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Abstract Introduction: Covid-19 has generated several psychological impacts on people’s lives
and brought new challenges for dealing with the pandemic’s repercussions. Objective: The objec-
tive was to analyse the relationship between the symptoms of fear of Covid-19, anxiety, and de-
pression using different samples extracted at three distinct time-points. This study performed a
network analysis of the fear of Covid-19 and anxiety- and depression -related symptoms based
on data collected during the Covid-19 pandemic. Method: Three yearly cross-sectional surveys
were conducted based on independent samples (2020-2022) of Brazilian adults (Time-point 1,
Time-point 2, and Time-point 3 with 1,520, 1,523, and 1,517 participants, respectively). The Fear
of Covid-19 Scale, the Generalised Anxiety Disorder Scale (7 items), and the Patient Health Ques-
tionnaire (9 items) were applied. The network structure invariance, the global strength invari-
ance, and the strength of centrality index between the samples were compared. Results: Items
from the three instruments had high values (>70%) in all samples (excluding the fear of Covid-19
at Time-point 3). Depression and anxiety symptoms increased, while fear-related behaviours
decreased. Network analysis indicates that networks became progressively more parsimonious,
and few edges connected different scales. Network comparisons revealed similar structures,
but key differences were found: Time-point 1 showed significantly higher global connectivity,
and changes in edge weights were observed only within the scales. Conclusions: Our findings
suggest that the pandemic had a greater disorganising impact at its beginning, with a continuous
increase in the mental health symptomatology and a reduction in the ratio between fear and
anxiety and/or depression.

©2023 Fundacion Universitaria Konrad Lorenz. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

PALABRAS CLAVE
Miedo al COVID-19,
ansiedad, depresion,
COVID-19, analisis de redes

Miedo al COVID-19, ansiedad y depresion durante la pandemia: un analisis de redes

Resumen Introduccion: El COVID-19 generd varios impactos psicologicos en la vida de las per-
sonas imponiendo nuevos desafios para confrontar la pandemia. Objetivo: Analizar la relacion
entre los sintomas de miedo al COVID-19, ansiedad y depresion utilizando diferentes muestras
extraidas durante tres periodos de tiempo distintos. Fueron analizadas redes del miedo y los
sintomas de ansiedad y depresion usando datos recolectados durante la pandemia de COVID-19.
Método: Tres encuestas transversales anuales basadas en muestras independientes (2020-2022)
de adultos brasilenos (punto temporal 1, punto temporal 2 y punto temporal 3 con 1520, 1523 y
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1517 participantes, respectivamente). Se aplicaron la Escala de Miedo al COVID-19, la Escala de
Trastorno de Ansiedad Generalizada (7 items) y el Cuestionario de Salud del Paciente (9 items).
Se compararon la invariancia de la estructura de la red, la invariancia de la fuerza global y la
fuerza del indice de centralidad entre los tres puntos temporales. Resultados: Los items de los
tres instrumentos tuvieron valores altos (>70%) en todos los puntos temporales (excluyendo
el miedo al COVID-19 en el punto temporal 3). A lo largo de los tres puntos temporales, los
sintomas de depresion y ansiedad aumentaron, mientras que el miedo disminuyé. Las redes se
volvieron progresivamente mas parsimoniosas y pocas aristas conectaron diferentes escalas,
con estructuras similares. Conclusiones: La pandemia tuvo un mayor impacto desorganizador
en su inicio, con un aumento continuo de la sintomatologia de salud mental y una disminucion
de la relacion entre miedo y ansiedad o depresion.

© 2023 Fundacion Universitaria Konrad Lorenz. Este es un articulo Open Access bajo la licencia
CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

The Covid-19 pandemic has become the greatest health
crisis in recent human history (Souza et al., 2020), affect-
ing not only healthcare systems but also industrial and eco-
nomic sectors worldwide (Silva & Pena, 2021). Persistent
exposure to its effects has been observed, producing dis-
seminated fear and mental health repercussions (Yarrington
et al., 2021), which demand constant (and intense) adap-
tation. The particularities of the pandemic’s burden and
the varied adaptive demands have led researchers to direct
attention to an extraordinary stressor at this historical mo-
ment, the fear of Covid-19, especially because of its poten-
tial influence on mental disorders (Buneviciene et al., 2022;
Giordani et al., 2022; Luo et al., 2021).

The fear of Covid-19 has become a globalised and
cross-cultural experience, affecting many countries and dif-
ferent groups. A specific scale was developed for assessing
it (Fear of Covid-19 Scale [FCV-19S], Ahorsu et al., 2020),
and it has been used worldwide in more than ninety stud-
ies (Alimoradi et al., 2022). Based on those investigations,
there is evidence of the widespread impact of the fear of
Covid-19 on psychological adjustment and psychiatric out-
comes, especially when considering depression and anxiety
disorders (Alimoradi et al., 2022; Luo et al., 2021; World
Health Organisation [WHO], 2022a). Higher rates of anx-
iety symptoms were observed than before the pandemic
(Buneviciene et al., 2022), and depression also showed an
increase over the previous period (Feter et al., 2021).

Since the beginning of the pandemic, Brazil has been
a focus of concern because various socio-demographic pe-
culiarities seem to have influenced the impact of the pan-
demic in the Brazilian population. In 2020, when the virus
arrived, there was a rapid spread. A low adherence to social
isolation policies and an unequal access to testing (Souza et
al., 2020) were noticed. In 2021, a peak in the death rate
and a sustained increment in the number of new cases were
observed. Brazil constantly maintained a position among
the countries with the highest number of cases and deaths
in the world (WHO, 2022b). Starting in 2022, the Omicron
variant has spread aggressively across the country, causing
a higher increase in Covid-19 cases. Despite that, proba-
bly due to specific factors associated with the severity of
the new variant, the high level of contagion in the previous
years and massive vaccine coverage, the number of deaths
became less than the number of cases (WHO, 2022b).

In these exceptional times, mental health care may be
regarded as critical throughout the Covid-19 crisis and it is

a challenge for the global community in dealing with the re-
percussions of the psychological adjustment of confronting
the pandemic (Pfeifer et al., 2021; WHO, 2022a). Therefore,
to track mental disorder symptomatology in Brazil seems
a pivotal target and different and innovative methods of
handling data are welcome for the study of mental health
issues. Accordingly, network analysis seems to be an in-
teresting approach to dealing with topics such as one-off
and ongoing interactions between the fear of Covid-19 and
anxiety- and depression-related symptoms throughout the
pandemic.

Initially introduced by Borsboom and Cramer (2013), the
network analysis perspective proposes that psychiatric dis-
orders should be considered as a constellation of interacting
behavioural, cognitive, and affective responses that devel-
op over time. This perspective focuses on the behavioural
characterisation of mental disorders as the disorder itself,
not the manifestation of a latent psychological cause, or
a psychological symptom (Borsboom, 2017). Said proposal
has already produced significant research data on different
disorders, for instance, anxiety and depression (Contreras
et al., 2019).

Consider this stylised example: a young person recov-
ered from Covid-19 and subsequently developed a persistent
fear of reinfection. Because of this, the youth avoids public
places, social events, and close interpersonal interaction.
This, in turn, may make them less prone to social engage-
ment, hindering the formation of social bonds, which may
contribute to feeling depressed or apathetic. These events
may cause their grades to go down and promote friction
with parents, which may be accompanied by feelings of not
belonging and self-injurious behaviours. Hence, instead of
viewing each of these behavioural events as symptoms of
an underlying cause (e.g., depression), the network analysis
perspective proposes a dynamic understanding of behav-
ioural interactions and feedback loops that may lock the
individual into a psychological-functioning that produces
mental suffering (Borsboom, 2017). This network of inter-
acting behavioural events persists over time and generates
enduring deterioration of adaptive skills and sustained ac-
tivation of stress.

In a network, each behaviour is defined as a node, and
the connections between behavioural patterns (the effect
one has over the other) are defined as an edge (Borsboom
& Cramer, 2013). Usually, in a network analysis of psychiat-
ric disorders, nodes are items of psychological assessment
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tools (inventories, questionnaires, etc.) measuring behav-
ioural intentions or evaluations. A priori, any variable relat-
ed to the phenomenon of interest may be considered a node
(Epskamp et al., 2018). When the network is established, it
is possible to ascertain several different indicators of its
structure, such as the relative strength of each node in the
dynamic of the network, the stability and replicability of
the structure for different individuals or different nested
networks, and so on (see Isvoranu & Epskamp, 2023). It is
relevant to note that, although initial research on the net-
work analysis of mental disorders was mainly concentrated
on exploratory efforts, generating a hypothesis of associa-
tion patterns among elements (nodes), recent works have
expanded to compare network structures across different
populations or within the same population in different peri-
ods. This has required the development of statistical tech-
niques that compare network structures, edge strength,
and global strength invariances. Those analytic strategies
were implemented with the R package NetworkCompari-
sonTest (Van Borkulo et al., 2022), which allows to contrast
conditions within and/or between networks, such as the
behaviour of certain psychological constructs and the psy-
chiatric outcomes between the different Covid-19 pandemic
moments.

We analysed the relationships between the fear of Cov-
id-19 and anxiety- and depression-related symptoms based
on three different surveys of the Brazilian adult population
in the three first years of the Covid-19 pandemic. For this
purpose, we performed a network analysis considering pan-
demic independent samples (one per year) with the objec-
tive of estimating the relationships of fear behaviours and
mental health symptoms. It is expected, through network
analysis, to provide a broader perspective on how the ob-
served anxiety- and depression-related symptoms interact-
ed with the fear of Covid-19 throughout the pandemic.

Method
Scenario and participants

Three cross-sectional surveys (time-point samples)
were conducted in the years 2020 (Time-point 1 [TP1]),
2021 (Time-point 2 [TP2]), and 2022 (Time-point 3 [TP3])
in Brazil. The full sample integrates all the 27 states of
the country and people from more than 1,000 cities. Data
were collected and stored on the Survey Monkey platform
by means of an electronic invitation (Instagram, Facebook,
and WhatsApp) to participate in the study. To be eligible,
participants had to be adults (18 or older) and living in Bra-
zil during the period of the data collection. This study was
approved by the Brazilian National Commission for Research
Ethics (n° 3.955.180), and all subjects provided their elec-
tronic informed consent.

Based on an independent observation sampling method,
the full sample comprised 4,560 individuals, with 88.2% fe-
males (n = 4023) and a mean age of 36.2 years (SD = 13.38).
TP1 was composed of 1,520 participants (33.3%), and the
data were obtained in the first week of June (2020), after
nearly three months from the official first reported case of
Covid-19 in Brazil (March 2020). TP2 had 1,523 participants
(33.4%), and the data were collected in the second week
of March (2021), one year after the Brazilian government

declared Covid-19 a national public health emergency. TP3
was performed in March 2022, two years after the pandem-
ic started in Brazil, and had 1,517 participants (n = 33.3%).
A Chi-Square test was applied to compare proportions by
gender and it was found that TP2 had a few more females
than TP1 and TP3 (89.9% versus 87.4% and 87.3%; p = 0,037).
For comparing the mean of age between the samples, an
ANOVA One-way test was applied. Results showed differ-
ences in all contrasts: TP2 (M = 39.0; SD = 13.5) was older
than TP1 (M = 31.6; SD = 12.1) and TP3 (M = 37.8; SD = 13.3)
(both at p < 0.001). TP3 was also older than TP1 (p = 0.018).

Measurements

The Generalised Anxiety Disorder-7 item Scale (GAD-7;
Moreno et al., 2016; Spitzer et al., 2006) consists of sentences
describing the frequency of anxiety-related symptoms dur-
ing the previous 2-week period. Each item may be scored on
four ordinal levels: “not at all” (0), “several days” (1), “over
half of the days” (2), and “nearly every day” (3). The total
score ranges from 0 to 21 and higher scores indicate a high-
er frequency of the anxiety symptoms. In the current study,
the GAD-7 showed high indices of reliability, with Cron-
bach’s Alpha («) and McDonald’s Omega (L2) both at 0.90.

The Patient Health Questionnaire-9 (PHQ-9; Kroenke et
al., 2001; Osorio et al., 2009) evaluates the presence of
depression-related symptoms over the previous two weeks.
Nine questions are scored from 0 to 3, similar to the GAD-7.
A total score from 0 to 27 reflects the presence and severity
of the symptoms. We found satisfactory reliability (¢ and Q of
0.90).

The Fear of Covid-19 Scale (FCV-19S; Ahorsu et al., 2020;
Faro, Silva, et al., 2022) describes thoughts and feelings re-
lated to the risk perception of contamination and/or expo-
sure to the Covid-19 virus. It consists of seven items scored
from 1 to 5 (“strongly disagree,” “disagree,” “neither agree
nor disagree,” “agree,” and “strongly agree”). The total
score goes from 7 to 35, and higher scores reflect a greater
fear of the Covid-19 virus. The reliability of the FCV-19S was
satisfactory (o and Q of 0.87).

Network estimation

Network analyses were performed in R (version 4.1.2),
applying the packages bootnet 1.5, qgraph 1.9.1, and Net-
workComparisonTest 2.2.1 using Rstudio (version 2022.02.
0+443). Descriptive statistics were completed in JASP
0.11.1. In the network structure, the items of the GAD-7,
PHQ-9, and FCV-19S are represented as nodes, and the cor-
relations between the items are the edges. The estimator
EBICglasso was applied, which reduces weak statistical re-
lationships to zero and allows for identifying only the most
relevant edges in the network. All variables were regular-
ised as a polychoric correlation matrix using the command
“cor_auto” (qgraph) due to the ordinal level of the respons-
es to the instruments.

The “strength” of the nodes was calculated, by central-
ity analysis, following directions on the most stable and
straightforward indicator to be computed for identifying
critical nodes in the network. This index, found by the sum
of the all edge-weights that a node is related to, shows the
magnitude of the correlations among them. The accuracy
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and stability of the network were evaluated by bootstrap-
ping analysis (nonparametric with 1,000 samples) for the
centrality and edge-weight parameters. First, confidence
intervals (Cl 95%) were calculated for the edges to estimate
their true values, with small ranges indicating more accu-
racy. Second, difference tests based on the bootstrapping
were estimated, and the absence of zeros in the Cl (95%)
indicated a significant difference between the edge-weights
or node strengths throughout the simulated subsamples. Fi-
nally, the CS-coefficient analysis was carried out in order to
detect the constancy of the centrality index throughout the
bootstrap subsample.

Contrasts between the TP1, TP2 and TP3 networks were
analysed using the package NetworkComparisonTest (Van
Borkulo et al., 2022). One thousand permutations were
performed, and three parameters were compared: struc-
ture (Network Structure Invariance [NSI]), global strength
(Global Strength Invariance [GSI]), and centrality index
(Edge-Weight Strength [EWS]). Bonferroni correction was
applied to estimate the statistical significance (p < 0.05).
Three comparisons were done: TP1 vs. TP2; TP1 vs. TP3;
TP2 vs. TP3.

Transparency and openness

We report the method, platform, and software used for
the data collection, all statistical analyses, and the instru-
ments applied. Datafile, all analytic code, additional results,
Tables or Figures are reported in the online supplemental
materials. The datasets generated during and/or analysed
during the current study are available in the OSF repository,
https://osf.io/7v96n/

Results

Descriptive statistics

Table 1 presents descriptive data by samples. At TP1,
three FCV-19S items showed values above 70%: iFCV2 (It
makes me uncomfortable to think about coronavirus-19;
77.7%), iFCV1 (I am most afraid of coronavirus-19; 75.9%)
and iFCV5 (When watching the news and stories about coro-
navirus-19 on social media, | become nervous or anxious;
73.5%). TP2 had the same three items with the highest val-
ues but with percentages over 80%: iFCV1 (85.2%), iFCV2
(83.3%), and iFCV5 (80.6%). Although TP3 did not show any
item of the FCV19-S with a percentage superior to 70%, the
most frequent ones were also the same for TP1 and TP2:
iFCV2 (62.8%), iFCV1 (59.7%), and iFCV5 (51.9%). Notably,
iFCV2 was the most common thought or feeling related to
the fear of Covid-19 in all samples. All scores of FCV19-S
registered smaller values at TP3.

Most of the GAD-7 items presented values above 70%.
Some of them showed an occurrence of over 90%: iGAD1
(Feeling nervous, anxious, or on edge) and iGAD3 (Wor-
rying too much about different things) in the three sam-
ples (91.8% and 93.7% for TP1, 94.0% and 95.3% for TP2,
and 91.1% and 94.6% for TP3). Another interesting finding is
that iGAD5 (Being so restless that it is hard to sit still) and
iGAD6 (Becoming easily annoyed or irritable) became more

frequent through the samples: 55.1% and 86.4% (TP1), 59.5%
and 87.5% (TP2), and 63.0% and 88.5% (TP3).

The PHQ-9 also exhibited high values in some items, es-
pecially iPHQ4 (Feeling tired or having little energy), which
presented a progressive increment (89.9%, 91.5%, and 92.6%
for TP1, TP2, and TP3, respectively). Similar to iPHQ4, the
following also increased through the samples: iPHQ3 (Trou-
ble falling or staying asleep, or sleeping too much; 82.8%,
83.9%, and 85.1% for TP1, TP2, and TP3, respectively),
iPHQ6 (Feeling bad about yourself — or that you are a fail-
ure or have let yourself or your family down; 68.8%, 70.2%,
and 78.2% for TP1, TP2, and TP3, respectively) and iPHQ8
(Moving or speaking so slowly that other people could have
noticed? Or the opposite — being so fidgety or restless that
you have been moving around a lot more than usual; 48.8%,
53.0%, and 56.5% for TP1, TP2, and TP3, respectively).
Another increase was found in iPHQ9 (Thoughts that you
would be better off dead or hurting yourself in some way),
even with lower values; it started from 28.0% at TP1, in-
creased to 29.9% at TP2, and 39.1% at TP3.

Network analysis

Figure 1 plots the network of the three time-points under
analysis. The networks were composed of 23 nodes and 253
edges. Only 57 were correlations above 0 at TP1, and 52 at
TP2 and TP3. The largest edge-weights were found within
the set of nodes for each scale, being, basically, the same
at TP1, TP2, and TP3. Considering they have the same ar-
rangement, a visual audit suggests a progressive, more par-
simonious network when comparing the densities (quantity
and thickness of the edge-weights) from TP1 to TP3.

In common with the three samples, the highest correla-
tion between nodes within the FCV-19S were iFCV1-iFCV4 (/
am afraid of losing my life because of coronavirus-19) and
iFCV2-iFCV5. Particularly at TP3, the relationships iFCV3 (My
hands become clammy when | think about coronavirus-19)
-iFCV6 (I cannot sleep because I’m worried about getting
coronavirus-19) and iFCV6-iFCV7 (My heart races or palpi-
tates when | think about getting coronavirus-19) reached
their highest interaction. As a whole, the FCV-19S presented
strong relationships among the nodes for all samples. If only
the GAD-7 items are considered, the strongest relationships
are iGAD1-iGAD2 (Not being able to stop or control worry-
ing) at TP1 and iGAD3-iGAD4 (Trouble relaxing) at TP2 and
TP3. The number of edges of the GAD-7 went from a larg-
er intricate grouping of nodes at TP1 to fewer interactions
in the other samples. For the PHQ-9, a robust edge-weight
was found between iPHQ1 (Little interest or pleasure in do-
ing things) and iPHQ2 (Feeling down, depressed, or hope-
less) in all samples. Another regular and thick edge-weight
throughout the samples was iPHQ3-iPHQ4. The density of
PHQ-9 may receive the same observation given to the GAD-
7: it seemed to become less dense from TP1 to TP3.

At the intersection of the scales GAD-7 and PHQ-9 with
FCV19-S, few edges were detected. There were four at TP1,
five at TP2, and three at TP3. Moreover, iGAD7 (Feeling
afraid as if something awful might happen) was the com-
mon edge between GAD-7 and FCV19-S throughout the sam-
ples. Further, iGAD5 showed relationships with iFCV3 at TP2
and TP3 but not at TP1. In addition, iFCV2 had interactions
with iGAD7 at TP1 and TP2 but not at TP3. On the link be-
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Table 1. Descriptive Statistics of the Fear of Covid-19 Scale (FCV-19S), Generalised Anxiety Disorder Scale 7-items (GAD-7), and

Patient Health Questionnaire 9-items (PHQ-9)

Mean (SD)* % of positives*
Node Item
TP1 TP2 TP3 TP1 TP2 TP3
iFCV1 | am most afraid of coronavirus-19 4.0 (0.95) 4.3(0.89) 3.6 (1.10) 759 85.2 59.7
iFCV2 It makes me uncomfortable to think about coronavirus-19 3.9 (0.95) 4.2 (0.93) 3.5(1.08) 77.7 83.3 62.8
iFCV3 My hands become clammy when | think about coronavirus-19 2.3 (1.10) 2.2 (1.10) 2.1 (1.06) 14.7 14.6 125
iFCV4 | am afraid of losing my life because of coronavirus-19 3.5(1.23) 3.8(1.19) 3.2(1.30) 574 69.3 46.4
iFCV5 When watching news and stories about coronavirus-19 on social 3.9 (1.09) 4.1 (0.09) 3.3 (1.18) 73.5 80.6 519
media, | become nervous or anxious
iFCV6 | cannot sleep because I’'m worrying about getting coronavirus-19 2.3 (1.14) 2.4 (1.15) 2.0(0.96) 171 19.6 8.4
iFCV7 My heart races or palpitates when | think about getting 29 (1.29) 3.0(1.31) 2.5(1.23) 39.5 395 244
coronavirus-19
iGAD1 Feeling nervous, anxious, or on edge 2.8 (1.00) 3.0(1.01) 3.0(1.06) 91.8 94.0 911
iGAD2 Not being able to stop or control worrying 2.6 (1.01) 2.7 (1.04) 2.8 (1.07) 881 879 873
iGAD3 Worrying too much about different things 2.9 (1.00) 3.0(0.98) 3.1(1.00) 93.7 95.3 94.6
iGAD4 Trouble relaxing 2.8 (1.06) 2.9 (1.02) 2.9 (1.06) 88.0 91.6 89.7
iGAD5 Being so restless that it is hard to sit still 1.9 (1.02) 2.0 (1.03) 2.1 (1.07) 551 59.5 63.0
iGAD6 Becoming easily annoyed or irritable 2.7 (1.05) 2.6 (1.05) 7(1.05) 86.4 875 88.5
iGAD7 Feeling afraid as if something awful might happen 2.4 (111) 2.7 (1.11) 5(1.14) 744 83.8 75.7
iPHQ1 Little interest or pleasure in doing things 2.6 (1.05) 2.6 (1.06) 2.6 (1.09) 849 84.2 837
iPHQ2 Feeling down, depressed, or hopeless 2.6 (1.08) 2.8 (1.06) 2.8 (1.09) 84.1 879 86.7
iPHQ3 Trouble falling or staying asleep, or sleeping too much 2.8(114) 2.7 (1.11) 29 (1.13) 82.8 839 85.1
iPHQ4 Feeling tired or having little energy 2.9 (1.05) 3.0(1.04) 3.0(1.03) 899 915 92.6
iPHQ5 Poor appetite or overeating 2.7 (117) 2.7 (1.16) 2.7 (1.18) 801 78.7 79.4
iPHQ6 Feeling bad about yourself — or that you are a failure or have let 2.4 (1.22) 2.5(1.22) 2.7 (1.19) 68.8 70.2 78.2
yourself or your family down
iPHQ7 Trouble concentrating on things, such as reading the newspaper or 2.5 (1.12) 2.5 (1.14) 2.5(1.14) 76.8 777 772
watching television
iPHQ8 Moving or speaking so slowly that other people could have noticed? 1.9 (1.05) 2.0 (1.10) 2.0 (1.12) 48.8 53.0 56.5
Or the opposite — being so fidgety or restless that you have been
moving around a lot more than usual
iPHQ9 Thoughts that you would be better off dead or of hurting yourself 1.5(0.90) 1.5(0.93) 1.7 (1.06) 28.0 29.0 39.1

in some way

Notes. TP1 = Time-point 1 (June 2020, n = 1520); TP2 = Time-point 2 (March 2021, n = 1523); TP3 = Time-point 3 (March 2022, n = 1517).
* Most part of the item distributions presented high skewness or kurtosis.
** Proportion of items answered 4 (agree) or 5 (strongly agree) in the FCV-19S and 1 (several days), 2 (more than half of the days) or 3

(nearly every day) in the GAD-7 and PHQ-9.

tween PHQ-9 and FCV19-S, there was no regular edge to the
three samples. Only at TP1 and TP2, the edges iPHQ3 and
iFCV6 were present. In the case of iPHQ8, there were re-
lationships with iFCV3 at TP1 and TP3. At the intersections
between the GAD-7 and the PHQ-9, there were fewer edges
from TP1 to TP2 (from seven to four), but the quantity was
maintained at TP3 (four), with a similar density.

The centrality analysis indicated there was relative
similarity through visual checking, especially among the
main nodes (Figure 1). The highest strength by scale, which
means the most central nodes per instrument, were as fol-
lows: iPHQ2, iFCV7, and iGAD2 for TP1, iPHQ2, iFCV6, and
iGAD1 for TP2, and iPHQ4, iFCV7, and iGAD3 for TP3.

The case-dropping bootstrapping did not present signif-
icant changes during the simulation of the subsets to the
three time-points. These results indicate the stability of
the network, which is CS-coefficient for strength and edge-

weights that are above 0.5, as follows: 0.60 and 0.75, 0.60 and
0.75, and 0.67 and 0.75, respectively, for TP1, TP2, and TP3.
Bootstrap analysis also demonstrated that edge-weights
and nodes—especially the former—exhibited narrow Cls
(95%) and significant statistical differences from one an-
other in the most powerful edge-weights and nodes (see
Supplementary Materials on OSF repository). These findings
support the suitable accuracy and stability of TP1, TP2, and
TP3.

Network comparisons

Of the three comparisons executed, one of them did
not show any significant difference in the NSI, GSI, and EWS
(TP2 vs. TP3; p > 0.05). Specifically, in the EWS, TP1 vs. TP2
and TP1 vs. TP3 did not show a statistically important dis-
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tinction (p > 0.05). Although the other two sample contrasts
revealed that they are very similar overall—that is, the vast
majority of the edges and nodes did not change their im-
pact or role throughout the comparisons, —few differences
were detected. Table 2 summarises these differences be-
tween the samples.

In the two remaining comparisons (TP1 vs. TP2; TP1 vs.
TP3), both showed differences in the NSI and the GSI. In
the case of the GSI, this indicates that one of the com-
pared networks is more strongly interconnected than the
other. Here, TP1 had higher global connectivity in relation
to its counterparts in the analysis, TP2 and TP3. The signif-
icant discrepancy in the NSI can be related to the distinct
edge-weights of the network. There were five edge-weight
differences, all of them were between items of the same
scale and not among distinct measurements (Table 2). For
instance, in TP1 vs. TP2, an increased edge-weight was
found for iGAD4 and iGAD6 for TP1. Something similar hap-
pened between iPHQ2 and iPHQ3 (TP1 < TP2), iFCV1 and
iFCV4 (TP1 > TP3), iFCV4 and iFCV5 (TP1 < TP3), and iGAD1
and iGAD2 (TP1 > TP3). Thus, TP1, TP2, and TP3 networks
were very similar overall. However, some caution in this
interpretation may be adopted, because a few nodes and
edge-weights may receive more attention when compared
to structure or density during pandemic time-points.

Discussion

This is the first study that performed a network analysis
of the fear of Covid-19 and anxiety- and depression-related
symptoms at three different moments of the Covid-19 pan-
demic in Brazil. For this reason, we assessed and compared
three network structures and their indices in three sam-
ples. It was found that there were many aspects of similar-
ity between the networks and estimated indicators, which
suggested an analogy pattern in the first three years of the
pandemic. The main change was detected in the network
density, with a general reduction in the number of edges.
There was a noted increase in anxiety- and depression-re-

lated symptoms in the samples from 2020 to 2022, reinforc-
ing the role of specific nodes and edge-weights per time-
point, unlike what was observed with regard to the fear,
which showed a decrease.

Occurrence of complaints and symptoms

The harmful impact of the pandemic on psychological ad-
justment was realised. Thinking, talking, and listening about
the pandemic were elements that triggered discomfort,
with “being uncomfortable when thinking about Covid-19”
appearing as the most frequent fear indicator in the three
samples. The Infodemic, that is, an overexposure to infor-
mation about Covid-19 (https://www.who.int/health-topics/
Infodemic#tab=tab_1), can help to understand how thinking
about the Covid-19 pandemic has become almost globally
ubiquitous in the last three years. The uncontrolled pro-
liferation of information (including some false or unreal)
contributes to the weakening of a more effective ability to
deal with adversities related to the pandemic (Pan Amer-
ican Health Organisation [PAHO], 2020). This is reinforced
by studies that have already pointed out the deleterious
effect of the news flood on the ability to manage fear, risk
perception, and the consequences of Covid-19, regardless
of whether they are official sources, scientific platforms, or
fake news (Freire et al., 2021; Tentolouris et al., 2021).

The findings showed the lowest frequencies of all nodes
related to the fear of Covid-19 in March 2022 (TP3), which
may be related to the change in the status of the pan-
demic in Brazil. From January 2022, official data reveal a
progressive reduction in the number of cases and deaths
from Covid-19 in the country, especially due to the high
proportion of population the vaccinated or immunised since
the beginning of the pandemic (Fiocruz, 2022). It was also
found that there was a consistently high frequency of anx-
iety symptoms and that the depression-related symptoms
tended to show increment (even starting from high percent-
ages), which suggests that the impact on mental health still
reverberates numerous issues within the pandemic context

Table 2. Edges and Edge-Weights with Statistically Significant Differences in Comparisons of Three Time-points (2020, 2021, and
2022) on Fear of Covid-19 (Fear of Covid-19 Scale, FCV-19S), Anxiety (Generalised Anxiety Disorder 7-item Scale, GAD-7) and Depres-

sion (Patient Health Questionnaire 9-item, PHQ-9)

Time-points and

Edge-Weight  AEdge-Weight!

Conclusion 1

Global Strength AGlobal Strength' Conclusion 2

Edges'

TP1 vs. TP2? (TP1 - TP2) TP1 TP2 (TP1 - TP2)
iGAD4 - iGAD6 0.190-0 0.190 TP1 > TP2

. . 9.18 8.28 0.90 TP1 > TP2
iPHQ2 - iPHQ3 0-0.128 0.128 TP1 < TP2

TP1 vs. TP3® (TP1 - TP3) (TP1- TP3)

iFCV1 - iFCV4 0.412 - 0.303 0.109 TP1 > TP3

iFCV4 - iFCV5 0-0.130 0.130 TP1 < TP3 9.18 8.24 0.94 TP1 > TP3
iGAD1 - iGAD2 0.340 - 0.205 0.135 TP1 > TP3

Notes.

2 Network Invariance Test, p = 0.01; Global Strength Invariance, p = 0.005.
5 Network Invariance Test, p = 0.01; Global Strength Invariance, p = 0.005.

" All p-values < 0.05.

* No comparison presented statistically significant differences in the centrality index (Edge-Weight Strength [EWS]).
T There were no significant differences in the Network Invariance Test and Global Strength Invariance (p > 0.05) in TP2 vs. TP3.
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(i.e., Souza et al., 2020; Wang et al., 2022). Studies from
several countries also highlight the persistence of mental
health problems, even with the reduction of the risk of
contagion and/or death (Ettman et al., 2022). Notably, the
indicator that assesses self-harm and suicidal ideation has
grown since 2020 and another study had also pointed out
similar concerns in Brazil (Faro, Lisboa, et al., 2022), which
reinforces the concern that this emerging issue should be
monitored (WHO, 2022a).

General aspects of the network structure

Overall, interactions within the networks became less
dense when contrasting the time-points. However, a similar
change does not apply to the strength of the links between
the edges and the nodes themselves, because there was
no significant variation in the centrality index in any of the
comparisons. Given this fact, it would be possible to think
that the pandemic had a greater disorganising impact at
its beginning, which is expected (Souza et al., 2020; WHO,
2022a; Yarrington et al., 2021) and can be translated by the
greater number of connections within TP1. However, the
findings suggest the development of more stable ways of
dealing with adversities related to the pandemic (Fluharty
et al., 2021; Shamblaw et al., 2021), which can be illustrat-
ed by the reduction of observed interactions within each
instrument from 2020 to 2022.

Notwithstanding, we hypothesised that the potential
improvement of stress management skills throughout the
pandemic did not significantly minimise the concentration
of effects on certain elements of the networks, such as
edge-weights (e.g., “being afraid” [iFVC1] — “losing life”
[i(FCV4]) and nodes (e.g., “palpitation” [iFCV7] and “feel-
ing down” [iPHQ2]). This suggests a more persistent impact
of pandemic stress on determining aspects of the adaptive
capacity instead of an unspecific repercussion. Hence, a
state of overload in edges and nodes can help to under-
stand the consistently high percentage of anxiety and de-
pression symptoms when comparing the samples. Regarding
the relationships between constructs, fear interacted with
anxiety- and depression-related symptoms in a relatively
balanced way in the samples, ranging from four to five in-
teractions between TP1 and TP2 to three in TP3. Despite
these links, the amount can be considered low, due to the
number of possible edges between the FCV-19S with the
GAD-7 and the PHQ-9 (49 and 63, respectively). This shows
that even while maintaining a relationship, the interplay be-
tween measures was concentrated on a few nodes. An ex-
ample is the symptom “Feeling afraid as if something awful
might happen” (iGAD7); it was important between the fear
of Covid-19 and anxiety in the three samples, which sug-
gests noxious negative expectation and uncertainty during
the pandemic (Seco-Ferreira et al., 2020).

In contrast, no node with a consistent relationship be-
tween symptoms of depression and the fear of Covid-19
was detected in the three samples. The most common was
the edge between “cold hands” (iFCV3) and “psychomotor
changes” (iPHQ8), which appeared in June 2020 (TP1) and
was the only remaining one in March 2022 (TP3). Regarding
psychomotor changes, their relevance in a network analy-
sis had already been observed in other studies during the
pandemic (Wang et al., 2020), indicating their prominent

role in understanding mental disorders during the Covid-19
crisis. Notably, even though lockdown policies and social
distancing may help to explain the peculiar importance of
iPHQ8 in reflecting mental decline (Budimir et al., 2021),
in the current study, this was detected in the latter sam-
ple when more restrictive displacement rules were not in
effect in Brazil. In China, psychomotor changes decreased
after the peak phase of the Covid-19 pandemic, and fewer
restrictions on movement may explain said reduction (Wang
et al., 2020). For this investigation, such an interpretation
cannot be applied. Otherwise, it is possible that endorsing
such depression-related symptoms reflected a fluctuation
of a specific mental impairment over the last years. In par-
ticular, it does not seem to represent an intrinsic response
to physical restrictive health policies but rather a way of
revealing a general psychological discomfort in confronting
the pandemic. For example, feeling “cold hands” (iFCV3)
as an item regarding the fear of Covid-19 with consistent
occurrence between the samples refers to an autonomic
reaction (vasoconstriction) to aversive situations (Hornstein
et al., 2022). Its representativeness in these samples de-
served attention because it was an influential node regard-
ing the presence of some type of connection with anxiety
or depression, despite being, on average, the least frequent
fear complaint.

In terms of better representing each construct per sam-
ple, it sounds plausible to try to relate them to the exter-
nal scenario of the pandemic. In June 2020 (TP1), Brazil
was dealing with the arrival of the disease and the increase
in the number of cases (Castro et al., 2021), evoking the
shared experience of fear through the feeling of palpita-
tion (iFCV7), with the difficulty of controlling preoccupa-
tion (iGAD2) and the presence of sadness or hopelessness
(iPHQ2) when faced with the Covid-19 outbreak. In March
2021 (TP2), the population had been at the peak in the
number of daily deaths from Covid-19, which added to a
new exponential increase in the infection rate (Silva &
Pena, 2021). As a result, difficulties in sleeping (iFCV6), feel-
ing at the limit of their ability to cope (iGAD1), and sadness
or hopelessness (iPHQ2) reflected the stressful experience
throughout that period. In March 2022 (TP3), although there
was an explosion of cases in most of the country (Fiocruz,
2022), the fatality rate was lower, and more than 80% of the
population had received some dose of the Covid-19 vaccine
(Consortium of Press Vehicles [Consdrcio Brasileiro de Veicu-
los de Imprensa], March, 2022, https://sigmaawards.org/
consorcio-de-veiculos-de-imprensa-consortium-of-press-ve-
hicles/). Despite the more favourable scenario, compared
to the previous two years, palpitation (iFCV7) was still
present, with excessive worries (iGAD3) and the feeling of
deterioration (iPHQ4) remaining as echoes of the worst mo-
ments of the pandemic. Accordingly, it is noteworthy that
the assessment of the consonance between the epidemio-
logical moment and the strongest items can help to under-
stand the most important symptoms or complaints in the
structure of the networks over the last three years.

Network comparisons

When contrasted, TP2 and TP3 showed a broad equiv-
alence, which represents proximity between the network
operations for the 2021 and 2022 samples, even though the
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data collections took place one year apart. This finding re-
inforces the idea that there was something akin to a conser-
vation in the strength of the nodes and their interactions,
which would help to explain the prolonged effects, that is,
the increased occurrence of symptoms.

The differences between the networks were concentrat-
ed at TP1 when compared to the other two samples—the
networks for June 2020 (TP1) were denser. As previously
documented, this seems to refer to the disorganising im-
pact of the arrival of the pandemic and its far-reaching con-
sequences in people’s daily lives (i.e., Fluharty et al., 2021;
Wang et al., 2020; Yarrington et al., 2021). More specifi-
cally, only five interactions differed in the relationship be-
tween TP1 and TP2 or TP3. All of them occurred within the
measurements themselves and not between instruments.
In June 2020 (TP1), it was more common to perceive them-
selves as easily irritated (iGAD4) and to have difficulties in
relaxing (iGAD6), which was not observed in March 2021
(TP2). Feeling sad or hopeless (iPHQ2) and changes in sleep
(iPHQ3) were more closely related in March 2021 (TP2),
which was not detected in June 2020 (TP1). To be most
afraid of Covid-19 (iFCV1) and its relationship with fearing
death (iFCV4) was more intense in June 2020 (TP1) than in
March 2022 (TP3). However, the relationship between fear
of death from Covid-19 (iFCV4) and exposure to news about
the pandemic (iFCV5) was more intense in March 2022
(TP3), but did not appear in June 2020 (TP1). Finally, the
interaction between the ability to control worries (iGAD1)
and feeling on edge (iGAD2) was higher at TP1 than at TP3.
These variations in the intensity of the edges reiterate the
notion that these manifestations accompanied the course of
the risk scenario and emotional discomfort insofar as the
pandemic unfolded (Ettman et al., 2022; Shamblaw et al.,
2021). Nonetheless, it is worth noting these findings did not
point to substantial changes in the relationships between
the evaluated constructs, suggesting a pattern for the dy-
namics between fear and anxiety or depression.

Limitations

The generalisation of the findings deserves caution,
considering that the sampling method adopted did not ran-
domise the participants. Besides, this was not a repeated
sample design, although the data were collected at three
different periods of the pandemic, limiting to support expla-
nations of causality. We point out that there was an interval
of approximately 12 months between each data collection,
which does not represent all the epidemiological scenarios
of Covid-19 in Brazil between 2020 and 2022. Thus, the data
collections focused on the more general patterns of data on
the pandemic, which more appropriately applied to the en-
tire country at those times. Another important caveat is
that we did not estimate a differential impact of gender
or age on fear-, anxiety- and depression-related behaviours
in these samples. As we did not have balanced samples by
gender and age mean, it is not possible to conclude about
such effects on the networks. This is a meaningful limita-
tion and, because the literature has also been emphasising
these impacts, we suggest that future studies consider the
aforesaid analysis.

Conclusions

Our findings showed that network analysis may provide
in-depth comprehension of the interplay between the fear
of Covid-19 and anxiety- and depression-related symptoms
at different moments throughout the pandemic. The main
findings seem to reflect a specific dynamic of reinforcement
of some nodes and edges within—and not between—the con-
structs in the last three years. Therefore, we expect these
results will assist clinical practitioners in fostering mental
health care and psychological adjustment, especially in
view of the cognitive and emotional sequelae derived from
the pandemic scenario, which remains until now, and prob-
ably in the years to come, a growing public health concern.
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