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Abstract

The Coronavirus Anxiety Scale (CAS) was recently developed to assess dysfunctional anxiety related to COVID-19. Although
different studies reported that the CAS is psychometrically sound, it is unclear whether it is invariant across countries.
Therefore, the present study aimed to examine the measurement invariance of the CAS in twelve Latin American countries
(Argentina, Bolivia, Chile, Colombia, Cuba, Ecuador, El Salvador, Guatemala, Mexico, Paraguay, Peru, and Uruguay). A
total of 5196 people participated, with a mean age of 34.06 (SD=26.54). Multigroup confirmatory factor analysis (CFA)
was used to examine the measurement invariance of the CAS across countries and gender. Additionally, the graded response
model (GRM) was used to provide a global representation of the representativeness of the scale with respect to the COVID-
19 dysfunctional anxiety construct. The unidimensional structure of the five-item CAS was not confirmed in all countries.
Therefore, it was suggested that a four-item model of the CAS (CAS-4) provides a better fit across the twelve countries
and reliable scores. Multigroup CFA showed that the CAS-4 exhibits scalar invariance across all twelve countries and all
genders. In addition, the CAS-4 items are more informative at average and high levels of COVID-19 dysfunctional anxiety
than at lower levels. According to the results, the CAS-4 is an instrument with strong cross-cultural validity and is suitable
for cross-cultural comparisons of COVID-19 dysfunctional anxiety symptoms in the general population of the twelve Latin
American countries evaluated.
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Introduction

In Latin America, the first diagnosed case of COVID-19 was
reported on February 25, 2020 in Brazil (Rodriguez-Morales
et al., 2020). A few weeks later, every Latin American coun-
try closed their borders and established measures to stop
the spread of the disease within their territories. However,
according to the Coronavirus Resource Center (2021) as
of April 26, 2021, a total of 28,146,902 diagnosed cases
of COVID-19 were reported in Latin America, with Bra-
zil being the most affected country by this pandemic in the
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region, followed by Argentina and Mexico. Similarly, most
deaths from COVID-19 in Latin America occurred in Brazil,
followed by Mexico. Pandemic preparedness varies within
the region and different countries are particularly vulnerable
to the disease due to limited resources in their health sys-
tems, a higher prevalence of chronic diseases, late responses
by populist governments, as well as high rates of poverty
and inequality (Burki, 2020; Pablos-Méndez et al., 2020).
These factors affect the transmission dynamics and impact
of COVID-19 in Latin America, which also has implications
for the dynamics of the pandemic globally (Miller et al.,
2020).

In addition to the social, economic and physical health
consequences, COVID-19 has become a pandemic that has
significantly impacted the mental health and well-being of
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the population worldwide (Hossain et al., 2020). Different
studies have reported the presence of high rates of anxiety
symptoms, depression, post-traumatic stress disorder, psy-
chological distress, suicidal behaviors and ideations, and
sleep problems, among others (Leaune et al., 2020; Salari
et al., 2020; Vindegaard & Benros, 2020). In Latin America,
a recent study, which evaluated the psychological impact
of the COVID-19 pandemic in 58 countries, reported an
increase in anxiety and depression symptoms in 20 countries
in South, North and Central America (Alzueta et al., 2021).
Taken together, the above information highlights the need
to pay more attention to the development of public policies
to support mental health.

Regarding anxiety during the COVID-19 pandemic,
the prevalence worldwide varies between 6.33% to 50.9%
(Pappa et al., 2020; Wu et al., 2020; Xiong et al., 2020),
being higher in women than men (Moghanibashi-Mansou-
rieh, 2020); while in Latin America, the prevalence varies
between 5.6% to 81.9% (Alzueta et al., 2021; Goularte et al.,
2021; Kriiger-Malpartida et al., 2020; Orellana & Orellana,
2020; Paz et al., 2020). However, many of the previous
studies have used instruments that assess general anxiety,
such as the GAD-7, Spielberger State-Trait Anxiety Inven-
tory and the DASS-21. Using these types of instruments
may generate under- or overestimated results, as they do
not aim to identify specific anxiety symptoms associated
with COVID-19 (Ransing et al., 2020). Seeking to overcome
this limitation, instruments have recently been developed to
identify anxiety symptoms related to COVID-19, such as the
Coronavirus Anxiety Scale (CAS, Lee, 2020). The CAS is
one of the most widely used measures in different research
studies worldwide (Reis et al., 2020). Recent studies, using
CAS, have indicated that the prevalence of anxiety related
to COVID-19 varies between 4.9% and 28.7% in different
populations (Caycho-Rodriguez, 2021; Lee et al., 2020a; Lee
et al., 2020b).

In addition to the CAS, other measures of COVID-19
anxiety have been developed, such as The COVID-19 anxi-
ety syndrome scale (C-19ASS, Nikcevi¢ & Spada, 2020),
COVID-19-Anxiety Questionnaire (C-19-A, Petzold et al.,
2020) and two scales named the COVID-19 Anxiety Scale,
one developed in India (Chandu et al., 2020) and another
developed in Brazil (Silva et al., 2020). Unlike the CAS,
which has 5 items, the other measures have 7 items, as is the
case for the COVID-19 Anxiety Scale, 9 items (C-19ASS)
and 10 items (C-19-A). Although these are all relatively
short measures, having a measure with a small number of
items saves assessment time and associated costs (Kemper
et al., 2019), improves participation rates (Edwards et al.,
2004), and decreases fatigue and other negative reactions
that could generate lower data quality (Credé et al., 2012).
Despite the presence of criticisms related to the psychomet-
ric quality of short measures (Credé et al., 2012; Smith et al.,
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2000), for some years now, the development and use of short
measures to assess psychological variables in clinical and
non-clinical contexts has been popularized and generalized
(Kruyen et al., 2013).

Furthermore, the CAS measures a set of physiological
symptoms of anxiety related to COVID-19 (Lee, 2020);
while the other instruments measure the presence of perse-
verative and avoidance thoughts (Nikcevi¢ & Spada, 2020),
fear of social interaction and anxiety about illness (Chandu
et al., 2020), symptoms related to Generalized Anxiety
Disorder such as restlessness or nervousness, tiredness,
difficulty concentrating, irritability, muscle tension, sleep
disturbance and decreased ability to participate in social
activities (Silva et al., 2020), as well as thoughts, feelings
and behaviors related to COVID-19 anxiety (Petzold et al.,
2020). On the other hand, while the CAS measures COVID-
19 anxiety in general contexts, other measures, such as the
Pandemic (COVID-19) Anxiety Travel Scale (PATS; Zenker
et al., 2021), measure anxiety about specific events such as
travel during the pandemic.

The CAS assesses symptoms of dysfunctional anxiety
related to COVID-19, also called coronaphobia. Coronapho-
bia generates increased worry, stress, depression, suicidal
ideation, generalized anxiety, safety-seeking behaviors, and
impaired daily functioning (Arora et al., 2020; Chakraborty
& Chatterjee, 2020; Lee et al., 2020b; Lee et al., 2020c).
The CAS was originally developed and validated in English
(Lee, 2020); however, psychometric properties of versions
of the CAS have been studied in Turkish (Evren et al., 2020),
Bangla (Ahmed et al., 2020), Korean (Choi et al., 2020),
Polish (Skalski et al., 2021), Spanish (Caycho-Rodriguez
et al., 2021b) and Portuguese spoken in Brazil (Padovan-
Neto et al., 2021) and in Portugal (Magano et al., 2021).
Different psychometric studies have indicated that the CAS
is comprised of a single factor and provides highly reliable
scores, with alpha coefficient values ranging from 0.80 to
0.93 and omega coefficient values between 0.80 and 0.88
(Ahmed et al., 2020; Caycho-Rodriguez et al., 2021a, 2021b;
Evren et al., 2020; Magano et al., 2021; Lee, 2020, Lee et al.,
2020Db; Lee et al., 2020c; Padovan-Neto et al., 2021). How-
ever, some studies have suggested the presence of correla-
tions between the errors of items 1 and 4 (Magano et al.,
2021), as well as between items 2 and 3 (Padovan-Neto
et al., 2021), which could mask a misspecified model, due to
the adulterated increase in the fit indices (Dominguez-Lara,
2019); while another study carried out in Mexico suggests a
four-item model, without the inclusion of item number four
(Carrillo-Valdez, 2020). Additionally, it has also been sug-
gested that the unifactorial structure of the CAS is invariant
between groups of different sexes and ages (Ahmed et al.,
2020, Caycho-Rodriguez et al., 2021a, 2021b; Lee, 2020).
In addition, a recent study based on Item Response Theory
suggests that each item in the CAS, especially items 3, 4 and
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5, are able to more accurately assess moderate and high lev-
els of dysfunctional anxiety related to COVID-19 (Caycho-
Rodriguez et al., 2021b).

Despite these important psychometric findings, as far
as is known from the scientific literature, there is no evi-
dence to support the psychometric equivalence of the CAS
between different countries. If an instrument was developed
in one cultural context and is used in a different one, com-
parability of measures cannot be assumed between these
different cultural groups, because psychological constructs
are going to be highly dependent on the cultural context
in which the measurement instruments are used (Li et al.,
2012). For example, previous studies have indicated differ-
ent prevalence rates of anxiety symptoms in countries in the
Americas, Europe, Africa and Asia during the pandemic
(Alzueta et al., 2021) and differences in levels of fear of
COVID-19 in Latin American countries (Caycho-Rodriguez,
et al. 2021a). However, these differences in prevalence rates
may not necessarily be a product of cross-cultural differ-
ences (Scholten et al., 2017). While there are symptoms that
appear in a specific cultural context and others that appear
across cultures (Weiss & Somma, 2007), the presence of
methodological problems may generate biased conclusions
about cross-cultural differences (Bowden & Fox-Rushby,
2003; van de Vijver & Tanzer, 2004). It is often assumed
that an instrument translated from one language to another
assesses the construct in the same way in different cultures
(Byrne, 2016). However, a major challenge in cross-cultural
research in psychology is to understand that cultural com-
parisons are not free of bias if there is no evidence that,
across cultural contexts, measures operate in the same way,
however, not all researchers are aware of this problem and
its practical implications (Fischer & Karl, 2019). Therefore,
if one wishes to use the CAS to estimate and compare the
prevalence of dysfunctional anxiety in different countries,
it is important to demonstrate the measurement invariance
(MI) of the instrument.

Demonstrating MI is a prerequisite for valid cross-cul-
tural comparisons; however, this type of study still receives
little attention despite increased interest in cross-cultural
research (Boer et al., 2018). MI is a procedure that seeks to
demonstrate the extent to which self-report items express the
same meaning, and whether responses to them load on the
same factors, across languages or other groups (e.g., gen-
der and age) where they are applied (Vandenberg & Lance,
2000). Therefore, the absence of MI may generate biased
conclusions about possible cross-cultural differences (Spec-
tor et al., 2015). In this sense, MI assesses equivalence as
an inherent property of a measurement instrument (Davidov
et al., 2014). Generally, there are three basic levels of MI:
configural invariance, which seeks to determine whether the
factor structure of a scale is similar between the different
groups compared without imposing equality restrictions on

the model parameters; metric invariance, which assesses
whether the factor loading of the items are also similar
between groups, which would allow for comparing variances
and correlations between variables between groups; and sca-
lar invariance, which assesses whether the factor loadings
and intercepts of the items are equal between groups, which
would allow for comparison of latent means, factor variances
and covariances between groups (Meredith, 1993). If MI
reports items that are not invariant at the metric or scalar
level, it cannot be concluded that the items of the instrument,
in this case the CAS, measure the same construct equally
across different groups. The absence of MI may result from
differences in the construct measured, called construct bias,
methodological problems such as familiarity with the item
format (measurement bias) or item content difficulties, or
item bias, leading to cross-cultural differences in interpreta-
tion (Byrne, 2016; van de Vijver & Tanzer, 2004).
Although MI has been a suggested procedure within
cross-cultural studies for several decades (Vandenberg &
Lance, 2000), instruments assessing mental health symp-
toms with evidence of cross-cultural MI are scarce (Scholten
et al., 2017). An example of this, within the context of the
COVID-19 pandemic, is the Fear of COVID-19 Scale whose
cross-cultural MI was assessed in seven Latin American
countries (Caycho-Rodriguez et al., 2021a) and eleven coun-
tries in Asia, the Americas, Europe and Oceania (Lin et al.,
2021). Based on the limited information to date, it is not
possible to draw a general conclusion on the MI of the CAS
across countries. Therefore, in this study we examined the
MI of the CAS in 12 Latin American countries. The fac-
tor structure of the CAS was explored in depth, comparing
one-factor models with five and four items. Due to previous
findings reporting the presence of a unifactorial structure
(Ahmed et al., 2020; Caycho-Rodriguez et al., 2021a, 2021b;
Evren et al., 2020; Magano et al., 2021; Lee, 2020; Lee et al.,
2020b; Lee et al., 2020c; Padovan-Neto et al., 2021) and the
cultural uniqueness of the participating countries’ samples
(Hofstede, 2001), the presence of at least partial invariance
was expected. Furthermore, previous psychometric results
of the CAS were conducted with procedures based on Clas-
sical Test Theory (CTT), and only one previous study con-
ducted in Peru combined the use of CTT and Item Response
Theory (IRT) models (Caycho-Rodriguez et al., 2021b). In
this sense, this study also evaluated the characteristics and
performances of the CAS items based on the Item Response
Theory (IRT) model. IRT provides information on item
difficulty and discrimination, independent of the sample
(Crocker & Algina, 1986), thus identifying items that con-
tribute most to measurement accuracy (Cooper & Petrides,
2010). In recent years, the use of IRT models has been rec-
ommended to improve measurement in psychiatry (Adler
& Brodin, 2011). Findings based on the CTT model would
facilitate corroborating previous psychometric evidence of
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the CAS; whereas findings based on IRT would provide a
better understanding of its psychometric properties.

Once the MI of the CAS measurement between coun-
tries was tested, we proceeded to evaluate the MI of the
CAS between groups of different sexes. Based on previous
results, the MI of the CAS between male and female groups
was expected (Ahmed et al., 2020, Caycho-Rodriguez et al.,
2021b; Lee, 2020). Additionally, CAS scores were compared
between different countries and sexes. Due to cultural dif-
ferences and the different actions and policies carried out
by Latin American governments, differences in COVID-19
anxiety levels would be expected in the countries assessed
(Lin et al., 2021). Additionally, women were expected to pre-
sent higher CAS scores than men, due to the higher probabil-
ity of presenting anxiety symptoms during the COVID-19
pandemic (Moghanibashi-Mansourieh, 2020; Pappa et al.,
2020).

The assessment of the MI of the CAS is especially impor-
tant, as cultural differences could affect how individuals
understand the self-report items designed to assess dysfunc-
tional anxiety related to COVID-19. In addition, it is hoped
that the assessment of CAS MI in 12 Latin American coun-
tries will contribute to the cross-cultural applicability of the
instrument and expand the still small number of instruments
available for cross-cultural comparisons of mental health
symptoms during this COVID-19 pandemic, and other future
pandemics.

Method
Participants

A total of 5196 people from 12 Latin American countries
(Argentina, Bolivia, Chile, Colombia, Cuba, Ecuador, El
Salvador, Guatemala, Mexico, Paraguay, Peru and Uruguay)
participated, selected by non-probabilistic convenience sam-
pling. To participate in the study, individuals had to be of
legal age in each country and have given informed consent.
The minimum number of participants in each country was
calculated using Soper software (Soper, 2021), taking into
account the number of observed variables (5 items) and
latent variables (1 variable) of the model to be evaluated,
the anticipated effect size (A=0.3), the probability («=0.05)
and the statistical power (1 - $=0.95) with a result of 100
participants per country. Each of the 12 countries in the
study had more than this minimum number of participants.

The average number of participants within each coun-
try was 433 people and ranged from 253 (Bolivia) to
Paraguay (880). Of the total number of participants, 3677
were female, 1509 were male, 9 were transgender, and 1
person did not state their gender, with an average age of
34.06 (SD=26.54), while 3450 reported not having had
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COVID-19. Country-specific demographic information is
shown in Table 1.

Instrument
Demographic Information

An ad hoc questionnaire was developed to collect demo-
graphic information from the participants regarding their
age, sex, marital status, educational level, type of work and
COVID-19 diagnosis.

COVID-19 Anxiety

We used the Coronavirus Anxiety Scale (CAS, Lee, 2020),
which is a self-report instrument that measures the fre-
quency with which a person experiences dysfunctional anxi-
ety related to COVID-19. The validated Spanish version of
the CAS was used in this study (Caycho-Rodriguez et al.,
2021b). The CAS is comprised of five items that have five
response options from O (not at all) to 4 (almost every day in
the last 2 weeks). The sum of the scores for each item gener-
ates a total score ranging from 0 to 20, where a higher score
indicates greater dysfunctional anxiety related to COVID-
19. Likewise, a cutoff score >9 (90% sensitivity and 85%
specificity) allows for categorizing between people with and
without dysfunctional anxiety related to COVID-19.

Procedure

This article uses data from the International Collabora-
tive Study on the Mental Health Effects of the COVID-19
Pandemic in 13 Latin American countries. Data were col-
lected simultaneously in all countries between February
and March 2021. Most of the participating countries were
from South America (Argentina, Bolivia, Chile, Colombia,
Paraguay, Uruguay and Peru), with only a few from Central
and North America (Cuba, Ecuador, El Salvador, Guatemala
and Mexico). The data collection procedure was the same
in all twelve countries. Thus, the invitation to participants
was made through social networks (Facebook, Twitter, and
Instagram) and email. The invitation had a link attached
containing a questionnaire using the Google Forms plat-
form, where the objective of the study, the informed con-
sent and contact information in case there were any doubts
in the research process were noted in an introductory sec-
tion. In addition, the confidentiality of the data was guar-
anteed and the freedom to withdraw from the study at any
time was assured. The questionnaire took between 15 and
20 min to complete. The project was approved by the Ethics
Committee of the Universidad Privada del Norte in Peru
(FCS_CEI/547-10-21).
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Table 1 (continued)

&

Uruguay
=383)

(n

Peru
(n=360)

Paraguay
=880)

(n

Mexico
(n=303)

Guatemala
=325)

(n

El Salvador
=700)

(n

Ecuador
=451)

(n

Cuba
(n=317)

Colombia
=373)

(n

526)

Chile
(n=

Bolivia
=253)

(n

Argentina
=325)

(n

Springer

320 (83.6)
5(1.3)

205 (56.9)
53 (14.7)
28 (7.8)

558 (63.4)
94 (10.7)
96 (10.9)

198 (65.4)
27 (8.9)

257 (79.1)
24 (7.4)

349 (49.9)
178 (25.4)

60 (8.6)

286 (63.4)
52 (11.5)

275 (86.8)
9(2.8)

211 (56.6)
54 (14.5)
39 (10.5)

438 (83.3)
15 2.9)
43 (8.2)

137 (54.2)
28 (11.1)

216 (66.5)
19 (5.9)

No

Maybe yes

48 (12.5)

31(10.2)

16 (4.9)

40 (8.9)

28 (8.8)

40 (12.3) 14 (5.5)

Maybe no

Data Analysis

First, we examined the descriptive statistics at the item
level. Specifically, we calculated the mean, standard devia-
tion, skewness and kurtosis of each item for each country
separately. Next, a series of single-group confirmatory fac-
tor analyses (CFAs) were conducted. The initial 5-item
unidimensional model was conveniently found to have
acceptable model fit for most countries. This was evaluated
using approximate fit indices: the comparative fit index
(CFI > .95), the Tucker-Lewis index (TLI> .90), the root-
mean-square error of approximation (RMSEA< .08), and
the standardized root-mean-squared residual (SRMR < .08)
(Hu & Bentler, 1999). The specific CFI, TLI, and RMSEA
values reported in this study were robust versions of these
indices, since a robust maximum likelihood (MLR) estima-
tor was also used (Brosseau-Liard et al., 2012; Brosseau-
Liard & Savalei, 2014). Although a nonlinear estimator
(e.g., WLSMV) is usually preferred for analyzing ordinal
scale variables (Brown, 2015; Li, 2016), in the present study
the MLR estimator was chosen for two reasons: 1) simula-
tion studies have shown that, when there are five or more
response options, both types of estimators provide very
similar results (Rhemtulla et al., 2012); and 2) also through
simulations, it has been observed that the WLSMYV estimator
presents limitations when the objective is to perform invari-
ance analysis, since, this method tends to present higher
rates of type I and II errors and prevents the possibility of
using pragmatic criteria (e.g. ACFI) to evaluate the lack
of invariance (Sass et al., 2014). Thus, because this study
analyzed a scale whose items had 5 response options, and
furthermore our main objective was to examine measure-
ment invariance, it was decided to use the MLR estimator
for the CFAs.

After an acceptable baseline model was selected, meas-
urement invariance was analyzed regarding country and
gender. Since the groups were very unbalanced, a special
sub-sampling approach was followed (Yoon & Lai, 2018).
This procedure consists of sampling an equal number of
individuals from the smallest group in the other groups and
performing the invariance analysis on these groups of equal
size. This process is repeated a large number of times (in
the present study, 100) and, finally, the values obtained in
all replications are averaged (for a detailed description, see
Yoon & Lai, 2018). Lack of invariance was judged based on
two pragmatic criteria: IACFIl > .01 and IARMSEAI>.015
(in the direction of worse fit), but the more conservative AXZ
is also reported (Chen, 2007; Cheung & Rensvold, 2002).
First, configural invariance was examined with a multigroup
confirmatory factor analysis in which no equality restrictions
were set between groups (Brown, 2015; Dimitrov, 2010).
Then, taking the configural model as a baseline, metric and
scalar invariance were examined by imposing increasing
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restrictions (equal loadings and equal intercepts, respec-
tively) on a baseline configural model. Structural invariance
was also examined by restricting the latent means to be equal
across groups (Dimitrov, 2010).

In order to examine group differences in a convenient
way, composite scores were created by averaging the indica-
tors of the final model. Due to the large sample size, effect
sizes were preferred over inferential tests to judge the mag-
nitude of the differences. We chose to examine standardized
mean differences as a descriptive approach to differences
between groups, instead of resorting to inferential tests
such as t-tests. This methodological decision follows a long
tradition that questions the use of statistical significance as
the main tool for decision making (Cohen, 1994). Also, we
decided to work with composite scores (i.e., observable vari-
ables), rather than at the level of latent variables, because the
latter would imply taking one reference group against which
all other groups would be compared (Sass, 2011). Since it is
not plausible to take a single country as the reference group,
and yet it was of interest to examine the differences between
all possible pairs of countries, we chose to make compari-
sons using the composite measures. Specifically, Hedges’s
g was used, aided by the visual inspection of the boxplots.

Internal consistency reliability was also examined. While
Cronbach’s alpha was estimated, it has been shown that this
coefficient may be limited in some situations (Dunn et al.,
2014). Thus, the omega coefficient was also calculated.

Finally, in order to analyze the CAS’s psychometric func-
tioning more thoroughly, a graded response model (GRM)
was fitted to the data (Samejima, 2016). This model esti-
mates one discrimination parameter (a), as well as k-1 diffi-
culty parameters (), per indicator, where k is the number of
response options (in this case, 5). The a parameters indicate
the extent to which the item correctly distinguishes between
people with lower or higher levels of the construct. The
higher the discrimination parameter of an item, the clearer
the relationship between a person’s level in the measured
attribute (0) and his or her response to that item (Hambleton
et al., 2010). On the other hand, the b parameters indicate
at what level of the latent variable (0) individuals will have
a probability of .50 of responding to some response option
higher than that indicated by the parameter. Information
functions can also be obtained from the estimated coeffi-
cients, and they can be plotted to provide a global represen-
tation of the measure’s representativeness with respect to the
construct of interest (Edelen & Reeve, 2007). Indeed, infor-
mation can be understood in a similar way to the traditional
concept of reliability, so the information curves allow us to
observe at which levels of the construct (0) the test presents
higher psychometric quality (Furr, 2018).

All analyses were performed with the R program (ver-
sion 4.0.3). CFA and reliability estimates were performed
with the lavaan (version 0.6—8; Rosseel, 2012) and semTools

(0.5-3; Jorgensen et al., 2020) packages, respectively. The
graded response model was performed with the mirt package
(version 1.33.2; Chalmers, 2012).

Results
Item-Level Descriptive Statistics

Table 2 presents the descriptive statistics of each item
separately. It can be seen that all the items were positively
skewed and had large standard deviations (compared to their
means). Notably, items 4 and 5 (both related to stomach
discomfort) were severely skewed and kurtotic in all coun-
tries. They were also the items that had the lowest standard
deviations, indicating limited variability.

Single-Group Confirmatory Factor Analysis

A strictly unidimensional model was tested with CFA. The
fit of this model was acceptable for some countries but rather
bad for others, especially Bolivia, Cuba, Guatemala, and
Uruguay (Table 3). Thus, modification indices were exam-
ined and it was evident that the residuals of items 4 and 5
were not independent. As a result, two new models were
tested—one removing item 5 (Model 2) and the other remov-
ing item 4 (Model 3). As can be seen in Table 3, Model 2
had excellent fit in all countries, except for Uruguay, which
had nonetheless acceptable fit according to most indices.
On the other hand, Model 3 had sub-optimal fit in some
countries, especially Mexico and Uruguay. Therefore, we
selected Model 2 as the baseline for the following analyses.

Internal Consistency Reliability

The results from the CFAs reported in Table 3 were used to
estimate reliability of the CAS-4 in each country. The stand-
ardized factor loadings, as well as coefficients alpha and
omega, are presented in Table 4. The scale had good internal
consistency reliability in all countries (a >.78, ® > .80).

Measurement Invariance and Mean Comparison
by Country

Next, MI by country was examined. The ACFI criterion (but
not the ARMSEA and the AXZ) suggested that metric and
scalar invariance were met (Table 5). This allowed us to
test whether means were equal across groups. As shown in
Table 5, model fit did get significantly worse when latent
means were constrained to be equal (IACFII >.01).

To examine mean differences, composite variables were
created by averaging the 4 final items of the CAS (CAS-
4). To ease interpretation, Fig. 1 presents a graphical
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Table 2 Item-level descriptive

o . Country Statistics Item 1 Item 2 Item 3 Item 4 Item 5
statistics of the coronavirus

anxiety scale Argentina (n=325) M 0.60 0.54 0.54 0.21 0.29
SD 0.98 0.93 0.93 0.60 0.69
g 1.80 1.94 1.81 3.49 2.96
g5 2.83 3.40 2.80 13.89 9.65
Bolivia (n=253) M 0.97 0.97 0.99 0.64 0.68
SD 1.08 1.12 1.12 0.96 0.98
g 1.13 1.06 1.04 1.61 1.47
g5 0.70 0.30 0.27 2.19 1.61
Chile (n=526) M 0.69 0.90 0.76 0.44 0.59
SD 1.00 1.12 1.00 0.79 0.93
8 1.48 1.11 1.36 1.98 1.72
g5 1.58 0.35 1.33 3.86 2.51
Colombia (n=373) M 0.69 0.69 0.76 0.48 0.47
SD 1.02 1.09 1.10 0.95 0.94
g 1.41 1.61 1.37 2.16 2.05
8 1.12 1.71 0.94 4.08 3.49
Cuba (n=317) M 0.66 0.58 0.76 0.23 0.31
SD 1.05 0.95 1.07 0.63 0.71
g 1.67 1.73 1.53 3.37 2.59
I 2.14 2.58 1.72 12.61 6.58
Ecuador (n=451) M 0.91 0.93 0.98 0.68 0.74
SD 1.13 1.16 1.15 1.08 1.09
8 1.19 1.11 1.00 1.69 1.49
I 0.57 0.23 0.02 2.12 142
El Salvador (n="700) M 0.92 0.98 1.08 0.76 0.71
SD 1.13 1.24 1.25 1.16 1.09
8 1.14 1.09 1.00 1.50 1.53
I 0.42 0.08 —-0.06 1.27 1.44
Guatemala (n=325) M 0.84 0.79 0.95 0.57 0.61
SD 1.12 1.08 1.17 1.00 1.03
g 1.18 1.21 1.04 1.88 1.62
g 0.36 0.47 0.00 2.90 1.59
Mexico (n=303) M 0.70 0.79 0.74 0.47 0.50
SD 1.02 1.13 1.02 0.89 0.89
g 1.44 1.37 1.43 1.99 1.90
8 1.45 0.95 1.43 3.40 3.13
Paraguay (n=_880) M 0.76 0.63 0.75 0.40 0.43
SD 1.04 1.02 1.06 0.81 0.82
8 1.48 1.67 1.50 2.33 2.18
g 1.69 2.07 1.60 5.33 4.70
Peru (n=360) M 0.99 0.87 091 0.68 0.66
SD 1.11 1.06 1.08 1.02 0.99
g 1.09 1.17 1.13 1.58 1.63
g 0.47 0.66 0.44 1.83 2.16
Uruguay (n=383) M 0.48 0.37 0.40 0.19 0.22
SD 0.87 0.82 0.77 0.65 0.66
g 2.17 2.61 222 4.08 3.69

g 4.71 6.74 5.32 17.84 14.92

M =Mean; SD=Standard Deviation; gl =Skewness; g2 = Kurtosis

@ Springer



Current Psychology

Table 3 Single-group
confirmatory factor analyses of
the coronavirus anxiety scale

Model Country Xz df P CFI TLI RMSEA SRMR
1 Argentina 14.91 5 .011 97 94 12 .04
Bolivia 28.49 5 <.001 .94 .89 17 .04
Chile 24.12 5 <.001 97 .94 12 .03
Colombia 28.21 5 <.001 .96 .93 15 .03
Cuba 78.69 5 <.001 .86 72 23 .07
Ecuador 11.70 5 .039 .99 .98 .08 .02
El Salvador 27.47 5 <.001 .98 .96 11 .02
Guatemala 37.90 5 <.001 .94 .89 .19 .04
Mexico 14.14 5 .015 97 95 11 .03
Paraguay 30.47 5 <.001 98 95 12 .03
Peru 17.08 5 .004 .98 .96 11 .03
Uruguay 33.06 5 <.001 91 .82 22 .05
2 Argentina 222 2 329 1.00 1.00 .02 .01
Bolivia 0.07 2 967 1.00 1.02 .00 .00
Chile 2.90 2 .235 1.00 .99 .04 .02
Colombia 4.36 2 113 .99 .98 .08 .02
Cuba 0.16 2 923 1.00 1.04 .00 .01
Ecuador 0.87 2 .649 1.00 1.01 .00 .01
El Salvador 0.40 2 .819 1.00 1.00 .00 .00
Guatemala 0.41 2 813 1.00 1.01 .00 .01
Mexico 2.10 2 .350 1.00 1.00 .02 .02
Paraguay 2.48 2 .290 1.00 1.00 .02 .01
Peru 4.53 2 .104 .99 .98 .08 .02
Uruguay 7.05 2 .029 .99 .96 11 .03
3 Argentina 0.04 2 981 1.00 1.03 .00 .00
Bolivia 7.09 2 .029 .98 .95 11 .03
Chile 2.86 2 .239 1.00 .99 .04 .02
Colombia 1.89 2 .389 1.00 1.00 .00 .01
Cuba 1.22 2 .545 1.00 1.02 .00 .02
Ecuador 0.16 2 924 1.00 1.02 .00 .00
El Salvador 1.69 2 430 1.00 1.00 .00 .01
Guatemala 2.89 2 236 1.00 .99 .05 .01
Mexico 10.24 2 .006 97 91 15 .04
Paraguay 0.81 2 .666 1.00 1.00 .00 .00
Peru 4.66 2 .097 .99 .98 .09 .02
Uruguay 18.88 2 <.001 97 .90 18 .03

The estimator was robust maximum likelihood (RML). CFI=comparative fit index; RMSEA =root-mean-
square error of approximation; SRMR = standardized root-mean-square residual; CI=confidence intervals.
In Model 1, a strictly unidimensional model with all 5 original items was tested. Model 2 removed item 5

from the model. Finally, Model 3 included item 5 but deleted item 4

representation of the CAS scores by country. Most differ-
ences were either negligible or small, but some of them
were of moderate size. Specifically, Argentina had lower
scores than Bolivia (g=0.52) and El Salvador (g=0.52).
Similarly, Uruguay presented clearly lower scores than
Bolivia (g=0.69), Ecuador (g=0.62), El Salvador
(g=0.66), Guatemala (g =0.53), and Peru (g=0.63).

Measurement Invariance and Mean Comparison
by Gender

MI by gender was also examined. For this analysis, only two
genders (female and male) were included due to sample size
limitations. According to the ACFI criterion, scalar invari-
ance was found (Table 5). Also, model fit did not worsen
to a large degree when latent means were constrained to be
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Table 4 Factor loadings and

. . D Country Items a ®

internal consistency reliability

of the coronavirus anxiety scale 1 2 3 4
Argentina .68 .85 .83 .65 .83 .85
Bolivia .63 .81 .82 77 .84 .84
Chile .67 .81 .84 .70 .84 .85
Colombia 72 .87 .82 .84 .88 .89
Cuba .67 8 75 57 78 .80
Ecuador 73 .85 .87 81 .89 .89
El Salvador 7 .86 .84 81 .89 .89
Guatemala 73 .84 .86 17 .88 .88
Mexico 71 .81 .81 73 .85 .85
Paraguay .76 .85 .83 73 .87 .87
Peru .76 77 .88 77 .87 .87
Uruguay 71 .81 .87 71 .85 .86

Completely standardized factor loadings are presented. The estimator of the confirmatory factor analysis

was maximum likelihood

Table 5 Measurement and

. . Model
structural invariance of the

Grouping variable

coronavirus anxiety scale Country

Configural
Metric
Scalar

Equal means
Gender Configural
Metric
Scalar

Equal means

2 df CFI RMSEA Ax* Adf ACFI ARMSEA
27.67 24 1.00 .03

96.78*** 57 99 07 69.36%% 33 —01 .04
178.209%* 90 98 .08 96.33**% 33  —01 .01
275.11%%* 101 .95 .10 106.59%% 11 —.02 .02
3.63 4 1.00 .01

12.24 7 100 .03 9.30% 30 .02
2347% 10 1.00 .04 1527 3 0 01
4531%% 11 .99 .06 35.60%*% 1 —01 .02

Yoon and Lai’s (2018) subsampling approach with 100 replications was followed. CFI=comparative fit
index; RMSEA =root-mean-square error of approximation

* p<.05 *5p<.01 **%p< 001

equal. This was confirmed by the fact that the mean differ-
ence of the composite score between males and females was
small (d=0.21).

Graded Response Model

A graded response model was fitted to the data. As presented
in Table 6, item 3 was the most discriminative. While the
four proposed items reasonably covered part of the con-
struct’s spectrum, it is also clear that the items are more
difficult at high levels of the latent variable (i.e. it is more
probable to choose lower options than it is to choose the
highest ones, even if the respondent’s level of anxiety is not
particularly low).

Figure 2 presents the item information curves for each
GRM. This confirms what was previously observed when
examining item difficulties: it seems that the CAS-4 is more
informative at average-to-high levels of the construct than
it is at lower levels.

@ Springer

Discussion

The results of the confirmatory factor analysis (CFA)
indicated that the original single factor model of the
CAS showed an acceptable fit for some countries, but
poor fit for others (such as Bolivia, Cuba, Guatemala and
Uruguay). Therefore, we can say that the original CAS
model was not replicated in these countries. In response
to this finding, the modification indices were evaluated,
where it was identified that the residuals of items 4 and 5
were not independent. The presence of a dependence of
residuals in factor models has been previously reviewed
in the specialized literature (Dominguez-Lara, 2019) and
seems to suggest similarity in item content, task demands,
measurement errors, and response style (Brown, 2015).
Likewise, this may be generated by factors beyond the
construct to be assessed, such as irrelevant content fac-
tors, item phrasing and/or item closeness in the assessment
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Fig. 1 Boxplots Comparing Scores of the Coronavirus Anxiety Scale
by Country

protocol (Dominguez-Lara & Merino-Soto, 2017). Indeed,
both item 4 (“I lost interest in eating when I thought about
or was exposed to information about the coronavirus”)
and item 5 (“I felt nausea or stomach problems when I
thought about or was exposed to information about the
coronavirus”) refer to appetite and nausea problems as a
consequence of exposure to information about COVID-19.
Bodily sensations, such as those mentioned in items 4 and
5, as well as interpretation can be influenced by differ-
ent events, such as information coming from the media
(Jungmann & Witthoft, 2020). Also, during a virus out-
break, bodily sensations are more likely to be intensified
in accordance with this context (Blakey & Abramowitz,
2017). In this regard, items 4 and 5 could be revised, modi-
fied, or deleted in future versions of the CAS.

As a result, two new models were proposed: Model 2,
where item 5 was eliminated, and Model 3, where item 4
was eliminated. Model 3 did not show an optimal fit in some
countries, such as Mexico and Uruguay; while model 2 had
an excellent fit in all countries, except Uruguay (which had

ltem1 ——
ltem2 ——-

Information

Level of anxiety

Fig.2 Item Information Curves of the Coronavirus Anxiety Scale.
Note. On the x-axis, the latent variable (0) level is represented in
terms of standard deviations from the zero mean value

an acceptable fit in most of the fit indices). For this rea-
son, it is suggested that model 2 (CAS-4) is the best fit for
the Latin American countries evaluated. Another study has
also indicated that the Spanish version of the five-item CAS
does not show adequate performance, suggesting that a four-
item model (with the absence of item 4) presents a better fit
(Carrillo-Valdez, 2020). A model with correlated errors of
items 4 and 5 was not evaluated because it may produce an
over- or underestimation of reliability due to the presence
of variance not associated with the construct and generate a
bias in the interpretation of measurement precision (Yang &
Green, 2010). On the other hand, the results on the reliability
of the CAS-4 were excellent in all countries, with alpha and
omega coefficient values above .80. This is in agreement
with what was reported in the other four-item version of the
CAS (Carrillo-Valdez, 2020), as well as in the findings of the
original version in different contexts (Ahmed et al., 2020;
Caycho-Rodriguez et al., 2021a, 2021b; Evren et al., 2020;
Magano et al., 2021; Lee, 2020; Lee et al., 2020b; Lee et al.,
2020c; Padovan-Neto et al., 2021).

Furthermore, the evaluation of the factor structure of the
CAS-4 by multigroup analysis supported configural invari-
ance; therefore, dysfunctional anxiety related to COVID-
19, as described and evaluated in this research study, has a
uniform meaning in the twelve countries evaluated. How-
ever, this level of invariance does not allow us to guaran-
tee the comparability of CAS-4 scores. The findings on
metric invariance suggest that all items can be interpreted

Table 6 Parameters of the graded response models (grm) of the coronavirus anxiety scale

Item a b, b, bs b,
1. I felt dizzy, lightheaded, or faint when I read or listened to news about the coronavirus 231 015 1.01 1.75 234
2. I had trouble falling or staying asleep because I was thinking about the coronavirus 332 022 089 151 2.08

3. I felt paralyzed or frozen when I thought about or was exposed to information about the coronavirus ~ 3.46  0.09  0.88 148 2.04

4. I lost interest in eating when I thought about or was exposed to information about the coronavirus 3.02 0.63 .32 1.87 235
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and answered in a similar way; therefore, a change in dys-
functional anxiety related to COVID-19 causes the same
change in CAS-4 scores in the twelve countries evaluated.
Finally, scalar invariance would indicate that the relationship
between observed and latent CAS-4 score is invariant across
countries. The findings provide additional information on
the CAS-4, given that its equivalence between different
countries had not been evaluated previously, not even in its
original five-item version. Thus, it is possible to argue that
the possible comparisons between the countries evaluated
are valid, since the CAS-4 scores have the same meaning
among individuals in the twelve countries.

The presence of scalar equivalence is a necessary condi-
tion for comparing CAS-4 means across countries (Steen-
kamp & Baumgartner, 1998). Thus, when comparing dys-
functional anxiety related to COVID-19 among the twelve
Latin American countries included, it was found that most
of the differences were insignificant or small; however, Uru-
guay presented the lowest mean score, while Peru is one of
the countries with the highest presence of dysfunctional anx-
iety symptoms related to COVID-19. In the case of Uruguay,
the low presence of COVID-19 related dysfunctional anxiety
symptoms is likely associated with the government’s suc-
cessful handling of the pandemic. Also, having a relatively
small population (approximately 3.5 million inhabitants)
facilitated the control of disease transmission, making Uru-
guay one of the countries with the lowest rate of COVID-19
diagnoses and deaths (Taylor, 2020). In the case of Peru,
the findings can be explained by the fact that, at the time of
data collection for this study, the country was in one of the
most difficult moments of the so-called “second wave” of
the pandemic, which could have generated greater fear and
anxiety about the disease. The number of infections tripled
in the month of February 2021, going from 1688 cases per
day in the last week of December 2020 to 5668; in addition,
the number of deaths increased from 51 per day during the
last week of December 2020 to 180 in the first weeks of Feb-
ruary 2021; while in hospitals, the number of people hos-
pitalized for COVID-19 went from 3900 in mid-December
to 11,715 in February 2021. This is supported by results
from previous studies in Latin America where they indicate
that an increase in COVID-19 severity is associated with
a dramatic increase in fear and anxiety levels (Feter et al.,
2021). Added to this, the limited resources available to the
Peruvian health system, late responses from the government
(Herrera-Anazco et al., 2021) and scandals about the misuse
of vaccines (Chauvin, 2021) generated greater uncertainty
and distrust among the people.

Differences in average scores of dysfunctional anxiety
related to COVID-19 may be explained by cultural differ-
ences and available information about the consequences
of COVID-19 in each country (Biuerle et al., 2020). In
addition, people may experience different feelings and
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perceptions due to the different impacts of COVID-19 in
their countries. For example, at the time the study data were
collected, some countries, such as Argentina and El Sal-
vador, were in a progressive reopening of their economic
activities, causing an increase in the rate of contagion. In
Chile, the study was conducted during an explosive increase
in the number of new infections, due to the end of the sum-
mer period and the false perception of security in the popu-
lation as a result of the successful start of the vaccination
campaign. This led to the tightening of existing sanitary
measures that left 96% of the Chilean population in social
isolation, while there was a strong recession and an unem-
ployment rate that reached 10.4%. Cuba was in a phase of
resurgence (second wave) characterized by the high number
of people infected with the virus, much higher than in the
first stage of the disease. Colombia was going through the
end of their second wave of infection, which resulted in a
decrease in the number of infections and deaths, as well as
the economic reopening in most sectors and the gradual and
progressive return to on-site classes in private schools and
universities, under the alternation modality.

Additionally, scalar invariance of the CAS-4 according
to gender was reported, which supports results previously
found in other countries with the original five-item ver-
sion of the CAS (Ahmed et al., 2020, Caycho-Rodriguez
et al., 2021b; Lee, 2020). Therefore, it is possible to state
that men and women from the twelve countries understand
the dysfunctional anxiety related toCOVID-19 construct in
the same way. This finding indicates that the CAS-4 can be
reliably used to assess and compare dysfunctional anxiety
related to COVID-19 in men and women in the countries
involved. The comparison of dysfunctional anxiety related
to COVID-19 indicated a small difference between both
sexes with a higher level found in females. This result is
expected according to previous literature (Ahmed et al.,
2020, Caycho-Rodriguez et al., 2021b; Evren et al., 2020),
where women have even come to present anxiety levels
three times higher than men during the current pandemic
(Wang et al., 2021). This could be because men and women
respond differently to stressors during the pandemic, which
may cause women to misinterpret their own feelings and
be more vulnerable to experience other negative emotions
such as depression (Nakhostin-Ansari et al., 2020; Ozdin
& Bayrak Ozdin, 2020). In addition to gender differences
in susceptibility to elevated levels of anxiety, it has been
suggested that other consequences of the pandemic, such as
financial problems, increased child care and schooling, care
for sick family members, and decreased job opportunities,
may be more detrimental to women than to men (Wenham
et al., 2020).

The IRT-based results allow us to evaluate the perfor-
mance of the CAS-4 items. Thus, it is suggested that item
3 (“I felt paralyzed or frozen when I was thinking about
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or exposed to information about the coronavirus”) has the
best discrimination capacity, which would indicate that this
item can distinguish more clearly between individuals with
different levels of dysfunctional anxiety related to COVID-
19. This result agrees with what was reported in the Peru-
vian validation where, based on IRT, it was indicated that
item 3 was one of those that allowed for a better and more
accurate assessment of those individuals with moderate and
high levels of dysfunctional anxiety related to COVID-19
(Caycho-Rodriguez et al., 2021b). Previously, it has been
shown that each of the CAS items represent physiologi-
cal symptoms related to clinical symptoms of anxiety and
fear (Lee, 2020). However, individuals’ responses to item 3
would provide more information about dysfunctional anxiety
related to COVID-19, because motor immobility (expressed
in item 3) is an involuntary fear response (Marx et al., 2008)
that is typically expressed in people who have gone through
traumatic situations, such as the COVID-19 pandemic (Lee,
2020). Thus, people with dysfunctional anxiety related to
COVID-19 will respond higher to this item compared to
those who do not present this condition. The other items
also present similar discrimination parameters; moreover,
the difficulty required to respond to each of the four items
is always ascending, which is to be expected in measures
of psychological distress. Therefore, a higher presence of
the latent trait (in this case, dysfunctional anxiety related to
COVID-19) is necessary to respond with the higher response
options. In addition, the item information curves, along with
the finding that, on average, expressions of COVID-19 anxi-
ety were at the lower end of the continuum, suggest that
CAS-4 items are most informative at average or high levels
of COVID-19-related dysfunctional anxiety.

Although the findings of this study are important, and
the CAS-4 showed acceptable psychometric properties in all
countries, the study inevitably had some limitations. First,
the participating countries were not systematically selected,
as their inclusion was the product of a negotiation about
potential author interest in participating and their ability to
meet the study requirements. In addition, the study included
more countries from South America and only four coun-
tries from North and Central America. Therefore, the results
may not be generalizable to countries not included in the
study. Thus, future research should replicate the study and
include samples from more countries in North and Central
America. Second, the participants were selected by conveni-
ence sampling, which did not allow us to have a fully rep-
resentative sample of the general population of each of the
twelve countries. Likewise, only people with Internet access
in all countries could be surveyed, which could generate
the presence of a sampling bias. In addition, although the
data collection process was the same in all countries, the
distribution of demographic data was different. This could
be corrected by using appropriate sampling (Pierce et al.,

2020). All of the above would limit the generalizability of
the findings to the general population of the countries. Third,
the number of participants varied across countries, which
could further limit the generalizability of the findings. While
there is evidence that different sample sizes could bias the
results obtained using multigroup factor analyses (Brown,
2015), the recommended subsampling approach (Yoon &
Lai, 2018), as used in this study, attempted to mitigate this
problem. We did not assess the effect of the form of admin-
istration, which can potentially interact with cultural effects
in each of the countries, generating a systematic effect of
the data collection method. In this regard, future research
should use different forms of survey administration (e.g.,
pencil and paper, and online) to reliably separate the effect
of administration (Zemojtel-Piotrowska et al., 2018). Addi-
tionally, it should also be noted that, in the invariance analy-
sis, invariance was met for the pragmatic ACFI criterion,
but not for the ARMSEA criterion. Although it has been
argued that the RMSEA may be biased in very small models
such as ours (Kenny et al., 2015), and that the ACFI crite-
rion turns out to be more robust in deciding about the lack
of invariance (Cheung & Rensvold, 2002), this limitation
should not be ignored. Evidence of convergent and discrimi-
nant validity with other CAS-4 constructs was not assessed.
Finally, although a Spanish version of the CAS was used,
the translation of which followed the technical procedures
suggested in the scientific literature (Caycho-Rodriguez,
2021b), a specific linguistic analysis of the items in each
of the countries was not carried out. In this sense, it would
be important to take into account sociolinguistic variation
during the processes of future CAS adaptations, regardless
of whether the countries speak the same language, to ensure
the fidelity of the interpretations obtained (Peterson et al.,
2017). Thus, despite the value of obtaining pan-dialectal
versions, additional linguistic adaptations are necessary for
certain cultural contexts (Squires et al., 2013).

Conclusions

Despite these limitations, the findings provide evidence
that the CAS-4 is a valid measure of dysfunctional anxiety
related to COVID-19 in the general population of 12 dif-
ferent Latin American countries. Similarly, the CAS-4 was
shown to be invariant between groups of men and women. In
addition, it has been shown that it can be useful to meaning-
fully compare scores between countries and genders. From
IRT, it was shown that the CAS-4 allows for a better identifi-
cation of people with average to high levels of dysfunctional
anxiety related to COVID-19. Additionally, including a large
number of Latin American countries in the study and assess-
ing MI probably provides more generalizable results than
previous studies. Thus, greater variability and sensitivity to
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cultural influences of the CAS-4 items could be detected.
Finally, the finding of invariance of the CAS-4 instrument
across countries is important for conducting cross-cultural
assessments (Milfont & Fischer, 2010). As mentioned, with-
out evidence of invariance it cannot be assumed that the
results of cross-cultural comparisons will be valid (Chen,
2008). It is hoped that the findings presented here will moti-
vate and guide future studies to ensure measurement invari-
ance of the CAS-4 before comparing dysfunctional anxiety
related to COVID-19 across different cultures or countries.
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