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Background: Gender differences in COVID-19-related fear among mental health
professionals (MHPs) have been inadequately studied. This study compared the
gender differences in prevalence, correlates and network structure of COVID-19
fear among MHPs in China in the post-pandemic era.

Methods: A nationwide cross-sectional study was conducted between January
22 and February 10, 2023. Binary logistic regression was used to identify factors
associated with COVID-19 fear. Expected Influence was used to identify the most
central (influential) symptoms in gender-specific networks, while network
comparison tests were conducted to assess the differences between male and
female models.

Results: Among 7,199 MHPs, the overall prevalence of COVID-19 fear was 63.5%
(95% Cl: 62.3%-64.6%), with 61.7% (95% Cl: 58.9%-64.4%) in males and 65.0%
(95% Cl: 63.7%-66.2%) in females. For male MHPs, factors associated with
COVID-19 fear included having married status (OR: 1.39; 95% CI: 1.02-1.90; P
= 0.037), poorer economic status (poor vs. good: OR: 1.91; 95% CI: 1.23-2.98; P
= 0.004), more severe insomnia (OR: 1.04; 95% CI: 1.01-1.07; P = 0.018), and
depression (OR: 1.09; 95% Cl: 1.05-1.12; P < 0.001). For female MHPs, the
significant factors included having married status (OR: 1.21; 95% Cl: 1.06-1.37; P
= 0.004), poorer economic status (poor vs. good: OR: 1.39; 95% Cl: 1.11-1.73; P =
0.004), more severe insomnia (OR: 1.05; 95% CI: 1.03-1.06; P < 0.001),
depression (OR: 1.09; 95% Cl: 1.08-1.11; P < 0.001), and quarantine experience
(OR: 1.17; 95% CI: 1.04-1.30; P = 0.006). Network analysis revealed that the most
central symptom in the male network was FOC6 (sleep difficulties due to COVID-
19 concerns), while the corresponding node in the female network model was
FOC7 (palpitations when thinking about COVID-19).
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Conclusion: COVID-19-related fear was more prevalent among female MHPs
than males. Specific interventions targeting the central symptoms in each
network should be implemented to alleviate COVID-19 fear effectively and
improve the mental health of MHPs in the post-pandemic era.

mental health professionals, gender difference, fear of COVID-19, network analysis,

mental health

1 Introduction

In China, approximately 50% of the population had been
infected COVID-19 by 2023 (1). The clinical impact of COVID-
19 extends beyond the acute viral infection phase itself. Apart from
physical symptoms, COVID-19 often leads to psychological
problems and evokes widespread fear among the population. Fear
associated with COVID-19 manifests across four dimensions:
physical, interpersonal, cognitive and behavioral (2). The
development of post-infection sequelae of COVID-19 (PISC),
commonly referred to as Long COVID, is an emerging public
health concern. Certain symptoms, such as sleep disturbances,
myalgia, anosmia, dysgeusia, and headaches, often persist beyond
several months, adversely impacting one’s long-term mental health
and quality of life (3, 4). Therefore, it is crucial to examine the long-
term influence of the pandemic on mental health among the
population in the post-COVID era such as fear of COVID-19.

The mental health effects of the pandemic among mental health
professionals (MHPs) have been previously studied (5-7). A study
conducted in the Netherlands found that 30% of MHPs in mental
health institutions exhibited symptoms of depression, while 4.2%
had considered leaving their positions during the pandemic (8). In
China, MHPs predominantly comprise psychiatrists, nurses, or
technicians, working in psychiatric hospitals or psychiatric
departments of general hospitals (9). These professionals provide
most of the mental health services in China (10). Notably, their
clinical practice often occurs without specialized respiratory
protection, a critical measure for COVID-19 prevention. Such
resource limitation may exacerbate anxiety among MHPs when
encountering potential COVID-19 cases. Previous studies on MHPs
during the pandemic mostly focused on symptoms such as
insomnia, anxiety and depression, and few of them addressed the
prevalence and correlates of COVID-19-related fear, particularly in
the post-COVID era. However, COVID-19 fear might indicate
underlying mental health problems, for instance, a previous meta-
analysis revealed that COVID-19 fear was significantly related with
anxiety and depression, especially among healthcare professionals
(HPs) (11).

Apart from the COVID-19 infection itself, the implementation
of strict public health preventive measures during the pandemic
might have prolonged adverse socio-occupational impacts on
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MHPs even in the post-pandemic era. These effects could have
both psychological and physiological manifestations, such as
depressive and anxiety symptoms, sleep disturbances, palpitations,
and post-traumatic stress symptoms, with many HPs reporting
persistent fear when recalling their experiences during the
pandemic (12). Furthermore, the heightened prevalence of mental
health problems among the population during and immediately
after the pandemic would significantly increase the workload of
MHPs, thereby exacerbating the risk of mental health problems
including COVID-19 fear. Moreover, compared to most of other
HPs, MHPs were exposed to patients’ pandemic-related trauma
narratives even during the post-pandemic period, potentially
leading to vicarious fear (13). Such sustained exposure might
result in empathic overload that could affect their psychological
well-being. Among the professional development skills for MHPs,
the physiological consequences of emotion regulation might have
unwanted impacts. Previous research indicated that emotion
suppression strategies, often employed in clinical settings, might
elevate diurnal cortisol secretion, a biomarker of chronic stress (14).
Striving to suppress emotions could increase cortisol concentration,
which might paradoxically amplify pandemic-related distress (15).
Thus, understanding COVID-19-related fear among MHPs is
crucial for addressing their mental well-being, professional
competence, work satisfaction and retention, which might serve
as a model for other HPs and ultimately benefiting patient care.

Previous research found gender differences in the prevalence
and experience of long COVID, with females being more likely to
report persistent symptoms compared to males (16). This might be
attributed to females being more prone to experience symptoms of
mood and hyper-arousal (17). However, previous findings have
been inconsistent. Some studies reported that females had higher
levels of COVID-19-related fear than males (18, 19). Conversely, a
study found that male HP expressed greater fear of COVID-19 than
their female counterparts (20), while another study reported no
significant gender differences in HPs during the pandemic (21).
Such inconsistencies suggest that gender differences in COVID-19-
related fear might vary across different populations and change over
time. Therefore, it is important to further clarify gender differences
in COVID-19-related fear.

It should be noted that most studies evaluated COVID-19 fear
based solely on total scores of standard scales, weighing individual
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symptoms equally (22, 23). However, this approach obscures the
meaningful inter-relationships between individual symptoms and
hinders the identification of influential symptoms that might play a
more significant role in the maintenance of COVID-19 fear. To
address this limitation, network analysis has been used as a novel
statistical method that could examine how psychiatric symptoms
interact with each other and identify the most central (influential)
symptoms (24). Network models consist of nodes and edges; nodes
represent psychiatric symptoms, while edges reflect their statistical
associations (25). Using such an approach, it is possible to identify
the most central nodes whose activation could directly influence
nearby connected nodes (26), potentially preventing the
exacerbation of certain disorders through targeted attention to
these nodes (27). Network analysis concerning the COVID-19
fear have been applied to the study of the general population
(28), as well as forensic healthcare workers (28).

There are several common limitations among previous studies.
First, most have primarily focused on mental health issues, such as
anxiety and depression, among MHPs, with limited attention given
to COVID-19-related fear, particularly in the post-pandemic
context. Second, gender differences in COVID-19-related fear
remain poorly understood, with available findings showing
inconsistencies across different populations. Third, previous
research on COVID-19-related fear has predominantly relied on
aggregate scale scores, neglecting symptom-level interactions, and
thus failing to identify the most influential symptoms. To address
these gaps, we compared gender differences in the prevalence,
correlates and network structure of COVID-19-related fear
among MHPs in the post-pandemic era.

2 Methods
2.1 Study design and participants

The study assessed the mental health status of MHPs who
experienced COVID-19 fear in the post-pandemic era. We
conducted a cross-sectional national survey from January 22 to
February 10, 2023, utilizing a snowball sampling method. A total of
7,199 MHPs across China participated in the survey. Following
previous studies (29, 30), we employed the “Questionnaire Star”
program, which is widely used in epidemiological research in public
mental health in China (31-33). The program generated a Quick
Response QR) Code for a specific questionnaire, enabling
participants to scan and share the survey via WeChat, one of the
most widely used social messaging platforms in China.
Furthermore, WeChat served as a unique tool for reporting daily
health status during the pandemic in China (34), ensuring
widespread use among MHPs nationally.

Eligible participants were: (1) Individuals aged 18 years or older;
(2) MHPs, including psychiatrists, nurses, or technicians, working
in psychiatric hospitals or psychiatric departments of general
hospitals across China; (3) Individuals who had recovered from
COVID-19 by December 1, 2022; (4) MHPs with post-infection
sequelae (PISC) of COVID-19; and (5) Individuals who could
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comprehend Chinese and provide electronic written informed
consent. Exclusion criteria included: (1) Individuals with severe
pre-existing health conditions (e.g., severe cardiovascular disease,
respiratory disorders or immunosuppression) prior to the
pandemic; (2) Pregnant individuals; and (3) MHPs who were not
on duty during the COVID-19 pandemic. The Ethics Committee of
Beijing Anding Hospital approved the study protocol (“The
Linshenwei No.: 26 in 2023”), and all participants provided
electronic informed consent.

2.2 Measures and assessments

The sociodemographic and health-related information of MHPs
were collected, including age, gender, marital status, working years,
living status, economic and health status, COVID-19 infection
history, and quarantine experience. Fear-related symptoms of
MHPs were evaluated with the validated Chinese version of the
Fear of COVID-19 Scale (FCV-19S) (35, 36), which consists seven
items: (1) FOCI: Afraid of COVID-19 pandemic; (2) FOC2:
Uncomfortable to think about COVID-19 pandemic; (3) FOC3:
Clammy when thinking about COVID-19 pandemic; (4) FOC4:
Afraid of losing life because of COVID-19 pandemic; (5) FOCS:
Nervous when watching news about COVID-19 pandemic; (6)
FOC6: Sleep difficulties caused by worried about COVID-19; (7)
FOC?7: Palpitation when thinking about COVID-19 pandemic. The
FCV-19S items are categorized into two domains: physical response
(FOC3, FOC6 and FOC?) and fear-related thoughts (FOC1, FOC2,
FOC4 and FOCS5). All seven items are rated on a 5-point Likert scale,
with total scores ranging from 7 to 35, where higher scores indicate
greater dread (36). Following the previous studies, a cutoff score
of 216 was used to define as having severe fear of COVID-19
pandemic (37, 38).

Depressive symptoms were assessed with the validated Chinese
version of the nine-item Patient Health Questionnaire (PHQ-9) (39,
40). The PHQ-9 measures specific depression symptoms such as
poor mood, loss of interest, and sleep disturbances (41). Each item
is rated from 0 (not at all) to 3 (nearly every day), with a total score
ranging from 0 to 27. A higher total score indicates a greater degree
of depression.

Anxiety symptoms were measured using the validated Chinese
version of the General Anxiety Disorder -7 (GAD-7) (42, 43). The
GAD-7 consists of seven items, and each item is scored from 0 (not
atall) to 3 (nearly every day) with a total score ranging from 0 to 21.
The items correspond to specific anxiety symptoms, including
nervousness, anxiety, and excessive worry.

Insomnia symptoms were evaluated using the validated Chinese
version of the Insomnia Severity Index (ISI-7) (44, 45), which
comprises seven items, and each is rated from 0 (no problem) to
4 (very severe problem). The total score ranges from 0 to 28, with
higher scores indicating more severe insomnia symptoms. Each ISI-
7 item assesses specific insomnia symptoms, such as difficulty falling
asleep, maintaining sleep, and early awakenings.

These scales had satisfactory psychometric properties in studies
among Chinese populations. In this study, the Cronbach’s alpha
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values for the FCV-19S, PHQ-9, GAD-7 and ISI-7 were 0.93, 0.90,
0.93, 0.94, respectively.

2.3 Statistical analysis

All statistical analyses were performed using the R software
program (Version 4.4.2) (46). The normality of distributions was
assessed using Q-Q plot through the “ggpubr” package (Version
0.6.0) (47). Continuous variables that followed a normal
distribution were compared between the groups with and without
COVID-19 fear using t-test, while non-normally distributed
variables were compared using Mann Whitney U test. Chi-square
tests were employed for categorical variables. Additionally, a binary
logistic regression was conducted to identify the factors that were
significantly associated with COVID-19 fear in MHPs with
statistically significant variables from the univariate analyses
serving as independent variables. A two-tailed significance level of
P < 0.05 was used for all tests in this study.

In the network model, each node represented a specific
COVID-19 fear-related symptom, with edges reflecting the
associations between neighboring nodes. Thicker edges indicated
stronger relationships between nodes. Green and red color edges
represented positive and negative associations, respectively (48). We
employed a Graphical Gaussian Model (GGM) to assess partial
correlations among COVID-19 fear symptoms, establishing an
undirected network model, thus enabling the exploration of nodes
independently of causal relationships (49). To produce a sparse
model, a graphic Least Absolute Shrinkage and Selection Operator
(GLASSO) was applied with a tuning parameter of 0.5 to eliminate
spurious edges by setting weak partial correlation coefficients to
zero (50). Additionally, we used the Extended Bayesian Information
Criterion (EBIC) to select the best-fitting network model (51).
Following the EBICglasso procedure, the “EstimateNetwork”
function from the “bootnet” package (Version 1.5.6) was used to
identify the best-fit network model (49), while “qgraph” (Version
2.1.0) (48) and “ggplot2” (Version 3.5.0) (52) were used for
network visualization.

To quantify the most important symptoms in the network,
centrality indices were used. Specifically, we utilized the Expected
Influence (EI), which rigorously evaluates the cumulative impact of
the node’s connections, accounting for both positive and negative
edges (27) we used the package “mgm” (Version 1.2.0) (53) to
compute the predictability, which indicates the internal connections
between a node and its adjacent nodes.

The stability of the established network model was evaluated
using the R-package “bootnet”, in which reliability of the weights of
each edge in the network was assessed through the bootstrapped
95% confidence interval (95% CI). A narrow bootstrapped 95% CI
that does not contain zero suggests a robust network (54). Further,
centrality stability was assessed through case-dropping bootstrap
and computing the correlation stability coefficient (CS-coefficient).
A CS-coefficient above 0.25 indicates a stable result and a value
exceeding 0.5 is preferred (49). Moreover, the significance of
differences in edge weights and centrality indices was assessed
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through bootstrapped difference tests. More black boxes suggest
that the strength of this connection remains consistent across
multiple resampling, therefore the network structure is relatively
stable (55).

To investigate potential differences in network characteristics
between males and females, we conducted a network comparison
test (NCT) using the package “NetworkComparisonTest” (Version
2.2.2) (56). The NCT method compares network structures based
on three key components: network structure, edge strength and
global strength. Specifically, network structure is assessed by
comparing the distribution of edge weights, edge strength
examines whether specific edges differ significantly between
networks, and global strength represents the sum of all edge
weights, thus providing insight into the overall connectivity of the
networks (57).

3 Results
3.1 Participant characteristics

From a total of 11,524 MHPs invited to participate in this study,
7,199 who met the study entry criteria were included for analyses.
Demographic characteristics of the participants are summarized in
Table 1. Participants’ ages ranged from 18 to 66 years, with an
average age of 35.1 years (SD = 8.3 years). Notably, over half had
experienced at least a week of quarantine during the pandemic (n =
4,117; 57.2%).

3.2 Gender differences in the prevalence of
COVID-19 fear in mental health
professionals

The overall prevalence of COVID-19 fear (defined as a FCV-
19S total score > 16) among MHPs was 63.5% (n = 4,648; 95% CI:
62.3%-64.6%) Specifically, 61.7% (n=715, 95% CI: 58.9%-64.4%) of
male participants and 65.0% (n=3,933, 95% CI: 63.7%-66.2%) of
female participants reported fear of COVID-19. The gender
difference of prevalence of COVID-19 fear reached a significance
level (x* = 4.6; P = 0.03).

3.3 Independent correlates of COVID-19
fear among male and female MHPs

Table 1 shows the demographic characteristics of MHPs with
and those without COVID-19 fear by gender.

For males, compared with those without significant COVID-19
fear, MHPs with fear were more likely to be older (P = 0.004),
working longer years (P < 0.001), be married (P = 0.002) and
reporting poorer economic (P < 0.001) and health status (P <
0.001). Additionally, they exhibited significantly higher mean scores
on the PHQ-9 (P < 0.001), GAD-7 (P < 0.001) and ISI-7 (P < 0.001)
scales. In contrast, for females, compared with those without
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TABLE 1 Demographic characteristics of mental health professionals with and without COVID-19 fear grouped by gender.

Female Univariate
Total Fear Univariate . Fear analyses
Variable (N=7,199) (N=715) 2analyses  feqr (N=3,933)
% \| %
Married 5302 | 736 256 579 478 669 @ 9.4 0.002 | 1,554 737 3014 766 64  <0.001
Living with others 6464 | 89.8 | 374 846 604 845 | 0004 0949 1,908 905 | 3,578 910 04 0518
At least 1-week quarantine during the COVID-19 = 4,116 | 57.2 | 263 595 432 607 009 0757 1114 528 2307 587 190  <0.001
‘ Economic status
Poor 844 1.7 | 70 | 158 190 266 252  <0.001 149 71 435 1.1 | 401 | <0.001
Fair 5963 | 828 334 756 496  69.4 1811 | 859 | 3,322 845
Good 392 54 38 86 | 29 4l 149 7.1 176 45
Health status
Poor 586 81 |34 77 106 148 252  <0.001 104 49 342 87 549  <0.001
Fair 5422 | 753 | 297 | 672 499  69.8 1,588 | 737 3,038 | 772
Good 1,191 16.5 111 25.1 110 154 417 19.8 553 14.1
M SD M SD M SD yA P M SD M SD Z P
Age (years) 35.1 8.3 323 8.3 337 8.4 238 0.004 | 353 8.1 356 8.2 1.6 0.109
Working years 13.0 9.1 9.6 9.0 11.0 8.7 36 <0.001 134 9.1 13.6 9.0 0.9 0.322
GAD-7 total 3.6 44 23 3.6 5.1 5.1 82 <0.001 19 3.1 43 46 82 <0.001
ISI-7 total 7.1 55 55 52 8.9 6.5 82 <0.001 52 47 7.9 55 82 <0.001
PHQ-9 total 6.3 55 4.7 4.9 8.3 6.3 82 <0.001 43 43 7.2 56 82 <0.001
No-fear  Fear 7 P

Male 442 715 4.6 0.03
Female 2,109 3,933

Bolded values: <0.05; M: mean; SD: standard deviation; GAD-7: the 7-item General Anxiety Disorder; ISI-7: the 7-item Insomnia Severity Index; PHQ-9: the 9-item Patient Health Questionnaire.

P-values are not adjusted for multiple comparisons.

COVID-19 fear, MHPs with fear were more likely to be married (P
< 0.001), quarantined previously (P < 0.001), and reporting worse
economic (P < 0.001) and health conditions (P < 0.001). Similar to
males, females with fear scored significantly higher on the PHQ-9
(P < 0.001), GAD-7 (P < 0.001), and ISI-7 (P < 0.001) scales.
Binary logistic regression analysis revealed that, among male
MHPs, being married was significantly associated with higher risk
of COVID-19 fear (OR: 1.39; 95%CI: 1.02-1.90; P=0.037).
Furthermore, having worse economic status (poor vs. good: OR:
1.91; 95%CI: 1.23-2.98; P=0.004) and more severe insomnia
(OR:1.04; 95%CI: 1.01-1.07; P=0.018) and depression (OR:1.09;
95%CI: 1.05-1.12; P<0.001) were significantly associated with
more severe COVID-19 fear (Table 2). Similarly, among female
MHPs, having married status (OR: 1.21; 95% CI: 1.06-1.37; P =
0.004), worse economic status (poor vs. good: OR: 1.39; 95% CI:
1.11-1.73; P=0.004) and more severe insomnia (OR: 1.05; 95%CI:
1.03-1.06; P<0.001) and depression (OR: 1.09; 95%CI: 1.08-1.11;
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P<0.001) were significantly associated with more severe COVID-19
fear. In female but not in male MHPs, quarantine experience (OR:
1.17; 95%CI: 1.04-1.30; P=0.006) was significantly associated with a
higher level of COVID-19 fear (Table 2). GAD-7 was excluded in
the multivariate analyses due to the multicollinearity between PHQ-
9 and GAD-7 assessments.

3.4 Network structure of COVID-19 fear

Figures 1 and 2 illustrate the network structure and centrality
indices of COVID-19 fear in male and female MHPs, respectively.
In the male model, FOC6 (Sleep difficulties caused by worried about
COVID-19 pandemic) had the highest EI value, whereas in the
female network, FOC7 (Palpitation when thinking about COVID-
19 pandemic) exhibited the highest centrality, indicating that these
symptoms were the most influential in the respective models.

05 frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1631050
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Rao et al. 10.3389/fpsyt.2025.1631050

TABLE 2 Independent correlates of COVID-19 fear among male and female mental health professionals.

Fear of COVID-19(Y/N)

Variables Female
95%Cl OR 95%Cl
Married 0.037 1.39 1.02-1.90 0.004 1.21 1.06-1.37
Age 0.400 1.02 0.98-1.05 - - -
Economic status = = = = = =
Poor 0.004 191 1.23-2.98 0.004 1.39 1.11-1.73
Fair >0.900 0.99 0.75-1.30 0.700 0.97 0.85-1.11
Good - 1.00 - - 1.00 -
Health status
Poor 0.600 0.89 0.60-1.32 0.062 0.82 0.67-1.01
Fair 0.700 0.95 0.75-1.21 0.400 0.95 0.84-1.08
Good - 1.00 - - 1.00 -
Working years 0.600 1.02 0.96-1.02 - - -
At least 1-week quarantine B B - 0.006 117 1.04-1.30
during the COVID-19
ISI-7 total 0.018 1.04 1.01-1.07 <0.001 1.05 1.03-1.06
PHQ-9 total <0.001 1.09 1.05-1.12 <0.001 1.09 1.08-1.11

Bolded value: <0.05; CI, confidential interval; OR, odds ratio.
P-values are unadjusted for multiple comparisons.

Predictability is encoded in the outer ring’s filled-to-blank area
ratio, where the colored proportion reflects the magnitude of the EI
value in Figure 1. The mean predictability of the seven nodes was
0.45 for males and 0.74 for female, indicating that an average of 45%
and 74% of the variance in each node could be accounted for by its
neighboring nodes in the respective models (Supplementary
Table S1).

3.5 Network comparison tests by gender

Figure 3 presents the comparison of the network models
between male and female MHPs. Significant differences were
found in network global strength (P < 0.001) and the distribution
of edge weights (P = 0.031). Specifically, the female network was
sparser than the male network.

3.6 Network stability and accuracy

In Supplementary Figure SI, the left panel displays the
bootstrapped 95% CIs for edge weights in the female network,
indicating a reliable network with narrower intervals, thus
signifying greater stability. Conversely, the intervals for the male
network are wider, suggesting a less stable network than the female
network, though still within acceptable limits. As shown in
Supplementary Figure S2, the CS-coefficients for both female and
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male EIs were 0.75, indicating that the EI structure of both networks
remains unchanged even after removing 75% of the sample, thus
confirming their stability. In addition, bootstrapped difference tests
for centrality indices revealed that most boxes were grey in the male
network, indicating that the confidence interval for the centrality
indices in the bootstrap process contains zero, so the value might
not be reliable enough. In contrast, most boxes were black in the
female network, indicating that the female network was more stable
(Supplementary Figure S3). Regarding edge weight differences (as
shown in Supplementary Figure S4), in the male panel, more than
half of the edges did not differ significantly from each other.

4 Discussion

To the best of our knowledge, this was the first study that
compared COVID-19 fear between male and female MHPs with
PISC using network analysis. The prevalence of COVID-19 fear in
this study was 63.5% (95% CIL: 62.3%-64.6%). Due to a lack of
studies comparing the prevalence of COVID-19 fear among HPs in
China, a direct comparison with similar studies was not possible.
Previous research found that MHPs with COVID-19 fear were
usually at an increased risk of burnout and secondary traumatic
stress (58). Our study adds to this literature by examining the
gender differences in COVID-19 fear among MHPs with PISC. The
results revealed that female MHPs with PISC (65.0%, 95% CI:
63.7%-66.2%) exhibited a higher prevalence of COVID-19 fear

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1631050
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Rao et al.

10.3389/fpsyt.2025.1631050

Female Male

FIGURE 1

The fear of COVID-19

FOC1: Afraid of COVID-19

FOC2: Uncomfortable to think about COVID-19

FOC3: Clammy when thinking about COVID-19

FOCA4: Afraid of losing life because of COVID-19

FOCS5: Nervous when watching news about COVID-19
FOCS6: Sleep difficulties caused by worried about COVID-19
FOCT: Palpitation when thinking about COVID-19
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Network structure of COVID-19 fear among female and male mental health professionals.
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The fear of COVID-19 centrality changes among female and male mental health professionals.

compared to their male counterparts (61.7%, 95% CI: 58.9%-
64.4%). The gender discrepancy is partly consistent with previous
findings from Saudi Arabia and Belgium that female HPs reported
higher levels of COVID-19-related anxiety than their male
counterparts (59, 60). Possible reasons for the gender difference
might relate to females perceiving the COVID-19 as posing a higher
risk to themselves and a greater threat to public health than males
(61). Additionally, the hypothalamic-pituitary-adrenal axis in
females might be more sensitive, potentially increasing their
vulnerability to fear responses (62).
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We found that having married status, insomnia, worse
economic status, and depression were significantly associated with
higher levels of COVID-19 fear in both genders, which aligns with
previous studies on factors associated with the perceived COVID-19
fear among Brazilian college students, and the economic and
societal influence of the COVID-19 lockdown on the general
Japanese population (63, 64). While being married generally
enhanced mental health and coping abilities, married MHPs
during the pandemic often faced domestic caregiving
responsibilities while also managing substantial clinical
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workloads, thereby exacerbating their perceived vulnerability and
pandemic-related fear (65). The association between insomnia and
COVID-19 fear among MHPs might be mediated through several
factors. Clinically, the need to manage challenging behaviors among
patients, including those exhibiting acute psychiatric disturbances,
could lead to prolonged occupational stress (66). This heightened
stress response could result in increased serum cortisol levels and
reduced melatonin synthesis, which might in turn disrupt sleep
patterns, initiation, and maintenance, thereby exacerbating
insomnia (67). Further, participants with depression were more
susceptible to COVID-19 fear, as depressive symptoms might
deplete emotional resources, impairing their ability to provide
high-quality patient care (68). Additionally, female MHPs with
past quarantine experience exhibited higher levels of COVID-19
fear, aligning with findings from dental professionals who reported
that quarantine measures were associated with increased pandemic-
related fear (69). This heightened fear among female MHPs might
be partially attributed to the separate quarantine locations in hotels
or hospitals, that were remote from their established social
networks. Consequently, they might perceive significantly less
social support from colleague and families that is a critical stress-
coping mechanism for females, compared to males (70, 71), thus
amplifying their fear. Furthermore, quarantine restrictions might
limit their ability to share domestic responsibilities with family
members and exacerbate their psychological burden. In China,
females usually had disproportionately more family and childcare
duties (72) and their inability to fulfill these roles during quarantine
could likely intensify their distress. Moreover, we found a significant
association between lower economic status and heightened fear of
COVID-19. A possible explanation might be related to economic
vulnerability being a known predictor of poorer mental health
outcomes (73). Specifically, MHPs in lower economic status
might experience increased anxiety due to uncertainties about the
future, which could amplify their fear of COVID-19.
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Regarding the network comparison of COVID-19 fear between
both genders, the overall structures were similar, but the global
strengths differed significantly. Specifically, the female network
model exhibited greater sparsity, which might be attributed to
gender-specific variations in emotion regulation strategies. For
instance, females tended to employ a broader range of emotion
regulation strategies, including cognitive reappraisal, problem-
solving, acceptance and distraction, compared to males (74). Such
enhanced regulatory capacity might result in a more dispersed fear
response among females, rather than a concentrated focus on specific
fear-related items. Compared to their male counterparts, females
tended to maintain broader, non-kin-centered social networks
characterized by emotional communication and self-disclosure,
which could enhance their access to social support (75). Such
support could mitigate the association between specific aspects of
fear, thereby weakening the overall connectivity within the female
network model (76). Consequently, the global strength of internal
connections in the female network model might be reduced.

In the male network, the most central symptom was “Sleep
difficulties caused by worried about COVID-19” (FOCS6), indicating
its pivotal role within the network. This finding is consistent with
previous research on COVID-19-related fear among fire service
recruits (37). Sleep difficulties, defined as challenges in falling or
staying asleep (77), represents a physical manifestation of fear and is
associated with somatization symptoms. Such symptoms could
significantly impair work performance and overall well-being (78).
A nationwide study in China found that approximately 36.2% (95%
CI: 35.0%-37.0%) of MHPs experienced insomnia, which was likely
exacerbated by heightened work pressure and increased risks of
infection during the pandemic (79). Many MHPs had direct care
responsibilities for COVID-19 patients despite having limited
experience in infectious disease management, which likely
intensified their fear and sleep disturbances that had persisted into
the post-pandemic era. Male MHPs were disproportionately assigned
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to leadership positions and high-risk clinical duties during the
pandemic, which often led to extended work hours and heightened
work pressure (80). Such occupational stressors likely contributed to
higher rates of work burnout among male compared to female
MHPs, which might have disrupted their sleep patterns (81).
Additionally, stigma often prevented males from seeking mental
health care (82), which could lead to unaddressed psychological
distress manifesting as somatic symptoms.

In the female network model, “Palpitations when thinking
about COVID-19” (FOC7) emerged as the most central symptom,
which is consistent with a previous network analysis of COVID-19
fear among Brazilian adults (83). Palpitations, defined as the
perception of an abnormal heartbeat (84), are strongly associated
with intense psychological distress such as fear (85). For instance, a
study on female participants found that fear-induced activation of
the sympathetic nervous system could elevate heart pump function
and induce vasoconstriction, potentially triggering palpitations
(86). Additionally, palpitations were among the most common
symptoms reported in persons with long COVID (87). In China,
the abrupt termination of China’s Zero-COVID Policy and the
subsequent surge in COVID-19 cases led to a sharp rise in hospital
visits, overwhelming the healthcare systems and disrupting daily life
(88). In this context, the ongoing uncertainty and fear of infection
had likely aggravated psychological distress, which in turn
contributed to persistent symptoms such as palpitations (FOC7).
Further, MHPs of whom the majority were female nurses, often
faced increased workload and night shifts, as reported in a study on
occupational burnout among psychiatric medical staff (89). Night
shifts could adversely affect the physical and mental health of
MHPs, with palpitations emerging as a predominant concern,
thus contributing to this being the most central symptom
impacting COVID-19 fear, especially among female MHPs. In
addition, research indicated greater emotional self-awareness in
females compared with males, including the perception of internal
bodily states (e.g., cardiac, respiratory, or gastrointestinal
sensations) could be positively correlated with emotional
processing capacity (90-92). This increased sensitivity to
physical-emotional integration might explain why female MHPs
disproportionately reported palpitations during fear states, as they
were more attuned to psychosomatic manifestations of distress (93).

The strengths of this study included the large sample size, the
unique sample of MHPs and use of the novel statistical approach,
network analysis, that could examine the gender-specific COVID-19
fear at a symptom level. Additionally, we explored the correlates
across both genders, thereby providing valuable insights into gender
differences in fear responses. However, several limitations should be
noted. First, as a cross-sectional study, the network structure could
not establish either the temporal or causal relationships between
symptoms; therefore, longitudinal studies are needed to capture
dynamic symptom changes over time. Second, the assessment of
COVID-19 fear was based on self-report, which might introduce
recall bias. Third, the data collected on quarantine exposure did not
distinguish between different quarantine settings (e.g., home vs.
centralized facilities), which might influence mental health
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outcomes. Future studies should capture such details to understand
context-dependent effects. Third, the use of an online survey might
result in selection bias, thus limiting the generalizability of the
findings. Fourth, due to the exploratory nature of the study (94,
95), the significance level was unadjusted for multiple comparisons,
although this might potentially increase the risk of false
positive results.

In conclusion, this network analysis found that COVID-19 fear
was more common among female MHPs compared with male
MHPs. Having married status, insomnia, worse economic status
and depression were significantly associated with higher levels of
COVID-19 fear in both genders. According to the network analysis,
“Sleep difficulties caused by worried about COVID-19” (FOC6) was
the most central symptom in the male network model while
“Palpitation when thinking about COVID-19” (FOC7) was the
most central symptom in the female model. Relevant
interventions targeting such symptoms should be implemented in
the post-pandemic era to alleviate COVID-19 fear effectively and
improve the mental health of MHPs.

Data availability statement

The datasets presented in this article are not readily available
because the Research Ethics Committee of Beijing Anding Hospital
that approved the study prohibits the authors from making publicly
available the research dataset of clinical studies. Requests to access
the dataset should be addressed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Beijing Anding Hospital. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

S-YR: Writing — review & editing, Writing - original draft.
M-RZ: Writing - original draft. F-RA: Writing - review &
editing. YF: Writing - review & editing. ZS: Writing - review
& editing. TC: Writing - review & editing. GU: Writing - review
& editing. CN: Writing - review & editing. Y-TX: Writing -
review & editing. GW: Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. The study was supported
by Beijing High Level Public Health Technology Talent Construction

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1631050
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Rao et al.

Project (Discipline Backbone-01-028), the Beijing Municipal Science
& Technology Commission (No. Z181100001518005), the Capital’s
Funds for Health Improvement and Research (CFH 2024-2-1174)
and the University of Macau (MYRG-GRG2023-00141-FHS;
CPG2025-00021-FHS).

Acknowledgments

The authors are grateful to all participants and clinicians
involved in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Correction note

A correction has been made to this article. Details can be found
at: 10.3389/fpsyt,2025,1716267.

References

1. Zeng X, Xie Y, Yang X, Peng Z, Tang ], Yang L, et al. SARS-CoV-2 surveillance
through China influenza surveillance information system—China, December 1, 2022 to
February 12, 2023. China CDC Weekly. (2023) 5:152. doi: 10.46234/ccdcw2023.027

2. Schimmenti A, Billieux J, Starcevic V. The four horsemen of fear: An integrated
model of understanding fear experiences during the COVID-19 pandemic. Clin
neuropsychiatry. (2020) 17:41. doi: 10.36131/CN20200202

3. Chen B, Julg B, Mohandas S, Bradfute SB. Viral persistence, reactivation, and
mechanisms of long COVID. Elife. (2023) 12:€86015. doi: 10.7554/eLife.86015

4. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month consequences of
COVID-19 in patients discharged from hospital: a cohort study. Lancet. (2023) 401:
€21-33. doi: 10.1016/S0140-6736(20)32656-8

5. Dong P, Lin X, Wu F, Lou S, Li N, Hu S, et al. Depression, anxiety, and burnout
among psychiatrists during the COVID-19 pandemic: a cross-sectional study in
Beijing, China. BMC Psychiatry. (2023) 23:494. doi: 10.1186/s12888-023-04969-5

6. Yang S, Tan GKJ, Sim K, Lim LJH, Tan BYQ, Kanneganti A, et al. Stress and
burnout amongst mental health professionals in Singapore during Covid-19
endemicity. PloS One. (2024) 19:¢0296798. doi: 10.1371/journal.pone.0296798

7. Leung H, Lim M, Lim WO, Lee S-A, Lee ]. Psychological well-being of healthcare
workers during COVID-19 in a mental health institution. PloS One. (2024) 19:
€0300329. doi: 10.1371/journal.pone.0300329

8. de Vroege L, van den Broek A. Post-pandemic self-reported mental health of
mental healthcare professionals in the Netherlands compared to during the pandemic-
an online longitudinal follow-up study. Front Public Health. (2023) 11:1221427.
doi: 10.3389/fpubh.2023.1221427

9. Sun M, Zhou H, Li Y, Wang ], Yang W, Gong Y, et al. Professional characteristics,
numbers, distribution and training of China’s mental health workforce from 2000 to
2020: a scoping review. Lancet Regional Health-Western Pacific. (2024) 45:100992.
doi: 10.1016/j.lanwpc.2023.100992

10. Xia L, Jiang F, Rakofsky ], Zhang Y, Shi Y, Zhang K, et al. Resources and
workforce in top-tier psychiatric hospitals in China: a nationwide survey. Front
Psychiatry. (2021) 12:573333. doi: 10.3389/fpsyt.2021.573333

11. Alimoradi Z, Ohayon MM, Griffiths MD, Lin C-Y, Pakpour AH. Fear of
COVID-19 and its association with mental health-related factors: systematic review
and meta-analysis. B/Psych Open. (2022) 8:73. doi: 10.5812/ircm;j.22615

12. Dutheil F, Mondillon L, Navel V. PTSD as the second tsunami of the SARS-Cov-
2 pandemic. psychol Med. (2021) 51:1773-4. doi: 10.1017/50033291720001336

Frontiers in Psychiatry

10

10.3389/fpsyt.2025.1631050

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.
1631050/full#supplementary-material.

13. Nanay B. Catharsis and vicarious fear. Eur ] Philosophy. (2018) 26:1371-80.
doi: 10.1111/ejop.12325

14. LeMoult J. From stress to depression: Bringing together cognitive and
biological science. Curr Dir psychol Science. (2020) 29:592-8. doi: 10.1177/
0963721420964039

15. Rnic K, Jopling E, Tracy A, LeMoult J. Emotion regulation and diurnal cortisol:
Alongitudinal study of early adolescents. Biol Psychol. (2022) 167:108212. doi: 10.1016/
j-biopsycho.2021.108212

16. Bai F, Tomasoni D, Falcinella C, Barbanotti D, Castoldi R, Mule G, et al. Female
gender is associated with long COVID syndrome: a prospective cohort study. Clin
Microbiol infection. (2022) 28:611. e9-611. el6. doi: 10.1016/j.cmi.2021.11.002

17. 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 Res. (2020) 287:1257943. doi: 10.3389/fpubh.2023.1257943

18. Broche-Pérez Y, Fernandez-Fleites Z, Jiménez-Puig E, Fernandez-Castillo E,
Rodriguez-Martin BC. Gender and fear of COVID-19 in a Cuban population sample.
Int ] Ment Health addiction. (2022) 20:83-91. doi: 10.1007/s11469-020-00343-8

19. Fitzpatrick KM, Harris C, Drawve G. Living in the midst of fear: Depressive
symptomatology among US adults during the COVID-19 pandemic. Depression
anxiety. (2020) 37:957-64. doi: 10.1002/da.23080

20. Ariyo JO, Akinnawo EO, Akpunne BC, Kumuyi DO, Onisile DF. An
investigation of associations and incidence of anxiety, depression, perceived
vulnerability to diseases, and fear of COVID-19 among Nigerian health care
workers. Arch Pediatr Infect Dis. (2022) 10. doi: 10.5812/pedinfect.114746

21. Ashoor MM, Almulhem NJ, AlMubarak ZA, Alrahim AA, Alshammari SM,
Alzahrani FS, et al. The psychological impact of the COVID-19 pandemic on
otolaryngologists: Should we be concerned? Laryngoscope Invest Otolaryngol. (2021)
6:576-85. doi: 10.1002/1i02.556

22. Mertens G, Lodder P, Smeets T, Duijndam S. Fear of COVID-19 predicts
vaccination willingness 14 months later. J Anxiety Disord. (2022) 88:102574.
doi: 10.1016/j.janxdis.2022.102574

23. Giordani RCF, Zanoni da Silva M, Muhl C, Giolo SR. Fear of COVID-19 scale:
Assessing fear of the coronavirus pandemic in Brazil. J Health Psychol. (2022) 27:901—
12. doi: 10.1177/1359105320982035

24. Borsboom D. A network theory of mental disorders. World Psychiatry. (2017)
16:5-13. doi: 10.1002/wps.20375

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1716267
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1631050/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1631050/full#supplementary-material
https://doi.org/10.46234/ccdcw2023.027
https://doi.org/10.36131/CN20200202
https://doi.org/10.7554/eLife.86015
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1186/s12888-023-04969-5
https://doi.org/10.1371/journal.pone.0296798
https://doi.org/10.1371/journal.pone.0300329
https://doi.org/10.3389/fpubh.2023.1221427
https://doi.org/10.1016/j.lanwpc.2023.100992
https://doi.org/10.3389/fpsyt.2021.573333
https://doi.org/10.5812/ircmj.22615
https://doi.org/10.1017/S0033291720001336
https://doi.org/10.1111/ejop.12325
https://doi.org/10.1177/0963721420964039
https://doi.org/10.1177/0963721420964039
https://doi.org/10.1016/j.biopsycho.2021.108212
https://doi.org/10.1016/j.biopsycho.2021.108212
https://doi.org/10.1016/j.cmi.2021.11.002
https://doi.org/10.3389/fpubh.2023.1257943
https://doi.org/10.1007/s11469-020-00343-8
https://doi.org/10.1002/da.23080
https://doi.org/10.5812/pedinfect.114746
https://doi.org/10.1002/lio2.556
https://doi.org/10.1016/j.janxdis.2022.102574
https://doi.org/10.1177/1359105320982035
https://doi.org/10.1002/wps.20375
https://doi.org/10.3389/fpsyt.2025.1631050
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Rao et al.

25. Piazza GG, Allegrini AG, Eley TC, Epskamp S, Fried E, Isvoranu A-M, et al.
Polygenic scores and networks of psychopathology symptoms. JAMA Psychiatry.
(2024) 81(9):948. doi: 10.1001/jamapsychiatry

26. Hevey D. Network analysis: a brief overview and tutorial. Health Psychol Behav
Med. (2018) 6:301-28. doi: 10.1080/21642850.2018.1521283

27. Robinaugh DJ, Millner AJ, McNally RJ. Identifying highly influential nodes in
the complicated grief network. ] Abnormal Psychol. (2016) 125:747. doi: 10.1037/
abn0000181

28. Caycho-Rodriguez T, Ventura-Leon ], Valencia PD, Vilca LW, Carbajal-Leon C,
Reyes-Bossio M, et al. Network analysis of the relationships between conspiracy beliefs
towards COVID-19 vaccine and symptoms of fear of COVID-19 in a sample of latin
american countries. Curr Psychol. (2024) 43:14037-52. doi: 10.1007/s12144-022-03622-w

29. Chen Y, Fang N, Zhu Y, Li Z, Zhu Q. Does exercise adherence during the
COVID-19 pandemic contribute to improved subjective well-being? A cross-sectional
study. Front Psychol. (2024) 15:1448827. doi: 10.3389/fpsyg.2024.1448827

30. Yongxi W, Zexin L, Yigi L, Qianwen L, Xiaoliang X, Shichao W. Research on
sleep disorders and related risk factors among healthcare workers from Fujian province
supporting Hubei province during the COVID-19 pandemic. Front Psychol. (2024)
15:1390410. doi: 10.3389/fpsyg.2024.1390410

31. Xian X, Zhang Y, Bai A, Zhai X, Hu H, Zhang J, et al. Association between family
support, stress, and sleep quality among college students during the COVID-19 online
learning period. Int ] Environ Res Public Health. (2022) 20:248. doi: 10.3390/
ijerph20010248

32. Yan Q, Hou X, Zhang T, Yin H, Han B, Ma C, et al. Prevalence and correlates of
mental health problems among different occupations of medical workers during
COVID-19 outbreak in China. Front Public Health. (2024) 12:1353608. doi: 10.3389/
fpubh.2024.1353608

33. Zhang M, Qin L, Zhang D, Tao M, Han K, Chi C, et al. Prevalence and factors
associated with insomnia among medical students in China during the COVID-19
pandemic: characterization and associated factors. BMC Psychiatry. (2023) 23:140.
doi: 10.1186/512888-023-04556-8

34. Chen M-Y, Chen P, An F-R, Sha S, Feng Y, Su Z, et al. Depression, anxiety and
suicidality among Chinese mental health professionals immediately after China’s
dynamic zero-COVID policy: A network perspective. J Affect Disord. (2024)
352:153-62. doi: 10.1016/j.jad.2024.01.270

35. Ahorsu DK, Lin C-Y, Imani V, Saffari M, Griffiths MD, Pakpour AH. The fear of
COVID-19 scale: development and initial validation. Int ] Ment Health Addict. (2020)
20(3):1537-45. doi: 10.1007/s11469-020-00270-8

36. ChiX, Chen S, Chen Y, Chen D, Yu Q, Guo T, et al. Psychometric evaluation of
the fear of COVID-19 scale among Chinese population. Int | Ment Health Addict.
(2021) 20(2):1273-88. doi: 10.1007/s11469-020-00441-7

37. LiuJ, Si TL, Chen P, Wang Y-Y, Su Z, Cheung T, et al. Prevalence of COVID-19
fear and its association with quality of life among fire service recruits after ceasing the
dynamic zero-COVID policy in China. Front Public Health. (2023) 11:1257943.
doi: 10.3389/fpubh.2023.1257943

38. Feng Q, Huang C, Jia Y, Liu T, Jia H, Wang K, et al. Reliability and validity of the
Chinese version of fear of coronavirus disease 2019 scale. Acad J Second Mil Med Univ.
(2021) 42:778-82. doi: 10.16781/j.0258-879x.2021.07.0778

39. Zhang H, Xu Y, Xu Y. The value of the platelet/high-density lipoprotein
cholesterol ratio in predicting depression and its cardiovascular disease mortality: a
population-based observational study. Front Endocrinology. (2024) 15:1402336.
doi: 10.3389/fendo.2024.1402336

40. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. ] Gen Internal Med. (2001) 16:606-13. doi: 10.1046/j.1525-1497

41. Sun H-L, Chen P, Zhang Q, Si TL, Li Y-Z, Zhu H-Y, et al. Prevalence and
network analysis of internet addiction, depression and their associations with sleep
quality among commercial airline pilots: A national survey in China. J Affect Disord.
(2024) 356:597-603. doi: 10.1016/j.jad

42. Tong X, An D, McGonigal A, Park S-P, Zhou D. Validation of the Generalized
Anxiety Disorder-7 (GAD-7) among Chinese people with epilepsy. Epilepsy Res. (2016)
120:31-6. doi: 10.1016/j.eplepsyres.2015.11.019

43. Lowe B, Decker O, Miiller S, Brihler E, Schellberg D, Herzog W, et al. Validation
and standardization of the Generalized Anxiety Disorder Screener (GAD-7) in the
general population. Med Care. (2008) 46:266-74. doi: 10.1097/
MLR.0b013e318160d093

44. Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index
as an outcome measure for insomnia research. Sleep Med. (2001) 2:297-307.
doi: 10.1016/51389-9457(00)00065-4

45. Yu DS. Insomnia Severity Index: psychometric properties with Chinese
community-dwelling older people. J advanced nursing. (2010) 66:2350-9.
doi: 10.1111/j.1365-2648.2010.05394.x

46. RCoreTeam. The R project for statistical computing (2024). Available online at:
https://www.r-project.org. (Accessed August 7, 2025).

47. Bian ], Xiong W, Yang Z, Li M, Song D, Zhang Y, et al. Identification and

prognostic biomarkers among ZDHHC4/12/18/24, and APT2 in lung adenocarcinoma.
Sci Rep. (2024) 14:522. doi: 10.1038/541598-024-51182-9

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1631050

48. Epskamp S, Cramer AO, Waldorp LJ, Schmittmann VD, Borsboom D. qgraph:
Network visualizations of relationships in psychometric data. J Stat Software. (2012)
48:1-18. doi: 10.18637/jss.v048.104

49. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their
accuracy: A tutorial paper. Behav Res Methods. (2018) 50:195-212. doi: 10.3758/
$13428-017-0862-1

50. Friedman J, Hastie T, Tibshirani R. Sparse inverse covariance estimation with the
graphical lasso. Biostatistics. (2008) 9:432-41. doi: 10.1093/biostatistics/kxm045

51. Van Borkulo CD, Borsboom D, Epskamp S, Blanken TF, Boschloo L, Schoevers
RA, et al. A new method for constructing networks from binary data. Sci Rep. (2014)
4:5918. doi: 10.1038/srep05918

52. Gustavsson EK, Zhang D, Reynolds RH, Garcia-Ruiz S, Ryten M. ggtranscript:
an R package for the visualization and interpretation of transcript isoforms using
ggplot2. Bioinformatics. (2022) 38:3844-6. doi: 10.1038/srep05918

53. Haslbeck J, Waldorp LJ. mgm: Estimating time-varying mixed graphical models
in high-dimensional data. Journal of Statistical Software. 94:1-46. doi: 10.18637/
j58.v093.i08

54. Chernick MR. Bootstrap methods: A guide for practitioners and researchers.
Hoboken: John Wiley & Sons (2011), ISBN: .

55. Epskamp S, Fried E. Bootstrap methods for various network estimation routines.
Amsterdam: Compr R Arch Netw (2020).

56. van Borkulo C, Boschloo L, Borsboom D, Penninx B, Waldorp L, Schoevers R.
Package ‘NetworkComparisonTest’. JAMA Psychiatry. (2015) 72:1219-26.
doi: 10.1037/met0000476

57. 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. psychol
Methods. (2022) 28(6):1273-85. doi: 10.1037/met0000476

58. Stefanatou P, Xenaki L-A, Karagiorgas I, Ntigrintaki A-A, Giannouli E,
Malogiannis IA, et al. Fear of COVID-19 impact on professional quality of life
among mental health workers. Int J Environ Res Public Health. (2022) 19:9949.
doi: 10.3390/ijerph19169949

59. Mohsin SF, Agwan MA, Shaikh S, Alsuwaydani ZA, AlSuwaydani SA. COVID-
19: Fear and anxiety among healthcare workers in Saudi Arabia. A cross-sectional
study. INQUIRY: ] Health Care Organization Provision Financing. (2021)
58:469580211025225. doi: 10.1177/00469580211025225

60. Moretti M, De Geyter D, Van Cutsem E, Van Laere S, Pierard D, Allard SD. Fear
for CoViD-19 and reluctance to work among health care workers during the epidemic,
a prospective monocentric cohort study. Am ] Infection Control. (2021) 50:312.
doi: 10.1016/j.ajic.2021.10.042

61. Nino M, Harris C, Drawve G, Fitzpatrick KM. Race and ethnicity, gender, and
age on perceived threats and fear of COVID-19: Evidence from two national data
sources. SSM-population Health. (2021) 13:100717. doi: 10.1016/j.ssmph

62. McLean CP, Anderson ER. Brave men and timid women? A review of the gender
differences in fear and anxiety. Clin Psychol review. (2009) 29:496-505. doi: 10.1016/
j.cpr.2009.05.003

63. Modena CF, Kogien M, Marcon SR, Demenech LM, Nascimento F, Carrijo MVN.
Factors associated with the perception of fear of COVID-19 in university students. Rev
Bras Enfermagem. (2021) 75:€20210448. doi: 10.1590/0034-7167-2021-0448

64. Sugawara D, Masuyama A, Kubo T. Socioeconomic impacts of the COVID-19
lockdown on the mental health and life satisfaction of the Japanese population. Int J
Ment Health Addiction. (2022) 20:1560-74. doi: 10.1007/s11469-020-00461-3

65. d’Ettorre G, Ceccarelli G, Santinelli L, Vassalini P, Innocenti GP, Alessandri F,
et al. Post-traumatic stress symptoms in healthcare workers dealing with the COVID-
19 pandemic: a systematic review. Int J Environ Res Public Health. (2021) 18:601.
doi: 10.3390/ijerph18020601

66. Kar SK, Shankar A, Singh A. Mental health problems among mental health
professionals: A neglected issue. Int ] Advanced Med Health Res. (2022) 9:13-7.
doi: 10.4103/ijamr.ijamr_67_22

67. Marelli S, Castelnuovo A, Somma A, Castronovo V, Mombelli S, Bottoni D, et al.
Impact of COVID-19 lockdown on sleep quality in university students and
administration staff. ] neurology. (2021) 268:8-15. doi: 10.1007/s00415-020-10056-6

68. Sarfraz M, Ji X, Asghar M, Ivascu L, Ozturk I. Signifying the relationship between
fear of COVID-19, psychological concerns, financial concerns and healthcare
employees job performance: a mediated model. Int | Environ Res Public Health.
(2022) 19:2657. doi: 10.3390/ijerph19052657

69. Ahmed MA, Jouhar R, Ahmed N, Adnan S, Aftab M, Zafar MS, et al. Fear and
practice modifications among dentists to combat novel coronavirus disease (COVID-19)
outbreak. Int ] Environ Res Public Health. (2020) 17:2821. doi: 10.3390/ijerph17082821

70. Meléndez JC, Mayordomo T, Sancho P, Tomas JM. Coping strategies: Gender
differences and development throughout life span. Spanish J Psychol. (2012) 15:1089—
98. doi: 10.5209/rev_sjop.2012.v15.n3.39399

71. Czepiel D, McCormack C, Da Silva AT, Seblova D, Moro MF, Restrepo-Henao
A, et al. Inequality on the frontline: A multi-country study on gender differences in
mental health among healthcare workers during the COVID-19 pandemic. Cambridge
Prisms: Global Ment Health. (2024) 11:e34. doi: 10.1017/gmh.2024.18

frontiersin.org


https://doi.org/10.1001/jamapsychiatry
https://doi.org/10.1080/21642850.2018.1521283
https://doi.org/10.1037/abn0000181
https://doi.org/10.1037/abn0000181
https://doi.org/10.1007/s12144-022-03622-w
https://doi.org/10.3389/fpsyg.2024.1448827
https://doi.org/10.3389/fpsyg.2024.1390410
https://doi.org/10.3390/ijerph20010248
https://doi.org/10.3390/ijerph20010248
https://doi.org/10.3389/fpubh.2024.1353608
https://doi.org/10.3389/fpubh.2024.1353608
https://doi.org/10.1186/s12888-023-04556-8
https://doi.org/10.1016/j.jad.2024.01.270
https://doi.org/10.1007/s11469-020-00270-8
https://doi.org/10.1007/s11469-020-00441-7
https://doi.org/10.3389/fpubh.2023.1257943
https://doi.org/10.16781/j.0258-879x.2021.07.0778
https://doi.org/10.3389/fendo.2024.1402336
https://doi.org/10.1046/j.1525-1497
https://doi.org/10.1016/j.jad
https://doi.org/10.1016/j.eplepsyres.2015.11.019
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1016/s1389-9457(00)00065-4
https://doi.org/10.1111/j.1365-2648.2010.05394.x
https://www.r-project.org
https://doi.org/10.1038/s41598-024-51182-9
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.1038/srep05918
https://doi.org/10.1038/srep05918
https://doi.org/10.18637/jss.v093.i08
https://doi.org/10.18637/jss.v093.i08
https://doi.org/10.1037/met0000476
https://doi.org/10.1037/met0000476
https://doi.org/10.3390/ijerph19169949
https://doi.org/10.1177/00469580211025225
https://doi.org/10.1016/j.ajic.2021.10.042
https://doi.org/10.1016/j.ssmph
https://doi.org/10.1016/j.cpr.2009.05.003
https://doi.org/10.1016/j.cpr.2009.05.003
https://doi.org/10.1590/0034-7167-2021-0448
https://doi.org/10.1007/s11469-020-00461-3
https://doi.org/10.3390/ijerph18020601
https://doi.org/10.4103/ijamr.ijamr_67_22
https://doi.org/10.1007/s00415-020-10056-6
https://doi.org/10.3390/ijerph19052657
https://doi.org/10.3390/ijerph17082821
https://doi.org/10.5209/rev_sjop.2012.v15.n3.39399
https://doi.org/10.1017/gmh.2024.18
https://doi.org/10.3389/fpsyt.2025.1631050
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Rao et al.

72. Chen C, Hu H, Shi R. Regional differences in Chinese female demand for
childcare services of 0-3 years: the moderating and mediating effects of family childcare
context. Children. (2023) 10:151. doi: 10.3390/children10010151

73. Codagnone C, Bogliacino F, Gomez C, Charris R, Montealegre F, Liva G, et al.
Assessing concerns for the economic consequence of the COVID-19 response and mental
health problems associated with economic vulnerability and negative economic shock in
Italy, Spain, and the United Kingdom. PloS One. (2020) 15:¢0240876. doi: 10.1371/
journal.pone.0240876

74. Nolen-Hoeksema S. Emotion regulation and psychopathology: The role of gender.
Annu Rev Clin Psychol. (2012) 8:161-87. doi: 10.1146/annurev-clinpsy-032511-143109

75. Ella Cohn-Schwartz AS. From attitudes to social networks: National gender-role
attitudes and gender differences in late-life social relationships. Soc Networks. (2024)
76:79-87. doi: 10.1016/j.socnet.2023.08.001

76. Zhang X, Dong S. The relationships between social support and loneliness: a
meta-analysis and review. Acta Psychologica. (2022) 227:103616. doi: 10.1016/j.actpsy

77. Scott AJ, Webb TL, Martyn-St James M, Rowse G, Weich S. Improving sleep
quality leads to better mental health: A meta-analysis of randomised controlled trials.
Sleep Med Rev. (2021) 60:101556. doi: 10.1016/j.smrv.2021.101556

78. Li Y, Li J, Zhou C, Huang C, Luo B, Hu Y, et al. Unraveling the relationships
among pandemic fear, cyberchondria, and alexithymia after China’s exit from the zero-
COVID policy: insights from a multi-center network analysis. Front Psychiatry. (2024)
15:1489961. doi: 10.3389/fpsyt.2024.1489961

79. Sun H-L, Chen P, Bai W, Zhang L, Feng Y, Su Z, et al. Prevalence and network
structure of depression, insomnia and suicidality among mental health professionals
who recovered from COVID-19: a national survey in China. Trans Psychiatry. (2024)
14:227. doi: 10.1038/541398-024-02918-8

80. Mele BS, Holroyd-Leduc JM, Harasym P, Dumanski SM, Fiest K, Graham ID, et al.
Healthcare workers’ perception of gender and work roles during the COVID-19 pandemic: A
mixed-methods study. BMJ Open. (2021) 11:¢056434. doi: 10.1136/bmjopen-2021-056434

81. Taiwo M, Oyekenu O, Ekeh F, Dey AK, Raj A. Gender differences in work
attendance among health care workers in Northern Nigeria during the COVID-19
pandemic. EClinicalMedicine. (2022) 52:101605. doi: 10.1016/j.eclinm

82. Oliver MI, Pearson N, Coe N, Gunnell D. Help-seeking behaviour in men and
women with common mental health problems: cross-sectional study. Br J Psychiatry.
(2005) 186:297-301. doi: 10.1192/bjp.186.4.297

83. Faro A, Tejada J, Lisboa W, Seco Ferreira DC. Fear of Covid-19, anxiety, and
depression during the pandemic: A network analysis. Suma Psicologica. (2023) 30:58-
67. doi: 10.14349/sumapsi.2023.v30.n1.7

Frontiers in Psychiatry

12

10.3389/fpsyt.2025.1631050

84. Tayal U, Dancy M. Palpitations. Medicine. (2013) 41:118-24. doi: 10.1016/
j.mpmed.2012.11.004

85. Alijaniha F, Noorbala A, Afsharypuor S, Naseri M, Fallahi F, Mosaddegh M,
et al. Relationship between palpitation and mental health. Iranian Red Crescent Med J.
(2016) 81(9):948. doi: 10.5812/ircmj.22615

86. Comtesse H, Stemmler G. Fear and disgust in women: Differentiation of
cardiovascular regulation patterns. Biol Psychol. (2017) 123:166-76. doi: 10.1016/
j.biopsycho.2016.12.002

87. Qin W, Chen S, Zhang Y, Dong F, Zhang Z, Hu B, et al. Diffusion capacity
abnormalities for carbon monoxide in patients with COVID-19 at 3-month follow-up.
Eur Respir J. (2021) 58(1):2003677. doi: 10.1183/13993003

88. Wang R, Liu P, Fan C, Liu J, Jiang H, Ren J, et al. The impact of the COVID-19
surge after the end of China’s Zero-COVID policy on the health-related quality of
life of IBD patients. BMC gastroenterology. (2024) 24:312. doi: 10.1186/s12876-024-
03418-1

89. Chen C-C, Ping L-Y, Lan Y-L, Huang C-Y. The impact of night shifts on the
physical and mental health of psychiatric medical staff: the influence of occupational
burnout. BMC Psychiatry. (2025) 25:256. doi: 10.1186/s12888-025-06701-x

90. Suksasilp C, Garfinkel SN. Towards a comprehensive assessment of
interoception in a multi-dimensional framework. Biol Psychol. (2022) 168:108262.
doi: 10.1016/j.biopsycho

91. Meshkat M, Nejati R. Does emotional intelligence depend on gender? A study on
undergraduate English majors of three Iranian universities. SAGE Open. (2017)
7:2158244017725796. doi: 10.1177/2158244017725796

92. Critchley HD, Garfinkel SN. Interoception and emotion. Curr Opin Psychol.
(2017) 17:7-14. doi: 10.1016/j.biopsycho.2016.12.002

93. Grabauskaité A, Baranauskas M, Griskova-Bulanova I. Interoception and
gender: What aspects should we pay attention to? Consciousness Cogn. (2017)
48:129-37. doi: 10.1016/j.concog

94. Barzilay R, Moore TM, Greenberg DM, DiDomenico GE, Brown LA, White LK,
et al. Resilience, COVID-19-related stress, anxiety and depression during the pandemic
in a large population enriched for healthcare providers. Trans Psychiatry. (2020)
10:291. doi: 10.1038/s41398-020-00982-4

95. Liu Y, Wang X, Sun P, Zhang Q, Zhang C, Shen Y, et al. Sleep disturbance and
anxiety symptom among public during the second wave of COVID-19 in Beijing: A
web-based cross-sectional survey. J Affect Disord. (2022) 298:80-5. doi: 10.1016/
jjad.2021.10.068

frontiersin.org


https://doi.org/10.3390/children10010151
https://doi.org/10.1371/journal.pone.0240876
https://doi.org/10.1371/journal.pone.0240876
https://doi.org/10.1146/annurev-clinpsy-032511-143109
https://doi.org/10.1016/j.socnet.2023.08.001
https://doi.org/10.1016/j.actpsy
https://doi.org/10.1016/j.smrv.2021.101556
https://doi.org/10.3389/fpsyt.2024.1489961
https://doi.org/10.1038/s41398-024-02918-8
https://doi.org/10.1136/bmjopen-2021-056434
https://doi.org/10.1016/j.eclinm
https://doi.org/10.1192/bjp.186.4.297
https://doi.org/10.14349/sumapsi.2023.v30.n1.7
https://doi.org/10.1016/j.mpmed.2012.11.004
https://doi.org/10.1016/j.mpmed.2012.11.004
https://doi.org/10.5812/ircmj.22615
https://doi.org/10.1016/j.biopsycho.2016.12.002
https://doi.org/10.1016/j.biopsycho.2016.12.002
https://doi.org/10.1183/13993003
https://doi.org/10.1186/s12876-024-03418-1
https://doi.org/10.1186/s12876-024-03418-1
https://doi.org/10.1186/s12888-025-06701-x
https://doi.org/10.1016/j.biopsycho
https://doi.org/10.1177/2158244017725796
https://doi.org/10.1016/j.biopsycho.2016.12.002
https://doi.org/10.1016/j.concog
https://doi.org/10.1038/s41398-020-00982-4
https://doi.org/10.1016/j.jad.2021.10.068
https://doi.org/10.1016/j.jad.2021.10.068
https://doi.org/10.3389/fpsyt.2025.1631050
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Gender differences in the prevalence and correlates of COVID-19 fear among mental health professionals: a network perspective based on a national survey in China
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Measures and assessments
	2.3 Statistical analysis

	3 Results
	3.1 Participant characteristics
	3.2 Gender differences in the prevalence of COVID-19 fear in mental health professionals
	3.3 Independent correlates of COVID-19 fear among male and female MHPs
	3.4 Network structure of COVID-19 fear
	3.5 Network comparison tests by gender
	3.6 Network stability and accuracy

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Correction note
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


