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Abstract: Introduction: Psychological, socio-demographics, and clinical factors play an important
role in patients with COVID-19, but their relationship is complex. The network approach
might be used to disentangle complex interactions in different systems. Using data
from a multicentre, cross-sectional, survey among patients with COVID-19 in Spain
(July-November 2020), we investigated the network structure of mental disorders
symptoms, social support, and psychological resilience, and changes in network
structures according to the presence of a pre-existing mental disorder or hospitalization
for COVID-19.
Methods: Subjects completed a survey to evaluate sociodemographic characteristics,
COVID-19 infection status, resilience, social support, and symptoms of depression,
anxiety disorders, post-traumatic stress disorder, panic attacks, and substance use
disorder. 2084 patients with COVID-19 were included in the analysis. Network analysis
was conducted to evaluate network and bridge centrality, and the network properties
were compared between COVID-19 patients with and without a history of lifetime
mental disorder, and between hospitalized and non-hospitalized patients.
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Limitations: Generalization of our findings may be difficult since differences in network
connectivity may exist in different populations or samples.
Results: Anxiety and depression showed high centrality in patients with COVID-19 and
anxiety showed the highest bridge influence in the network. Resilience and social
support showed a low influence on mental disorder symptoms. Global network
estimations show no statistically significant changes between patients with and without
pre-existing mental disorders or between hospitalized and non-hospitalized patients.
Conclusions: Anxiety might be a key treatment target in patients with COVID-19 since
its treatment might prevent other mental health adverse outcomes.
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Dear Prof. Brambilla and Prof. Soares,
Thank you for evaluating our manuscript submitted to Journal of Affective Disorder. We
are grateful for your interest and time. Following, we will answer in detail each
observation and/or commentary made by Reviewer 3.

Reviewer 3:
Using data from a multicentre, cross-sectional, survey among patients with COVID-19
in Spain, The authors investigated the network structure of mental disorders
symptoms, social support, and psychological resilience, and changes in network
structures according to the presence of a pre-existing mental disorder or hospitalization
for COVID-19. I found the paper to be overall well written and much of it to be well
described. However, in the final paragraph, the conclusions are somewhat overstated.
Network estimation shows that there is no statistically significant change between
patients with existing mental disorders and those without, therefore it cannot be
inferred that highly vulnerable populations, such as those with previous mental
disorders, should be the target of personalized mental health interventions to prevent
serious consequences.

We appreciate Reviewer 3's insightful comments and concerns.
Our aim was to provide a comprehensive analysis of the network structure of mental
disorder symptoms, social support, and psychological resilience among patients with
COVID-19 in Spain. While we did not find statistically significant differences between
patients with pre-existing mental disorders and those without, we acknowledge the
potential for long-term effects on psychological outcomes in this population. We agree
with Reviewer 3 that further studies are warranted to explore the association between
COVID-19 and mental health outcomes over an extended period of time. Longitudinal
investigations would allow us to assess the potential consequences of the pandemic
on individuals with previous psychiatric illness and observe any latent effects that may
emerge in the future. Thus, we revised the conclusion accordingly. Thank you for
bringing this point to our attention.
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Introduction: Psychological, socio-demographics, and clinical factors play an 

important role in patients with COVID-19, but their relationship is complex. The 

network approach might be used to disentangle complex interactions in different 

systems. Using data from a multicentre, cross-sectional, survey among patients with 

COVID-19 in Spain (July-November 2020), we investigated the network structure of 

mental disorders symptoms, social support, and psychological resilience, and changes in 

network structures according to the presence of a pre-existing mental disorder or 
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Methods: Subjects completed a survey to evaluate sociodemographic characteristics, 

COVID-19 infection status, resilience, social support, and symptoms of depression, 

anxiety disorders, post-traumatic stress disorder, panic attacks, and substance use 

disorder. 2084 patients with COVID-19 were included in the analysis. Network analysis 

was conducted to evaluate network and bridge centrality, and the network properties 

were compared between COVID-19 patients with and without a history of lifetime 

mental disorder, and between hospitalized and non-hospitalized patients.  

Limitations: Generalization of our findings may be difficult since differences in 

network connectivity may exist in different populations or samples.  

Results: Anxiety and depression showed high centrality in patients with COVID-19 and 

anxiety showed the highest bridge influence in the network. Resilience and social 

support showed a low influence on mental disorder symptoms. Global network 

estimations show no statistically significant changes between patients with and without 

pre-existing mental disorders or between hospitalized and non-hospitalized patients.  

Conclusions: Anxiety might be a key treatment target in patients with COVID-19 since 

its treatment might prevent other mental health adverse outcomes.  
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1. Introduction 

 

Coronavirus disease 2019 (COVID-19) is a serious viral upper respiratory infection with a broad 

spectrum of clinical manifestations, including neurologic and neuropsychiatric symptoms (Torous 

and Keshavan, 2020). As the number of infections and COVID-19-related deaths increased 

(Pacchiarotti et al., 2020), many patients experienced physical problems and psychological distress. 

Indeed, a high prevalence of anxiety, depression, and stress-related symptoms has been widely 

reported among patients with COVID-19, ranging from 30% to 50% (Taquet et al., 2021), and 

hospital workers (Gómez-Ramiro et al., 2021; Mortier et al., 2021), calculated to be up to 50% in 

the most affected countries (Lai et al., 2020).  

The impact of the pandemic on mental health quickly became evident worldwide in the first wave, 

due also to the imposition of social restrictions to avoid COVID-19 spread. Long-term negative 

mental health consequences, however, were also reported as a result of the pandemic, with a global 

increase in depression and anxiety prevalence (Santomauro et al., 2021), increase of substance 

abuse (Pirkis et al., 2021), suicidal behaviour among adults and adolescents (Charpignon et al., 

2022), and clinical worsening of patients with pre-existing mental disorders, imposing new 

challenges on mental health professionals (Solé et al., 2021; Taquet et al., 2021). Potential 

protective factors against mental health distress, such as social support or resilience, have been 

proposed as potential targets of intervention in special populations at risk of severe psychological 

outcomes (Li et al., 2021; Verdolini et al., 2021).  

Patients with pre-existing psychiatric disorders are considered a fragile population, with a higher 

risk of COVID-19 infection and mortality (de Hert et al., 2022; Nemani et al., 2021). In addition, 

they may have an impaired ability to access medical care due to stigma, cognitive deficits, or poor 

insight, thus resulting in worse global outcomes after COVID-19 infection (Vai et al., 2021; Vieta et 

al., 2020a).  

However, patients hospitalized for COVID-19 may also be subject to worse mental health (Epstein 

et al., 2020) or cognitive outcomes (Llach and Anmella, 2022; Miskowiak et al., 2022), since they 

may have several physical complications after hospital discharge and being exposed to various 

external stressors, such as isolation, economic problems, or lack of social support (Matalon et al., 

2021) or internal, biologically related factors (Fico et al., 2022). Furthermore, hospitalization for 

COVID-19 might worsen previous psychiatric symptoms or conditions, and treatment for COVID-

19 may have adverse effects on mental health and contribute to problems such as anxiety and 
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insomnia (Zhou et al., 2020).  Patients with COVID-19 have been found to be at higher risk of 

experiencing severe mental health problems, such as delirium and psychosis, also compared to their 

close contacts (Rogers et al., 2020). 

The COVID-19 pandemic represents an unprecedented example of how psychiatric symptoms and 

more direct infection-related symptoms may generate complex interactions, being influenced by the 

course of infection, personal physical and psychological aspects, and external factors. The network 

approach, in this perspective, may be particularly useful for analyzing and visualizing complex 

relationships among psychopathology symptoms in specific populations (Borsboom and Cramer, 

2013). By applying network analysis to psychiatric symptoms, researchers can gain insights into the 

complex interactions between them and identify key symptoms that may play a central role in the 

development and maintenance of a disorder. In network analysis, nodes reflect symptoms, and 

edges between nodes reflect relationships between symptoms. Some common concepts and 

techniques used in network analysis include centrality measures, which identify the most important 

nodes in a network; clustering algorithms, which group nodes based on their structural similarities; 

and community detection algorithms, which identify groups of nodes that are densely connected to 

each other. Also, in network theory, central symptoms are more likely to activate other symptoms 

and may play a major role in mental disorders onset or maintenance thus providing hints for 

clinicians to target specific aspects of a complex phenomenon (Borsboom et al., 2021). By 

understanding these relationships, healthcare providers can develop more effective treatment plans 

for patients with COVID-19. Additionally, network analysis can help researchers identify potential 

new targets for intervention, such as specific symptoms or risk factors that are strongly associated 

with poor mental health outcomes. Overall, network analysis can provide a powerful tool for 

understanding the complex interplay between physical and mental health in patients with COVID-

19 (Borsboom et al., 2021). 

In the current study, we aimed to investigate the network structure of depressive, anxiety, and post-

traumatic symptoms as well as the resilience strategies and social support in a large, multicentric, 

Spanish sample of patients with COVID-19 infection. Specifically, we aimed to examine how 

psychiatric symptoms and coping strategies are related in patients with COVID-19. Secondarily, we 

aimed to analyze possible differences between the network structures of patients with and without a 

history of psychiatric illness, as well as those with and without hospitalization for COVID-19.  

 

 

2. Methods 

2.1. Participants 
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 3 

We analyzed data from a cross-sectional survey conducted in a representative sample of COVID-19 

patients as part of the MIND/COVID project. The target population consisted of COVID-19 

patients and close contacts aged 18 years or older from 10 different health institutions from 5 

autonomous communities in Spain (Basque Country, Castilla y León, Catalonia, Madrid, and 

Valencia). The institutions were selected to reflect the geographic and sociodemographic variability 

in Spain; most of the participating centers came from regions with a high number of COVID-19 

cases. A baseline evaluation and two follow-up evaluations have been carried out through the 

institutional email of the participants, using the Qualtrics(R) platform, and through telephone 

interviews, using the GESOP platform. Each of the participating centers carried out its own 

recruitment of cases and/or close contacts of COVID-19. The sample frame was obtained from 

information from the different local and regional epidemiological services, and from the different 

health services (hospitals and primary care centers) in charge of identifying and managing COVID-

19 patients and their close contacts. Recruitment was carried out both in person and by telephone: 

for those people recruited in person, a visit to the health center or discharge was used to inform 

them about the study and invite them to participate, while for those who were invited by telephone, 

this was done retrospectively, using the available contact information. The baseline assessment 

consisted of anonymous self-reported surveys via the web (qualtrics.com) or by computer-assisted 

telephone interviews (CATI), conducted by a specialized company or by people hired at the centers. 

The centers invited 6604 people to participate 

5194 people accepted to participate in the study, and 2619 people finally participated. Filtering by 

response quality criteria, we were left with 2504 patients/cases. Of those, 2084 were COVID cases 

(Flowchart - Supplementary Material). Ethical approval was provided by the Parc de Salut Mar 

Clinical Research Ethics Committee (protocol 2020/9203/I). Participants were fully informed about 

the objectives and procedures of the study prior to providing consent. 

 

2.2 Variables assessment 

 

2.2.1. Sociodemographic and Clinical Measures 

Sociodemographic variables included age, gender, marital status, income, financial \problems, 

educational level, and living situation. Medical comorbidities were recollected using (Sangha et al., 

2003) a checklist of conditions considered as vulnerable to COVID-19. Clinical data on COVID-19 

infection included: infection (Y/N), and hospitalization in a COVID-19 facility or intensive care 

unit (ICU).  

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 4 

2.2.2. Mental Health Measures 

Pre-pandemic lifetime mental disorders were assessed using a checklist based on the Composite 

International Diagnostic Interview (CIDI) (Kessler and Üstün, 2004), that screen the presence of 

depressive disorder, bipolar disorder, generalized anxiety disorder (GAD), panic disorder (PD), 

alcohol and drug use disorders, and "other" mental disorders. A dichotomous variable (Y/N) was 

created (participants with ≥ 1 pre-pandemic mental disorder, vs. none).  

Depressive symptoms of the previous two weeks were measured with the eight-item Patient Health 

Questionnaire depression scale (PHQ-8) (Kroenke et al., 2009), which reflects eight of the nine 

criteria on which DSM-5 diagnosis of major depressive disorder is based and which scores range 

from 0 to 24 (Wu et al., 2020). The PHQ-8 omits the item of the PHQ-9 regarding suicidal ideation 

and self-harm and performs similarly to the PHQ-9 in terms of diagnostic accuracy (Wu et al., 

2020). Therefore, also in our study, the cut-off point of 10 was used to indicate a positive screen for 

current major depressive disorder (Wu et al., 2020). Generalized anxiety symptoms during the 

previous two weeks were measured with the Generalized Anxiety Disorder Scale (GAD-7) (Spitzer 

et al., 2006), which scores range from 0 to 21 and is a validated and reliable instrument used in 

different populations, including the general population during COVID-19 pandemic (Shevlin et al., 

2022). PTSD symptoms during the previous 30 days were measured by means of four items of the 

PTSD Checklist for the DSM-5 (PCL-5) (Bovin et al., 2016), which scores range from 0 to 16 

(Zuromski et al., 2019). The presence of substance use disorder was assessed with the CAGE-AID 

(Leonardson et al., 2005; Moore et al., 2002) questionnaire, which has high reported validity in 

different samples (Mdege and Lang, 2011) with a score of two points set as a cut-off to indicate 

current SUD. All higher scores from previously mentioned scales indicate more severe 

symptomatology. Having had any suicidal ideation or behaviour in the previous 30 days was 

assessed by a modified version of selected items from the Columbia Suicide Severity Rating Scale 

(C-SSRS) (Posner et al., 2011). All responses to the five dichotomous questions of the scale were 

combined, and a general dichotomous variable (suicidal thoughts and behaviours [STB]) was 

created to measure if any of the questions were answered with a “yes”. 

 

2.2.3. Resilience and Social Support Measures 

Resilience was assessed with the 10-item version Connor-Davidson Resilience Scale (CD-RISC) 

(Campbell-Sills and Stein, 2007). Its items are rated on a five-point scale (0 = not at all true to 4 

= true nearly all the time), and total score range from 0 to 10040, with higher scores corresponding 

to higher levels of resilience. The Oslo Social Support Scale (OSSS-3) (Kocalevent et al., 2018) 
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was used to assess social support, and it is composed of 3 items, with a total score ranging from 3 to 

14, where higher values represent higher levels of social support. 

 

2.3 Statistical Analyses 

All analyses were conducted with RStudio, R version 4.1.2 (R Core Team, 2020).  

 

2.3.1 Missing data 

We inspected missing data using the "skimr" R package (Michael Quinn, 2019), and included only 

those variables with at least 90% of observed data in the model. Missing data were imputed by 

using the R package "missRanger" (Wright, 2016),  which is based on the algorithm of "missForest" 

(Daniel J. Stekhoven, 2022)  and uses a random forest approach. The parameter "num.trees" was set 

at 5,000, and the out-of-bag errors were calculated for each variable to measure accuracy (meaning 

how many labels the model got right out of the total number of predictions) ranging from 0 (better 

performance) to 1 (worse performance). 

 

2.3.2. Descriptive statistics of the sample and univariate analyses 

Socio-demographic and clinical characteristics of the sample were provided. Two-sample t-test and 

chi-squares tests were used to study the differences in these variables between individuals with and 

without pre-pandemic lifetime mental disorders, and between those individuals that required 

hospitalization due to COVID-19 versus those who did not. Significance was set at p<0.05 after 

adjusting p-values for multiple comparisons using Bonferroni correction. 

 

2.3.3 Network Analysis 

Network analysis was performed to explore the relationships between mental disorders symptoms 

(i.e., depression, anxiety, STB, and traumatic stress), resilience, and social support in persons 

diagnosed with COVID-19 during the first wave of the pandemic. In addition, network results for 

patients reporting pre-pandemic lifetime mental disorders (i.e., depression, anxiety disorder, 

substance use disorder, bipolar disorder, or any other mental disorder) were compared to those 

without a history of mental disorder before the pandemic, and results from hospitalized patients 

were compared to non-hospitalized ones. Given the high heterogeneity of depressive symptoms 

(Goldberg, 2011), broadening from cognitive, to motor or sleep alterations, we choose to introduce 

PHQ-8 individual items independently in the networks. All the other scales' scores were introduced 

as the total score to avoid Berkson's bias (i.e., selecting a clinical population by symptom sum-

scores negatively impacts the recovery performance of networks) (de Ron et al., 2021).  
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Network structures were estimated using Gaussian Markov random field  (Costantini et al., 2015; 

Lauritzen, 1996) with the EBICglasso model. A nonparanormal transformation of the data was 

applied before the network estimation as data did not follow a normal distribution (Epskamp et al., 

2018a). To control for spurious connections in the network estimation, an optimal regularization 

parameter was selected by using graphical LASSO (Tibshirani, 1996) and extended Bayesian 

information criterion (EBIC) (Chen et al., 2008). A threshold was also used to remove edges not 

surviving p-value <0.05.  

In the network, nodes represent the studied variables and edges the bidirectional and undirected 

correlation between each pair of nodes. Thicker and more saturated edges represented stronger 

correlations; blue and red edges indicated positive and negative partial correlations, respectively.  

Network centrality measures (Bringmann et al., 2019) of expected influence, betweenness, and 

closeness of different nodes were explored (Epskamp et al., 2018b). Expected influence is defined 

as the sum of all edges extending from a given node, maintaining the sign of each edge (Robinaugh 

et al., 2016). Betweenness is the number of times the node lies within the shortest path between two 

other nodes (Brandes, 2010). Closeness is the inverse of the average shortest path length between a 

node and other nodes, and measures how close the symptom is linked to other symptoms (Rubinov 

and Sporns, 2010). The connectivity, which provides general information on the dynamics of the 

network and the connections between specific communities in the network, was explored with one- 

and two-steps bridge expected influence, defined as the sum of the value of all edges between a 

node and all nodes that are not in the same community. 

The accuracy of edge weights was measured by the 95% confidence intervals (CIs) computed 

through bootstrapping (Efron, 1979). The centrality indices' stability was quantified using a case-

dropping bootstrap procedure, and the correlation stability coefficient (CS-coefficient) between 

centrality indices for the full sample was calculated. CS-coefficient represents the maximum 

proportion of cases that can be dropped, such that with 95% probability the correlation between the 

original centrality indices and centrality of networks based on subsets is 0.7.  

To examine whether network structure changes among patients with and without a history of mental 

disorders and among hospitalized and not hospitalized patients, we separately assessed differences 

in network structure, global strength, and significant edges in both groups. Statistical significance 

was evaluated by a p-value <0.05. 

Network estimation and accuracy were conducted by the “bootnet” R package (Epskamp et al., 

2018b) and “qgraph” R package (Epskamp et al., 2012). Network comparison was conducted by 

“Network Comparison Test” R package (van Borkulo et al., 2022). 
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3. Results 

3.1 Characteristics of the sample 

A total of 2084 COVID-19 patients were included in the analysis. The socio-demographic and 

clinical characteristics of the whole sample are available in Table 1. 22.9% (n=500) of the sample 

have symptoms compatible with current depression according to the PHQ-8 score in the context of 

COVID-19 infection, and 30% (n=471) with GAD according to the GAD-7 score. According to the 

PCL-5 score, 408 individuals (19.5%) have symptoms compatible with PTSD. A psychiatric 

comorbidity was present in 16% of the individuals (n=347), with the most common comorbidity 

being anxiety and depression (n=76; 22%). 

Subjects with pre-existing mental disorders were significantly younger and were more likely to be 

female. Individuals with pre-existing mental disorders presented significantly higher rates of 

depressive, anxiety, and posttraumatic symptoms, but had less social support and were less resilient. 

There were no differences between groups in terms of hospitalization/ICU rates, or the presence of 

medical comorbidities (See Table 1 for further details). Socio-demographic and clinical differences 

according to hospitalization due to COVID-19 infection in the whole sample are available in Table 

S1 in the Supplement.   

 

3.2 Missing Data  

Among the variables presenting missing data, ten of them presented less than 10% of missing 

values. Of these, eight presented less than 1% of missing values. Errors estimated during the 

imputation of missing data were less than 5%. 

 

3.3 Network structure of the total sample 

The network estimated using all cases (n=2,084) and including 13 variables is presented in Figure 1. 

The edges with the greatest weight in the network were those connecting “social support” and 

“resilience” (0.94), “depression” and “anhedonia” (0.47), and “anxiety” and “trauma” (0.40), as 

displayed in Figure 1 and detailed in the weight matrix (Supplement, Table S2). Information 

relative to the centrality measures is depicted in Figure 2. Specifically, “anxiety” and “depression” 

presented consistently high centrality measures, with “anxiety” reaching the highest values. “Social 

support” and “resilience” showed high expected influence and the lowest closeness in the whole 

network, differing in values of betweenness. “Anhedonia” and “trauma” presented an average 

expected influence, low betweenness, and high closeness. Among the other variables, “guilt” 

displayed the highest value of betweenness, while “suicidality” presented the lowest scores in 

centrality measures. “Anxiety” was the variable that better connected the different communities of 
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the network as denoted by the one- and two-steps bridge expected influence (Supplement, Figure 

S1). Bootstrapping indicated good accuracy and stability with narrow confidence intervals for edge 

weights and stable centrality estimates for expected influence and bridge expected influence (CS 

(cor 

= 

0.7) 

= 

0.7

5) 

(Su

ppl

eme

nt, 

Fig

ure 

S2, 

S3, 

S4). 

Table 1. Socio-demographic and clinical characteristics of the global sample and according 

to previous psychiatric history. 

 

 Global Psychiatric  Non-psychiatric Test, p-value 

 N = 2084 n = 848 n = 1236  

     

 

Sex (N, % females) 

 

1141, 55.5 

 

 

552, 65.6 

 

589, 48.0 

 

χ2 = 63.0; p<.001** 

 

Age (mean, SD) 56.2 (17.9) 53.9 (17.5) 57.7 (18.0) t = 4.8; p<.001** 

     

Hospitalization (N, %) 1107, 56.2 426, 52.9 681, 58.5 χ2 = 6.2; p=.169 

     

ICU (N, %) 118, 6.2 44, 5.6 74, 6.5 χ2 =0.6; p=0.999 

     

Medical Comorbidities (N, %) 924, 44.3 388, 45.8 536, 43.4 χ2 =1.2; p=0.999 

     

Financial problems for 

COVID-19  (N, %) 
598, 29.3 264, 31.8 334, 27.6 χ2 =4.3; p =.494 

     

Active workers (N, %) 991, 47.8 407, 48.3 584, 47.5 χ2 =0.1; p=0.999 

     

OSSS-3 score (mean, SD) 10.39 (2.85) 10.56 (2.76)  10.13 (2.95) t = -3.44; p<.001** 

     

CD-RISC score (mean, SD) 38.5 (8.2) 36.7 (8.2) 39.7 (7.9) t = 8.3; p<.001** 

     

Psychiatric history (N, %) 848, 40.7 848, 100.0 NA NA 
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SD 

= 

stan

dard 

devi

ation

; 

ICU 

= 

inten

sive 

care 

unit; 

NA 

= 

not 

appli

cabl

e; OSSS-3 = Oslo Social Support Scale; CD-RISC= The Connor-Davidson Resilience Scale; AUD = alcohol use 

disorder; PHQ-9 = Patient Health Questionnaire-9 scale; GAD-7 = General Anxiety Disorder-7 scale; PCL-5 = 

Posttraumatic Stress Disorder Checklist for DSM-5. Medical comorbidities included at least one positive answer at the 

Self-Administred Medical Comorbidity Questionnaire (SCQ); Suicidal ideation is considered as a positive result at the 

Columbia-Suicide Severity Rating Scale (C-SSRS) in the last 30 days. ** Significant at p<.001. All p are adjusted for 

multiple comparisons using Bonferroni correction. 

 

 

 

ANH

DEP

SLEEP

ENERGY

APPET

GUILT

COGMOTOR

SUIC

ANX

TRAUMA

RESIL

SOC SUPP

CD−RISC

C−SSRS

GAD−7

OSSS−3

PCL−5

PHQ−8

CD−RISC

C−SSRS

GAD−7

OSSS−3

PCL−5

PHQ−8

     AUD  34, 1.7 34, 4.0 NA NA 

     

     Anxiety  681, 33.1 681, 80.3 NA NA 

     

     Bipolar Disorder  37, 1.8  37, 4.4 NA NA 

     

     Depression  401, 19.5  401, 47.3 NA NA 

 

Suicidal Ideation (N, %) 
55, 2.7 43, 5.1 12, 1.0 χ2 =32.6; p<.001** 

     

PHQ-8 score (mean, SD) 14.0 (5.6) 16.3 (5.9) 12.5 (4.7) t=-15.9; p<.001** 

     

GAD-7 score (mean, SD) 12.2 (5.3) 14.4 (5.7) 10.8 (4.4) t=-15.6; p<.001** 

     

PCL-5 score (mean, SD) 3.1 (3.5) 4.3 (3.9) 2.3 (2.9) t=-12.7; p<.001** 
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Figure 1: Graphical representation of the estimated network model. Pink nodes represent depressive 

symptoms measured with the PHQ-8 scale, the green node represents anxiety symptoms measured with the 

GAD-7 scale, and the blue node represents the trauma symptoms measured with the PCL-5 scale. The yellow 

node represents suicidal behavior measured with the C-SSRS. Orange and light blue nodes represent 

respectively resilience and social support data measured with the CD-RISC and OSSS-3 scales. Blue links 

indicate positive effects and red links negative effects (SOC SUPP - GUILT and RESIL - ANH). The edge 

thickness represents the strength of the association between symptom nodes.  

Abbreviations: GAD-7 total score, ANX: anxiety; PHQ-8 items: DEP: "sad mood"; ANH: "anhedonia"; 

ENERGY: "energy"; COG: "concentration"; GUIL: "guilty"; MOTOR: "motor"; APPET: "appetite"; 

SLEEP: "sleep"; TRAUMA: Trauma; CD-RISC total score, RESIL: "resilience"; OSSS-3 total score, SOC 

SUPP: "Social Support"; C-SSRS score, SUIC: suicidal behavior. 

 

 

ExpectedInfluence Betweenness Closeness

0.50 0.75 1.00 1.25 0 5 10 15 20 0.0030.0040.0050.006

SUIC

SLEEP

APPET

MOTOR

COG

TRAUMA

ENERGY

GUILT

ANH

SOC SUPP

RESIL

DEP

ANX

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 11 

Figure 2. Centrality Plots for EBICglasso network depicting the expected influence, betweenness and 

closeness of each node (variable). Abbreviations: GAD-7 total score, ANX: anxiety; PHQ-8 items, DEP: 

"sad mood"; ANH: "anhedonia"; ENERGY: "energy"; TRAUMA: Trauma; COG: "concentration"; GUIL: 

"guilty"; MOTOR: "motor"; APPET: "appetite"; SLEEP: "sleep"; CD-RISC total score, RESIL: "resilience"; 

OSSS-3 total score, SOC SUPP: "Social Support"; C-SSRS score, SUIC: suicidal behavior.  

 

 

 

 

 

 

 

3.4 Network comparisons 

Networks comparing patients with and without psychiatric diagnoses did not differ in both network 

structure (p=0.63) or global strength (p=0.61) (Supplement, Figure S5). Looking at the individual 

edges, edges connecting “motor” and “anxiety” (p=0.04), and “motor” and “trauma” (p=0.01) were 

greater in people with psychiatric diagnoses, while edge connecting “energy” and “motor” (p=0.04) 

was smaller in people without psychiatric diagnoses. 

Networks comparing patients who were hospitalized or not hospitalized did not differ in both 

network structure (p=0.22) or global strength (p=0.73) (Supplement, Figure S6). Looking at the 

individual edges, the edge connecting “depression” and “energy” (p<0.01) was significantly greater 

in hospitalized people, while edges connecting “depression” and “appetite” (p<0.01), and “anxiety” 

and “trauma” (p=0.04) were smaller. 
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4. Discussion 

 

The present investigation estimated the network structures of symptoms of anxiety, depression, 

traumatic stress, suicidal behavior, resilience, and social support in a large sample of patients with 

COVID-19 during the first wave of the pandemic in Spain, and how these structures vary among 

patients with severe COVID-19 outcomes (i.e., hospitalization) or with a pre-existing psychiatric 

disorder. In general, network structures were stable and showed high accuracy. Our results 

highlighted the central role of anxiety and depression in patients with COVID-19 during the first 

months of the pandemic, consistent with previous findings (Bai et al., 2022; Cai et al., 2022; Liu et 

al., 2022). Indeed, during the first wave of COVID-19, both anxiety and depressive symptoms were 

prevalent both in the general population and in patients with COVID-19 (González-Sanguino et al., 

2020). The pandemic and associated lockdown measures led to feelings of uncertainty, fear, and 

social isolation, which might have contributed to the development of mental health conditions. 

Anxiety also showed to be a bridge symptom between depressive symptoms and post-traumatic 

stress symptoms, meaning that it connects these different clusters of symptoms. The reciprocal 

nature of the relationship between anxiety and PTSD or depression severity is well-known and 

indicates that these psychopathological dimensions are deeply intertwined (Michopoulos et al., 

2017; Norr et al., 2016). Bridge symptoms constitute priority therapeutic targets since the 

deactivation of these symptoms might prevent the development of other comorbid, simultaneous, 

symptoms (Cramer and Borsboom, 2015). Thus, clinicians might want to target anxiety as a bridge 

symptom in order to ameliorate the mental well-being of patients with COVID-19.  

Psychological resilience and social support also show a high expected influence and betweenness in 

our results, but a low closeness, suggesting that although the relationship between the two variables 

is strong, they are less likely to affect changes in anxiety, depression, or post-traumatic symptoms. 

Both resilience and social support are important recognized protective factors against psychological 

distress and help in reducing psychiatric illness burden in the long term (Min et al., 2013; Wang et 

al., 2018). Reports from longitudinal and cross-sectional studies show that patients with COVID-19 

and proper social support or resilience are less likely to manifest anxiety or depression (Li et al., 

2021). Also, resilience strategies adopted were heterogeneous among different populations and 

varied with time, as the global population faced economic losses, fear of unemployment or 

recession, or other societal issues (Manchia et al., 2022). Our data did not show an influence of 

resilience or social support on mental health, possibly because the effect of stressful events on 

psychological outcomes (i.e., anxiety from worrying about economical loss or losing a loved one) 

and relative coping strategies adopted, became more after several months of the pandemic, while 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 13 

our cross-sectional data were collected during the first COVID-19 wave in Spain, and can give us 

insight only on the short-term association between COVID-19 and mental health outcomes.  

Our result also showed that suicidality was not a central psychopathological dimension in patients 

with COVID-19 during the first wave of the pandemic, in line with previous reports on the topic 

(Pérez et al., 2022). Suicidal ideation might be related to several psychopathological dimensions, 

including depression, but might be considered also a clinical entity on its own (Oquendo and Baca-

Garcia, 2014). High-vulnerable groups, such as patients with a pre-existing mental disorder 

(Gómez-Ramiro et al., 2021), adolescents (Fortea et al., 2022 in press), and COVID-19 survivors 

might deserve special attention in the long term to reduce undesirable mental health outcomes, 

including suicide risk. However, given the cross-sectional nature of our data, we can only make 

conjectures about the impact of COVID-19 on mental health outcomes in the short term. To gain 

insight into its long-term effects, further longitudinal studies are necessary. 

Although we found higher levels of anxiety, depressive and post-traumatic symptoms at the 

univariate analysis in patients with a previous psychiatric history compared with those without, we 

were not able to find significant differences in the general network structures between these two 

populations. However, "motor" and "anxiety" and "motor" and trauma" edge weights were greater 

in patients with a previous psychiatric diagnosis, possibly indicating that this subpopulation might 

present motor-related symptoms (i.e., restlessness) related to more severe anxiety. Patients with 

previous psychiatric disorders are a fragile population at higher risk of presenting detrimental long-

term effects on mental health for COVID-19 compared with the general population and should 

require specialized treatment and attention (Belz et al., 2022; Vieta et al., 2020b).  

Patients hospitalized for COVID-19 did not show significant differences in the network structure 

compared to non-hospitalized ones. However, hospitalized patients presented more loss of energy as 

a symptom core of depression compared to non-hospitalized ones. The lack of differences in 

network estimations might be due to the fact that COVID-19 survivors appear to show an increased 

risk of developing PTSD, anxiety, and depression in the long, rather than in the short (Kyzar et al., 

2021). However, recent evidence shows that psychiatric symptoms and poor sleep quality tend to 

slowly recover after COVID-19 infection in previously hospitalized COVID-19 survivors 

(Fernández-De-Las-Peñas et al., 2022). This result could also mean that both subpopulations of 

patients could have similar responses to the same interventions (Fried and Robinaugh, 2020), 

pointing to the need for a precision public health approach to psychopathology in the context of an 

acute pandemic such as COVID-19 during the first wave and beyond (Gonda et al., 2022; Stein and 

Wessely, 2022). 
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Our study comes with several limitations. First, both our study's cross-sectional design and network 

analysis cannot reveal causal dynamics between considered variables. Also, participation was 

voluntary, so we should consider a possible self-selection bias in individuals responding to the 

survey.  Also, although some of the instruments used to evaluate psychopathological symptoms in 

the population are validated and used widely in research (i.e. PHQ-8) might overestimate the 

prevalence of certain disorders (Fischer et al., 2023). Moreover, Berkson's bias could apply to our 

results and could have affected the edges' weights and thus also the centrality measures. The 

presence of pre-existence mental disorders was self-reported, and it might be possible severe 

patients with acute symptoms or poor insight, did not enter the study. Finally, when interpreting the 

data from this cross-sectional study, we should pay attention to the time and the place at which they 

were obtained, since we are aware that restriction measures, and the number of COVID-19 cases or 

deaths, were extremely heterogeneous over time and in different places worldwide, thus preventing 

generalizability of our results. However, our study gives an insight into the psychopathological 

features of patients with COVID-19 in Spain, which suffered several pandemic waves, and being 

one of the most affected European nations (Pacchiarotti et al., 2020). Also, this cross-sectional 

study includes a large number of patients and a prospective-follow up of this cohort is currently 

underway, so longitudinal data would be further analyzed in the near future. A study demonstrating 

that anxiety and depression are central symptoms in patients with COVID-19 using network 

analysis is an innovative approach that can provide valuable insights into the complex interactions 

between psychiatric symptoms and COVID-19 infection. Network analysis allows for the 

investigation of the relationships between symptoms as a whole system, rather than simply 

analyzing individual symptoms in isolation, thus offering a more comprehensive understanding of 

the psychological impact of the pandemic.  

 

5. Conclusions 

COVID-19 pandemic increased the burden of mental illness in the worldwide population. Patients 

with COVID-19 infection might experience anxiety, depression, or PTSD. Anxiety might be a key 

treatment target in the general population since its treatment might prevent other mental health 

adverse outcomes. While our analysis did not reveal statistically significant differences between 

patients with pre-existing mental disorders and those without, it is important to consider the 

potential long-term effects on psychological outcomes in this population. Further studies are needed 

to explore this association in more depth and assess the impact of COVID-19 on mental health 

outcomes over an extended period of time. These findings would provide valuable insights for 

developing personalized mental health interventions tailored to the needs of highly vulnerable 
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populations. Highly vulnerable populations such as patients with previous psychiatric illness or 

COVID-19 survivors should be targets of personalized mental-health interventions to prevent 

severe outcomes and might benefit from similar interventions.  
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1. Introduction 

 

Coronavirus disease 2019 (COVID-19) is a serious viral upper respiratory infection with a broad 

spectrum of clinical manifestations, including neurologic and neuropsychiatric symptoms (Torous 

and Keshavan, 2020). As the number of infections and COVID-19-related deaths increased 

(Pacchiarotti et al., 2020), many patients experienced physical problems and psychological distress. 

Indeed, a high prevalence of anxiety, depression, and stress-related symptoms has been widely 

reported among patients with COVID-19, ranging from 30% to 50% (Taquet et al., 2021),and 

hospital workers (Gómez-Ramiro et al., 2021; Mortier et al., 2021), calculated to be up to 50% in 

the most affected countries (Lai et al., 2020) 

The impact of the pandemic on mental health quickly became evident worldwide in the first wave, 

due also to the imposition of social restrictions to avoid COVID-19 spread. Long-term negative 

mental health consequences, however, were also reported as a result of the pandemic, with a global 

increase in depression and anxiety prevalence (Santomauro et al., 2021), increase of substance 

abuse (Pirkis et al., 2021), suicidal behaviour among adults and adolescents (Charpignon et al., 

2022), and clinical worsening of patients with pre-existing mental disorders, imposing new 

challenges on mental health professionals (Solé et al., 2021; Taquet et al., 2021). Potential 

protective factors against mental health distress, such as social support or resilience, have been 

proposed as potential targets of intervention in special populations at risk of severe psychological 

outcomes (Li et al., 2021; Verdolini et al., 2021).  

Patients with pre-existing psychiatric disorders are considered a fragile population, with a higher 

risk of COVID-19 infection and mortality (de Hert et al., 2022; Nemani et al., 2021). In addition, 

they may have an impaired ability to access medical care due to stigma, cognitive deficits, or poor 

insight, thus resulting in worse global outcomes after COVID-19 infection (Vai et al., 2021; Vieta et 

al., 2020a).  

However, patients hospitalized for COVID-19 may also be subject to worse mental health (Epstein 

et al., 2020) or cognitive outcomes (Llach and Anmella, 2022; Miskowiak et al., 2022), since they 

may have several physical complications after hospital discharge and being exposed to various 

external stressors, such as isolation, economic problems, or lack of social support (Matalon et al., 

2021) or internal, biologically related factors (Fico et al., 2022). Furthermore, hospitalization for 

COVID-19 might worsen previous psychiatric symptoms or conditions, and treatment for COVID-

19 may have adverse effects on mental health and contribute to problems such as anxiety and 

insomnia (Zhou et al., 2020). Patients with COVID-19 have been found to be at higher risk of 
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experiencing severe mental health problems, such as delirium and psychosis, also compared to their 

close contacts (Rogers et al., 2020). 

The COVID-19 pandemic represents an unprecedented example of how psychiatric symptoms and 

more direct infection-related symptoms may generate complex interactions, being influenced by the 

course of infection, personal physical and psychological aspects, and external factors. The network 

approach, in this perspective, may be particularly useful for analyzing and visualizing complex 

relationships among psychopathology symptoms in specific populations (Borsboom and Cramer, 

2013). By applying network analysis to psychiatric symptoms, researchers can gain insights into the 

complex interactions between them and identify key symptoms that may play a central role in the 

development and maintenance of a disorder. In network analysis, nodes reflect symptoms, and 

edges between nodes reflect relationships between symptoms. Some common concepts and 

techniques used in network analysis include centrality measures, which identify the most important 

nodes in a network; clustering algorithms, which group nodes based on their structural similarities; 

and community detection algorithms, which identify groups of nodes that are densely connected to 

each other. Also, in network theory, central symptoms are more likely to activate other symptoms 

and may play a major role in mental disorders onset or maintenance thus providing hints for 

clinicians to target specific aspects of a complex phenomenon (Borsboom et al., 2021). By 

understanding these relationships, healthcare providers can develop more effective treatment plans 

for patients with COVID-19. Additionally, network analysis can help researchers identify potential 

new targets for intervention, such as specific symptoms or risk factors that are strongly associated 

with poor mental health outcomes. Overall, network analysis can provide a powerful tool for 

understanding the complex interplay between physical and mental health in patients with COVID-

19 (Borsboom et al., 2021). 

In the current study, we aimed to investigate the network structure of depressive, anxiety, and post-

traumatic symptoms as well as the resilience strategies and social support in a large, multicentric, 

Spanish sample of patients with COVID-19 infection. Specifically, we aimed to examine how 

psychiatric symptoms and coping strategies are related in patients with COVID-19. Secondarily, we 

aimed to analyze possible differences between the network structures of patients with and without a 

history of psychiatric illness, as well as those with and without hospitalization for COVID-19.  

 

 

2. Methods 

2.1. Participants 
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 3 

We analyzed data from a cross-sectional survey conducted in a representative sample of COVID-19 

patients as part of the MIND/COVID project. The target population consisted of COVID-19 

patients and close contacts aged 18 years or older from 10 different health institutions from 5 

autonomous communities in Spain (Basque Country, Castilla y León, Catalonia, Madrid, and 

Valencia). The institutions were selected to reflect the geographic and sociodemographic variability 

in Spain; most of the participating centers came from regions with a high number of COVID-19 

cases. A baseline evaluation and two follow-up evaluations have been carried out through the 

institutional email of the participants, using the Qualtrics(R) platform, and through telephone 

interviews, using the GESOP platform. Each of the participating centers carried out its own 

recruitment of cases and/or close contacts of COVID-19. The sample frame was obtained from 

information from the different local and regional epidemiological services, and from the different 

health services (hospitals and primary care centers) in charge of identifying and managing COVID-

19 patients and their close contacts. Recruitment was carried out both in person and by telephone: 

for those people recruited in person, a visit to the health center or discharge was used to inform 

them about the study and invite them to participate, while for those who were invited by telephone, 

this was done retrospectively, using the available contact information. The baseline assessment 

consisted of anonymous self-reported surveys via the web (qualtrics.com) or by computer-assisted 

telephone interviews (CATI), conducted by a specialized company or by people hired at the centers. 

The centers invited 6604 people to participate 

5194 people accepted to participate in the study, and 2619 people finally participated. Filtering by 

response quality criteria, we were left with 2504 patients/cases. Of those, 2084 were COVID cases 

(Flowchart - Supplementary Material). Ethical approval was provided by the Parc de Salut Mar 

Clinical Research Ethics Committee (protocol 2020/9203/I). Participants were fully informed about 

the objectives and procedures of the study prior to providing consent. 

 

2.2 Variables assessment 

 

2.2.1. Sociodemographic and Clinical Measures 

Sociodemographic variables included age, gender, marital status, income, financial problems, 

educational level, and living situation. Medical comorbidities were recollected using (Sangha et al., 

2003) a checklist of conditions considered as vulnerable to COVID-19. Clinical data on COVID-19 

infection included: infection (Y/N), and hospitalization in a COVID-19 facility or intensive care 

unit (ICU).  
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2.2.2. Mental Health Measures 

Pre-pandemic lifetime mental disorders were assessed using a checklist based on the Composite 

International Diagnostic Interview (CIDI) (Kessler and Üstün, 2004), that screen the presence of 

depressive disorder, bipolar disorder, generalized anxiety disorder (GAD), panic disorder (PD), 

alcohol and drug use disorders, and "other" mental disorders. A dichotomous variable (Y/N) was 

created (participants with ≥ 1 pre-pandemic mental disorder, vs. none).  

Depressive symptoms of the previous two weeks were measured with the eight-item Patient Health 

Questionnaire depression scale (PHQ-8) (Kroenke et al., 2009), which reflects eight of the nine 

criteria on which DSM-5 diagnosis of major depressive disorder is based and which scores range 

from 0 to 24 (Wu et al., 2020). The PHQ-8 omits the item of the PHQ-9 regarding suicidal ideation 

and self-harm and performs similarly to the PHQ-9 in terms of diagnostic accuracy (Wu et al., 

2020). Therefore, also in our study, the cut-off point of 10 was used to indicate a positive screen for 

current major depressive disorder (Wu et al., 2020). Generalized anxiety symptoms during the 

previous two weeks were measured with the Generalized Anxiety Disorder Scale (GAD-7) (Spitzer 

et al., 2006), which scores range from 0 to 21 and is a validated and reliable instrument used in 

different populations, including the general population during COVID-19 pandemic (Shevlin et al., 

2022) PTSD symptoms during the previous 30 days were measured by means of four items of the 

PTSD Checklist for the DSM-5 (PCL-5) (Bovin et al., 2016), which scores range from 0 to 16 

(Zuromski et al., 2019). The presence of substance use disorder was assessed with the CAGE-AID 

(Leonardson et al., 2005; Moore et al., 2002) questionnaire, which has high reported validity in 

different samples (Mdege and Lang, 2011) with a score of two points set as a cut-off to indicate 

current SUD. All higher scores from previously mentioned scales indicate more severe 

symptomatology. Having had any suicidal ideation or behaviour in the previous 30 days was 

assessed by a modified version of selected items from the Columbia Suicide Severity Rating Scale 

(C-SSRS) (Posner et al., 2011). All responses to the five dichotomous questions of the scale were 

combined, and a general dichotomous variable (suicidal thoughts and behaviours [STB]) was 

created to measure if any of the questions were answered with a “yes”. 

 

2.2.3. Resilience and Social Support Measures 

Resilience was assessed with the 10-item version Connor-Davidson Resilience Scale (CD-RISC) 

(Campbell-Sills and Stein, 2007). Its items are rated on a five-point scale (0 = not at all true to 4 

= true nearly all the time), and total score range from 0 to 40, with higher scores corresponding to 

higher levels of resilience. The Oslo Social Support Scale (OSSS-3) (Kocalevent et al., 2018) was 
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used to assess social support, and it is composed of 3 items, with a total score ranging from 3 to 14, 

where higher values represent higher levels of social support. 

 

2.3 Statistical Analyses 

All analyses were conducted with RStudio, R version 4.1.2 (R Core Team, 2020).  

 

2.3.1 Missing data 

We inspected missing data using the "skimr" R package (Michael Quinn, 2019), and included only 

those variables with at least 90% of observed data in the model. Missing data were imputed by 

using the R package "missRanger" (Wright, 2016),  which is based on the algorithm of "missForest" 

(Daniel J. Stekhoven, 2022)  and uses a random forest approach. The parameter "num.trees" was set 

at 5,000, and the out-of-bag errors were calculated for each variable to measure accuracy (meaning 

how many labels the model got right out of the total number of predictions) ranging from 0 (better 

performance) to 1 (worse performance). 

 

2.3.2. Descriptive statistics of the sample and univariate analyses 

Socio-demographic and clinical characteristics of the sample were provided. Two-sample t-test and 

chi-squares tests were used to study the differences in these variables between individuals with and 

without pre-pandemic lifetime mental disorders, and between those individuals that required 

hospitalization due to COVID-19 versus those who did not. Significance was set at p<0.05 after 

adjusting p-values for multiple comparisons using Bonferroni correction. 

 

2.3.3 Network Analysis 

Network analysis was performed to explore the relationships between mental disorders symptoms 

(i.e., depression, anxiety, STB, and traumatic stress), resilience, and social support in persons 

diagnosed with COVID-19 during the first wave of the pandemic. In addition, network results for 

patients reporting pre-pandemic lifetime mental disorders (i.e., depression, anxiety disorder, 

substance use disorder, bipolar disorder, or any other mental disorder) were compared to those 

without a history of mental disorder before the pandemic, and results from hospitalized patients 

were compared to non-hospitalized ones. Given the high heterogeneity of depressive symptoms 

(Goldberg, 2011), broadening from cognitive, to motor or sleep alterations, we choose to introduce 

PHQ-8 individual items independently in the networks. All the other scales' scores were introduced 

as the total score to avoid Berkson's bias (i.e., selecting a clinical population by symptom sum-

scores negatively impacts the recovery performance of networks) (de Ron et al., 2021).  
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Network structures were estimated using Gaussian Markov random field  (Costantini et al., 2015; 

Lauritzen, 1996) with the EBICglasso model. A nonparanormal transformation of the data was 

applied before the network estimation as data did not follow a normal distribution (Epskamp et al., 

2018a). To control for spurious connections in the network estimation, an optimal regularization 

parameter was selected by using graphical LASSO (Tibshirani, 1996) and extended Bayesian 

information criterion (EBIC) (Chen et al., 2008). A threshold was also used to remove edges not 

surviving p-value <0.05.  

In the network, nodes represent the studied variables and edges the bidirectional and undirected 

correlation between each pair of nodes. Thicker and more saturated edges represented stronger 

correlations; blue and red edges indicated positive and negative partial correlations, respectively.  

Network centrality measures (Bringmann et al., 2019) of expected influence, betweenness, and 

closeness of different nodes were explored (Epskamp et al., 2018b). Expected influence is defined 

as the sum of all edges extending from a given node, maintaining the sign of each edge (Robinaugh 

et al., 2016). Betweenness is the number of times the node lies within the shortest path between two 

other nodes (Brandes, 2010). Closeness is the inverse of the average shortest path length between a 

node and other nodes, and measures how close the symptom is linked to other symptoms (Rubinov 

and Sporns, 2010). The connectivity, which provides general information on the dynamics of the 

network and the connections between specific communities in the network, was explored with one- 

and two-steps bridge expected influence, defined as the sum of the value of all edges between a 

node and all nodes that are not in the same community. 

The accuracy of edge weights was measured by the 95% confidence intervals (CIs) computed 

through bootstrapping (Efron, 1979). The centrality indices' stability was quantified using a case-

dropping bootstrap procedure, and the correlation stability coefficient (CS-coefficient) between 

centrality indices for the full sample was calculated. CS-coefficient represents the maximum 

proportion of cases that can be dropped, such that with 95% probability the correlation between the 

original centrality indices and centrality of networks based on subsets is 0.7.  

To examine whether network structure changes among patients with and without a history of mental 

disorders and among hospitalized and not hospitalized patients, we separately assessed differences 

in network structure, global strength, and significant edges in both groups. Statistical significance 

was evaluated by a p-value <0.05. 

Network estimation and accuracy were conducted by the “bootnet” R package (Epskamp et al., 

2018b) and “qgraph” R package (Epskamp et al., 2012). Network comparison was conducted by 

“Network Comparison Test” R package (van Borkulo et al., 2022). 
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3. Results 

3.1 Characteristics of the sample 

A total of 2084 COVID-19 patients were included in the analysis. The socio-demographic and 

clinical characteristics of the whole sample are available in Table 1. 22.9% (n=500) of the sample 

have symptoms compatible with current depression according to the PHQ-8 score in the context of 

COVID-19 infection, and 30% (n=471) with GAD according to the GAD-7 score. According to the 

PCL-5 score, 408 individuals (19.5%) have symptoms compatible with PTSD. A psychiatric 

comorbidity was present in 16% of the individuals (n=347), with the most common comorbidity 

being anxiety and depression (n=76; 22%).Subjects with pre-existing mental disorders were 

significantly younger and were more likely to be female. Individuals with pre-existing mental 

disorders presented significantly higher rates of depressive, anxiety, and posttraumatic symptoms, 

but had less social support and were less resilient. There were no differences between groups in 

terms of hospitalization/ICU rates, or the presence of medical comorbidities (See Table 1 for further 

details). Socio-demographic and clinical differences according to hospitalization due to COVID-19 

infection in the whole sample are available in Table S1 in the Supplement.   

 

3.2 Missing Data  

Among the variables presenting missing data, ten of them presented less than 10% of missing 

values. Of these, eight presented less than 1% of missing values. Errors estimated during the 

imputation of missing data were less than 5%. 

 

3.3 Network structure of the total sample 

The network estimated using all cases (n=2,084) and including 13 variables is presented in Figure 1. 

The edges with the greatest weight in the network were those connecting “social support” and 

“resilience” (0.94), “depression” and “anhedonia” (0.47), and “anxiety” and “trauma” (0.40), as 

displayed in Figure 1 and detailed in the weight matrix (Supplement, Table S2). Information 

relative to the centrality measures is depicted in Figure 2. Specifically, “anxiety” and “depression” 

presented consistently high centrality measures, with “anxiety” reaching the highest values. “Social 

support” and “resilience” showed high expected influence and the lowest closeness in the whole 

network, differing in values of betweenness. “Anhedonia” and “trauma” presented an average 

expected influence, low betweenness, and high closeness. Among the other variables, “guilt” 

displayed the highest value of betweenness, while “suicidality” presented the lowest scores in 

centrality measures. “Anxiety” was the variable that better connected the different communities of 

the network as denoted by the one- and two-steps bridge expected influence (Supplement, Figure 
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S1). Bootstrapping indicated good accuracy and stability with narrow confidence intervals for edge 

weights and stable centrality estimates for expected influence and bridge expected influence (CS 

(cor = 0.7) = 0.75) (Supplement, Figure S2, S3, S4). 

SD 
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ICU 
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care 

unit; 

NA 

= 

not 

appli

cabl

e; 

OSS

S-3 

= 

Oslo 

Soci

al 

Sup
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Scal

e; 

AU

D = 

alco

hol 

use 

disor

der; PHQ-9 = Patient Health Questionnaire-9 scale; GAD-7 = General Anxiety Disorder-7 scale; PCL-5 = Posttraumatic 

Stress Disorder Checklist for DSM-5. Medical comorbidities included at least one positive answer at the Self-

Administred Medical Comorbidity Questionnaire (SCQ); Suicidal ideation is considered as a positive result at the 

Columbia-Suicide Severity Rating Scale (C-SSRS) in the last 30 days. ** Significant at p<.001. All p are adjusted for 

multiple comparisons using Bonferroni correction. 

 

Table 1. Socio-demographic and clinical characteristics of the global sample and according 

to previous psychiatric history. 

 

 Global Psychiatric  Non-psychiatric Test, p-value 

 N = 2084 n = 848 n = 1236  

     

 

Sex (N, % females) 

 

1141, 55.5 

 

 

552, 65.6 

 

589, 48.0 

 

χ2 = 63.0; p<.001** 

 

Age (mean, SD) 56.2 (17.9) 53.9 (17.5) 57.7 (18.0) t = 4.8; p<.001** 

     

Hospitalization (N, %) 1107, 56.2 426, 52.9 681, 58.5 χ2 = 6.2; p=.169 

     

ICU (N, %) 118, 6.2 44, 5.6 74, 6.5 χ2 =0.6; p=0.999 

     

Medical Comorbidities (N, %) 924, 44.3 388, 45.8 536, 43.4 χ2 =1.2; p=0.999 

     

Financial problems for 

COVID-19  (N, %) 
598, 29.3 264, 31.8 334, 27.6 χ2 =4.3; p =.494 

     

Active workers (N, %) 991, 47.8 407, 48.3 584, 47.5 χ2 =0.1; p=0.999 

     

OSSS-3 score (mean, SD) 10.39 (2.85) 10.56 (2.76)  10.13 (2.95) t = -3.44; p<.001** 

     

CD-RISC score (mean, SD) 38.5 (8.2) 36.7 (8.2) 39.7 (7.9) t = 8.3; p<.001** 

     

Psychiatric history (N, %) 848, 40.7 848, 100.0 NA NA 

     

     AUD  34, 1.7 34, 4.0 NA NA 

     

     Anxiety  681, 33.1 681, 80.3 NA NA 

     

     Bipolar Disorder  37, 1.8  37, 4.4 NA NA 

     

     Depression  401, 19.5  401, 47.3 NA NA 

 

Suicidal Ideation (N, %) 
55, 2.7 43, 5.1 12, 1.0 χ2 =32.6; p<.001** 

     

PHQ-8 score (mean, SD) 14.0 (5.6) 16.3 (5.9) 12.5 (4.7) t=-15.9; p<.001** 

     

GAD-7 score (mean, SD) 12.2 (5.3) 14.4 (5.7) 10.8 (4.4) t=-15.6; p<.001** 

     

PCL-5 score (mean, SD) 3.1 (3.5) 4.3 (3.9) 2.3 (2.9) t=-12.7; p<.001** 
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 9 

 

 

Figure 1: Graphical representation of the estimated network model. Pink nodes represent depressive 

symptoms measured with the PHQ-8 scale, the green node represents anxiety symptoms measured with the 

GAD-7 scale, and the blue node represents the trauma symptoms measured with the PCL-5 scale. The yellow 

node represents suicidal behavior measured with the C-SSRS. Orange and light blue nodes represent 

respectively resilience and social support data measured with the CD-RISC and OSSS-3 scales. Blue links 

indicate positive effects and red links negative effects (SOC SUPP - GUILT and RESIL - ANH). The edge 

thickness represents the strength of the association between symptom nodes.  

Abbreviations: GAD-7 total score, ANX: anxiety; PHQ-8 items: DEP: "sad mood"; ANH: "anhedonia"; 

ENERGY: "energy"; COG: "concentration"; GUIL: "guilty"; MOTOR: "motor"; APPET: "appetite"; 

SLEEP: "sleep"; TRAUMA: Trauma; CD-RISC total score, RESIL: "resilience"; OSSS-3 total score, SOC 

SUPP: "Social Support"; C-SSRS score, SUIC: suicidal behavior. 
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Figure 2. Centrality Plots for EBICglasso network depicting the expected influence, betweenness and 

closeness of each node (variable). Abbreviations: GAD-7 total score, ANX: anxiety; PHQ-8 items, DEP: 

"sad mood"; ANH: "anhedonia"; ENERGY: "energy"; TRAUMA: Trauma; COG: "concentration"; GUIL: 

"guilty"; MOTOR: "motor"; APPET: "appetite"; SLEEP: "sleep"; CD-RISC total score, RESIL: "resilience"; 

OSSS-3 total score, SOC SUPP: "Social Support"; C-SSRS score, SUIC: suicidal behavior.  
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3.4 Network comparisons 

Networks comparing patients with and without psychiatric diagnoses did not differ in both network 

structure (p=0.63) or global strength (p=0.61) (Supplement, Figure S5). Looking at the individual 

edges, edges connecting “motor” and “anxiety” (p=0.04), and “motor” and “trauma” (p=0.01) were 

greater in people with psychiatric diagnoses, while edge connecting “energy” and “motor” (p=0.04) 

was smaller in people without psychiatric diagnoses. 

Networks comparing patients who were hospitalized or not hospitalized did not differ in both 

network structure (p=0.22) or global strength (p=0.73) (Supplement, Figure S6). Looking at the 

individual edges, the edge connecting “depression” and “energy” (p<0.01) was significantly greater 

in hospitalized people, while edges connecting “depression” and “appetite” (p<0.01), and “anxiety” 

and “trauma” (p=0.04) were smaller. 
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4. Discussion 

 

The present investigation estimated the network structures of symptoms of anxiety, depression, 

traumatic stress, suicidal behavior, resilience, and social support in a large sample of patients with 

COVID-19 during the first wave of the pandemic in Spain, and how these structures vary among 

patients with severe COVID-19 outcomes (i.e., hospitalization) or with a pre-existing psychiatric 

disorder. In general, network structures were stable and showed high accuracy. Our results 

highlighted the central role of anxiety and depression in patients with COVID-19 during the first 

months of the pandemic, consistent with previous findings (Bai et al., 2022; Cai et al., 2022; Liu et 

al., 2022). Indeed, during the first wave of COVID-19, both anxiety and depressive symptoms were 

prevalent both in the general population and in patients with COVID-19 (González-Sanguino et al., 

2020). The pandemic and associated lockdown measures led to feelings of uncertainty, fear, and 

social isolation, which might have contributed to the development of mental health conditions. 

Anxiety also showed to be a bridge symptom between depressive symptoms and post-traumatic 

stress symptoms, meaning that it connects these different clusters of symptoms. The reciprocal 

nature of the relationship between anxiety and PTSD or depression severity is well-known and 

indicates that these psychopathological dimensions are deeply intertwined (Michopoulos et al., 

2017; Norr et al., 2016). Bridge symptoms constitute priority therapeutic targets since the 

deactivation of these symptoms might prevent the development of other comorbid, simultaneous, 

symptoms (Cramer and Borsboom, 2015). Thus, clinicians might want to target anxiety as a bridge 

symptom in order to ameliorate the mental well-being of patients with COVID-19.  

Psychological resilience and social support also show a high expected influence and betweenness in 

our results, but a low closeness, suggesting that although the relationship between the two variables 

is strong, they are less likely to affect changes in anxiety, depression, or post-traumatic symptoms. 

Both resilience and social support are important recognized protective factors against psychological 

distress and help in reducing psychiatric illness burden in the long term (Min et al., 2013; Wang et 

al., 2018). Reports from longitudinal and cross-sectional studies show that patients with COVID-19 

and proper social support or resilience are less likely to manifest anxiety or depression (Li et al., 

2021). Also, resilience strategies adopted were heterogeneous among different populations and 

varied with time, as the global population faced economic losses, fear of unemployment or 

recession, or other societal issues (Manchia et al., 2022). Our data did not show an influence of 

resilience or social support on mental health, possibly because the effect of stressful events on 

psychological outcomes (i.e., anxiety from worrying about economical loss or losing a loved one) 

and relative coping strategies adopted, became more after several months of the pandemic, while 
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our cross-sectional data were collected during the first COVID-19 wave in Spain, and can give us 

insight only on the short-term association between COVID-19 and mental health outcomes 

Our result also showed that suicidality was not a central psychopathological dimension in patients 

with COVID-19 during the first wave of the pandemic, in line with previous reports on the topic 

(Pérez et al., 2022). Suicidal ideation might be related to several psychopathological dimensions, 

including depression, but might be considered also a clinical entity on its own (Oquendo and Baca-

Garcia, 2014). High-vulnerable groups, such as patients with a pre-existing mental disorder 

(Gómez-Ramiro et al., 2021), adolescents (Fortea et al., 2022 in press), and COVID-19 survivors 

might deserve special attention in the long term to reduce undesirable mental health outcomes, 

including suicide risk. However, given the cross-sectional nature of our data, we can only make 

conjectures about the impact of COVID-19 on mental health outcomes in the short term. To gain 

insight into its long-term effects, further longitudinal studies are necessary. 

Although we found higher levels of anxiety, depressive and post-traumatic symptoms at the 

univariate analysis in patients with a previous psychiatric history compared with those without, we 

were not able to find significant differences in the general network structures between these two 

populations. However, "motor" and "anxiety" and "motor" and trauma" edge weights were greater 

in patients with a previous psychiatric diagnosis, possibly indicating that this subpopulation might 

present motor-related symptoms (i.e., restlessness) related to more severe anxiety. Patients with 

previous psychiatric disorders are a fragile population at higher risk of presenting detrimental long-

term effects on mental health for COVID-19 compared with the general population and should 

require specialized treatment and attention (Belz et al., 2022; Vieta et al., 2020b).  

Patients hospitalized for COVID-19 did not show significant differences in the network structure 

compared to non-hospitalized ones. However, hospitalized patients presented more loss of energy as 

a symptom core of depression compared to non-hospitalized ones. The lack of differences in 

network estimations might be due to the fact that COVID-19 survivors appear to show an increased 

risk of developing PTSD, anxiety, and depression in the long, rather than in the short (Kyzar et al., 

2021). However, recent evidence shows that psychiatric symptoms and poor sleep quality tend to 

slowly recover after COVID-19 infection in previously hospitalized COVID-19 survivors 

(Fernández-De-Las-Peñas et al., 2022). This result could also mean that both subpopulations of 

patients could have similar responses to the same interventions (Fried and Robinaugh, 2020), 

pointing to the need for a precision public health approach to psychopathology in the context of an 

acute pandemic such as COVID-19 during the first wave and beyond (Gonda et al., 2022; Stein and 

Wessely, 2022). 
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Our study comes with several limitations. First, both our study's cross-sectional design and network 

analysis cannot reveal causal dynamics between considered variables. Also, participation was 

voluntary, so we should consider a possible self-selection bias in individuals responding to the 

survey.  Also, although some of the instruments used to evaluate psychopathological symptoms in 

the population are validated and used widely in research (i.e. PHQ-8) might overestimate the 

prevalence of certain disorders (Fischer et al., 2023). Moreover, Berkson's bias could apply to our 

results and could have affected the edges' weights and thus also the centrality measures. The 

presence of pre-existence mental disorders was self-reported, and it might be possible severe 

patients with acute symptoms or poor insight, did not enter the study. Finally, when interpreting the 

data from this cross-sectional study, we should pay attention to the time and the place at which they 

were obtained, since we are aware that restriction measures, and the number of COVID-19 cases or 

deaths, were extremely heterogeneous over time and in different places worldwide, thus preventing 

generalizability of our results. However, our study gives an insight into the psychopathological 

features of patients with COVID-19 in Spain, which suffered several pandemic waves, and being 

one of the most affected European nations (Pacchiarotti et al., 2020). Also, this cross-sectional 

study includes a large number of patients and a prospective-follow up of this cohort is currently 

underway, so longitudinal data would be further analyzed in the near future. A study demonstrating 

that anxiety and depression are central symptoms in patients with COVID-19 using network 

analysis is an innovative approach that can provide valuable insights into the complex interactions 

between psychiatric symptoms and COVID-19 infection. Network analysis allows for the 

investigation of the relationships between symptoms as a whole system, rather than simply 

analyzing individual symptoms in isolation, thus offering a more comprehensive understanding of 

the psychological impact of the pandemic.  

 

5. Conclusions 

COVID-19 pandemic increased the burden of mental illness in the worldwide population. Patients 

with COVID-19 infection might experience anxiety, depression, or PTSD. Anxiety might be a key 

treatment target in the general population since its treatment might prevent other mental health 

adverse outcomes. While our analysis did not reveal statistically significant differences between 

patients with pre-existing mental disorders and those without, it is important to consider the 

potential long-term effects on psychological outcomes in this population. Further studies are needed 

to explore this association in more depth and assess the impact of COVID-19 on mental health 

outcomes over an extended period of time. These findings would provide valuable insights for 
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developing personalized mental health interventions tailored to the needs of highly vulnerable 

populations. 
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