating that childhood trauma played a central role in the network structure and highlighting the significant impact that childhood trauma can have on mental health outcomes during the pandemic. Our findings are consistent with previous studies which found positive correlations between childhood trauma and mental health problems during the COVID-19 pandemic (6, 58). Regarding the betweenness centrality and the closeness centrality, the findings suggested that the post-traumatic stress level (the PCL2 node and the PCL3 node), depression (the PHQ node), and childhood trauma (the CTQ1 node) played an important role in the network. These findings are in line with previous findings (59, 60). Childhood trauma we measured includes emotional abuse (the CTQ1 node), physical abuse (the CTQ2 node), sexual abuse (the CTQ3 node), emotional neglect (the CTQ4 node), and physical neglect (the CTQ5 node). Our findings found that emotional abuse has the highest centrality indexed in the whole network. Notably, individuals with more childhood trauma (especially emotional abuse) have been found to experience more psychological distress during the coronavirus (61). Therefore, interventions on emotion regulation mechanisms (62) may have potential effects on mental health for individuals with childhood trauma during the COVID-19 pandemic. Although studies using network analysis to examine the impacts of childhood trauma on mental health were scarce, some authors have adopted this approach to explore the impacts of the COVID-19 pandemic on mental health (63–66). For example, Zavlis et al. (63) included depression, anxiety, trauma symptoms, COVID-specific anxiety, and viral exposure to construct the network. They found no associations between viral exposure and symptoms, which may support our findings of weak connections between the FCV node with other nodes (63). Furthermore, Ventura-Leon et al. (64) revealed that the symptoms of depression and anxiety were the most central symptoms in their network. Meanwhile, they found that the depressive symptoms bridged the symptoms of stress and anxiety (64), which was similar to our network structure. Bridge centrality is usually used to understand comorbidity in network analysis (55). Hyperarousal had the highest bridge centrality in our study, demonstrating its significance in the development of both fear of the pandemic, depression, anxiety, and PTSD problems and its high co-occurrence with childhood maltreatment. This result was in line with the study, which found that hyperarousal symptoms have a mediation effect between childhood maltreatment and depression (67). Our findings indicate that hyperarousal might be a risk factor for mental health problems.

Additionally, when comparing the network structures between participants with high and low levels of childhood trauma, different structure was observed. This suggests that the presence and severity of childhood trauma can lead to variations in the network connections and dynamics of mental health problems during the pandemic. In terms of group effect, participants with high levels of childhood trauma displayed significantly more mental health problems compared with those with low levels of childhood trauma. Such findings are consistent with previous findings, which demonstrated more trauma symptoms and mental distress in individuals with childhood abuse (60, 68). Moreover, it has been widely recognized that childhood trauma is a risk factor contributing to the development of mental disorders, such as affective disorders, post-traumatic stress disorder, and schizophrenia (15, 69, 70).

It is important to note that this study has several limitations. First, the data collected relied on self-report measures, which may be subject to recall bias or social desirability bias. Second, the participants recruited in our study were college students. The findings may not be generalizable to other populations. Future research should aim to replicate these findings in diverse samples. Finally, the sample size of the group with high levels of childhood trauma was relatively small. A larger sample size is recommended for future studies to conduct network comparison tests.

In conclusion, the present study applied network analysis to investigate the intercorrelations of childhood trauma, depression, anxiety, fear, and post-traumatic stress levels related to COVID-19. The findings support the specific links between childhood trauma and mental health problems. These findings underscore the critical need for targeted interventions and support for individuals who have experienced childhood trauma, particularly during times of the COVID-19 pandemic.
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