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Abstract

The present paper examines the psychometric properties and measurement invariance of the Infectious Disease Outbreak
Anxiety Scale (IDOAS) across three phases of the COVID-19 pandemic: the first and second waves (2020 and 2021), and
post-pandemic phase (2023/2024). Study 1 assesses the validity and reliability of the IDOAS through exploratory and con-
firmatory factor analyses, supporting a three-factor structure (factors: “Disease Outbreak Concerns”, “Impact on Routines
and Safety Behaviors”, and “Contamination Concerns”), demonstrating good internal consistency. Study 2 employs a multi-
group confirmatory factor analysis to investigate measurement invariance across the three samples. Measurement invariance
was not established across the three time points of data collection, especially for the post-pandemic phase. Findings reveal
significant shifts in how health anxiety is experienced over time. This study emphasizes the evolving nature of COVID-
19-related anxiety and underscores the importance of developing tools specifically designed to assess health anxiety related

to infectious diseases and fear of contagion for future outbreaks.
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The global health crisis triggered by COVID-19 highlighted
the importance of understanding and assessing health-anxi-
ety, not only during critical periods of the pandemic but also
in subsequent stages of recovery and adaptation. The Infec-
tious Disease Outbreak Anxiety Scale (IDOAS), adapted
from the Swine Flu Inventory, developed by Wheaton and
colleagues (2011) has been used as a tool to assess specific
anxiety related to the COVID-19 pandemic. However, its
validity and consistency across different phases of the pan-
demic and in post-pandemic scenarios has not been fully
investigated yet. The present paper aims to fill this gap by
examining the factorial structure of the IDOAS and assess its
measurement invariance at three time points: during the first
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and second waves of the pandemic and in the post-pandemic
period.

The Importance of Anxiety in Health During
Infectious Disease Times

The World Health Organization (WHO) highlights anxi-
ety as one of the main factors influencing global mental
health, especially during pandemics and infectious disease
outbreaks (WHO, 2020, 2021). During the COVID-19 pan-
demic, various studies have shown a significant increase
in anxiety levels among global populations (Chen et al.,
2023; WHO, 2020). A study conducted in 2021 indicated
that cases of anxiety doubled since the beginning of the
pandemic, affecting more than 1 billion people worldwide
(Smith & Jones, 2021). These data evidences the physical
effects of the pandemic but also its psychological ramifica-
tions. When a health threat is perceived, whether through
outbreaks of viral diseases (e.g., COVID-19, HIN1 influ-
enza, SARS) (Asmundson and Taylor, 2020; Wijnant et al.,
2020; Wu et al., 2009) or other pathologies (e.g., AIDS,
Lyme disease) (Kelly et al., 1998; Steere et al., 2003),
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anxiety emerges as a natural and significant response (Tay-
lor & Asmundson, 2004). This anxiety is fueled by uncer-
tainty, fear of the unknown, and potential life risk, leading to
significant health concerns (Asmundson and Taylor, 2003;
Taylor & Asmundson, 2004). Anxiety in infectious diseases
extends beyond the individual scope, also affecting social,
political, and economic dynamics (Mahoney & McEvoy,
2012; Smith and Jones, 2018). Fear of contagion can trig-
ger avoidance behaviors, distrust towards health authorities,
and dissemination of misinformation. These behavior pat-
terns can, in turn, complicate efforts for prevention, control,
and response to infectious disease outbreaks (Bavel et al.,
2020). Furthermore, anxiety in these situations is associated
with a significant increase in rates of anxiety and depression
disorders, affecting mental health (Gallagher et al., 2020;
Liu et al., 2020). These issues may persist even after disease
control, requiring adequate assessment tools.

Defining and Measuring Health Anxiety:
Understanding the Construct

Health anxiety is characterized by an exaggerated assess-
ment of the probability of becoming ill and an amplified
perception of the negative consequences associated with
having a serious illness (Salkovskis et al., 2002; Wheaton
et al., 2010). Health anxiety can manifest in various situa-
tions, from fear of virus exposure to worry about the per-
sonal and social consequences of the disease (Abramowitz
& Braddock, 2008; Taylor & Asmundson, 2004). Various
instruments assess health anxiety, focusing on the inten-
sity and impact of anxiety on various aspects of people's
lives (Tyrer et al., 2016). Among the instruments for assess-
ing this construct are the Short Health Anxiety Inventory
(SHALI; Salkovskis et al., 2002) and the Worry Illness Ques-
tionnaire (WI-7; Warwick & Salkovskis, 1989), which quan-
tify health anxiety and physical symptoms. However, these
tools do not capture the full range of anxiety experiences or
context-specific concerns (e.g., the impact of media reports
or lockdowns on health anxiety) and fail to account for other
important factors, such as the effect of health anxiety on
daily functioning (e.g., avoidance of social interactions and
public places due to fear of contracting COVID-19).

The Swine Flu Inventory, developed by Wheaton and
colleagues (2011), is an effective tool for assessing health
anxiety and behaviors related to infectious diseases, particu-
larly during pandemics. This instrument evaluates concerns
about virus transmission, severity, and preventive measures,
offering insights into health anxiety during global health
crises. It is designed to be adaptable for various public health
emergencies, capturing detailed perceptions and responses
to such events. During the COVID-19 pandemic, the Swine
Flu Inventory was adapted to create the Infectious Disease

@ Springer

Outbreak Anxiety Scale (IDOAS). This adaptation addresses
the specific concerns related to COVID-19, including virus
spread, contamination fears, and exposure to outbreak
information. The revised instrument aims to improve the
screening and assessment of distress related to COVID-19
at this specific stage, securing also the possibility of being
applicable to other future infectious disease outbreaks.
However, the lack of studies upon the factorial structure of
the original the Swine Flu Inventory raises questions about
its factorial structure, reliability, and validity in different
contexts or over time. While the number of factors consist-
ently remains at two (e.g. Shabani et al., 2023—10 items;
Factor 1: "COVID-19 Fear" and the Factor 2: “COVID-19
Safety Behaviors”; Bosch & Inauen, 2022—9 items: Fac-
tor 1: "COVID-19 Fear" and the Factor 2: “Risk percep-
tion COVID-19”), the number of items has varied between
9 and 10. Notably, the question "Did the declaration of a
pandemic by the World Health Organization have an impact
on you?" has been removed. Additionally, the specific items
included have fluctuated, and the designations of the factors
are often quite similar, making it challenging to distinguish
between them. It is important to note that these studies did
not make significant adaptations to the initial items, limit-
ing changes only to those related to the name of infectious
disease and the location of its spread. In contrast, our ver-
sion of the instrument incorporated substantial modifications
aimed at ensuring the relevance, accuracy, and applicabil-
ity of the scale in the context of the COVID-19 pandemic
and lockdowns in Portugal. Critically, our approach went
beyond mere terminological updates (e.g., replacing "swine
flu" with "COVID-19"). While the scale was adapted for
COVID-19 as the current infectious disease under focus, its
structure and item content were intentionally designed as a
template for future infectious disease outbreaks. The use of
italicized and underlined placeholders (e.g., [disease name],
[country/region]) serves as a blank space to be filled and
adjusted according to the specific pandemic context, mirror-
ing the adaptability of widely used transdiagnostic measures.
This template-based approach allows researchers to quickly
modify the scale while maintaining its psychometric proper-
ties—a flexibility particularly valuable for screening health
anxiety across evolving public health crises. Therefore, the
results from these previous studies do not provide a suitable
foundation for our analysis.

Measurement invariance is crucial in scientific research
(Vandenberg & Lance, 2000), especially during pandemic
waves, where the consistency of measurements over time
may be affected. Recent studies highlight the need to assess
measurement invariance at different times during the pan-
demic (Bonzini et al., 2021; Cao et al., 2021; Smith et al.,
2023; Yang et al., 2022; Zhang et al., 2021). This is essential to
ensure accurate comparisons between population groups and
over time, providing valuable insights into the psychological

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Psychopathology and Behavioral Assessment (2025) 47:54

Page3of 11 54

impacts of the pandemic and guiding effective interventions.
However, the dynamics of the COVID-19 pandemic may
challenge measurement invariance in assessment scales due
to variations in pandemic conditions, such as infection rates
and public health policies. These changes can influence peo-
ple's responses over time and in different geographic regions,
resulting in inconsistency in psychological measurements.
Notwithstanding, an adaptation for assessing COVID-19-re-
lated anxiety has become necessary due to its prior develop-
ment and validation base in a similar pandemic context dur-
ing the spread of the HIN1 virus. The hypothesis is that the
"Swine Flu Inventory" could provide a solid and well-founded
framework for assessing specific anxiety related to COVID-19,
considering that both contexts involve similar concerns about
contagion, disease severity, and preventive measures. Thus,
adapting this instrument for COVID-19 may offer a consistent
anxiety assessment during this pandemic.

The Current Study

The present study has the following main objectives: (a) to
adapt and validate the IDOAS for use with adults, ensuring
relevance and applicability for future pandemics (as a flex-
ible tool for future public health crisis); and (b) to investi-
gate the invariance of the IDOAS among Portuguese adults
during the three phases of the COVID-19 pandemic (first,
second waves and post-pandemic scenario).

To achieve these goals, two studies were conducted.
Study 1 aims primarily to validate the IDOAS and study the
psychometric properties of the IDOAS in terms of facto-
rial structure. For this, a Portuguese version of the IDOAS
was adapted for the COVID-19 pandemic, and its questions
adjusted across the three phases of the pandemic (three time
points). Study 2 aims to investigate the measurement invari-
ance of the IDOAS at the three time points of data collec-
tion. Taken together, the two studies will provide a compre-
hensive understanding of the validity and consistency of the
IDOAS as an assessment tool for health anxiety in future
public health crisis due to infectious disease outbreaks.

Study 1

This study evaluates the underlying factorial structure of
the IDOAS, through Exploratory Factor Analysis (EFA) and
Confirmatory Factor Analysis (CFA) to assess its psycho-
metric properties.

Materials and Method
Participants

The present sample comprised 200 participants of Por-
tuguese nationality, including 177 females (85%) and 23

males (15%). Participants' ages ranged from 18 to 72 years,
with a mean age of 37.74 years (SD=12.27). Regarding
university qualifications, 36% of participants had a bach-
elor's degree (n=71), 18% had a master's degree (n=37),
and 2.5% had completed a doctorate (n=15). 19.5% of
participants completed secondary education (high school
diploma; n=39) and 15.5% (n=31) had an equivalent
qualification. Finally, 4% had completed the second cycle
(n=28) and 4.5% the third cycle (n=9).

Measures

Infectious Disease Outbreak Anxiety Scale (IDOAS) The
IDOAS consists of 10 items (e.g., “How quickly do you
believe contamination from COVID-19 is spreading in
Portugal?”) assessing perceptions, anxiety, and behavio-
ral changes related to COVID-19 and the impact that the
lockdown had on participants' lives. Each item is rated on a
5-point Likert scale ranging from 0= Very Little to 4= Very
Much. The original scale, "Swine Flu Inventory" (Wheaton
et al., 2011), was developed in the United Kingdom dur-
ing the HIN1 flu outbreak. It was adapted to assess per-
ceptions and behaviors related to COVID-19 during the
COVID-19 pandemic in Portugal. The main modifications
included replacing items to reflect specific concerns related
to COVID-19, such as personal risk perception, likelihood
of infection, and disease spread in Portugal. Exposure to
information was expanded to encompass various media
sources due to the rapid dissemination of digital informa-
tion. Items regarding social interaction decisions and travel
plans were adjusted to consider the impact of confinement
on daily routines and work practices, reflecting changes in
safety behaviors and adaptation to public health guidelines.
These adaptations aimed to ensure the relevance, accuracy,
and applicability of the scale in the context of the COVID-19
pandemic in Portugal.

Procedure

We obtained authorizations from the Ethics Committee of
the University of Maia (Portugal) as well as informed con-
sent from all participants (approval references 1/2020 and
80/2023). All participants completed an online question-
naire distributed through social media platforms (Face-
book, Instagram, and LinkedIn) and by the Portuguese
Psychologists Association through its mailing list. The
online questionnaire was shared in various online groups
covering topics related to COVID-19, mental health, and
regional issues, resulting in participation from individuals
across all regions of Portugal. The average response time
was approximately 15 min.
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Data Analysis

Initially, an EFA was conducted to identify the under-
lying structure of the data matrix and the number and
nature of factors that best represent the observed varia-
bles (Brown, 2006). First, the adequacy of the data to the
statistical procedure was verified, considering the sample
size and the relationship between the items. Following
Nunnally's (1978) recommendation of a ratio of ten par-
ticipants to each item of the scale, it was concluded that
the sample used met this assumption (N =200). Next,
Bartlett's Test of Sphericity and the Kaiser—Meyer—Olkin
(KMO) sampling adequacy measure were utilized. To
determine the number of factors to be extracted, three
criteria were considered: the parallel analysis method,
Kaiser-Guttman criterion, and Scree Plot. Subsequently,
the quality of items was analyzed, considering that com-
munalities with values below 0.40 would be excluded,
as it suggests that these items may not be related to the
others (Costello & Osborne, 2005).

Following this, the initial model was confirmed using
a CFA. Within this framework, chi-square values, GFI
(Goodness of Fit Index), CFI (Comparative Fit Index), and
RMSEA (Root Mean Square Error of Approximation) were
considered to assess the overall fit of the factorial model.
Reference values followed Hu and Bentler (1999) proposal,
where values lower than 0.06 for RMSEA, greater than
0.95 for CFI and TLI, and lower than 0.08 for SRMR indi-
cate good model fit (Hu & Bentler, 1999). If necessary,
modification indices would be used to improve the fit. All
the analysis were conducted in JASP (version 18.3.0).

Table 1 EFA of the IDOAS with varimax rotation and communalities

Results

To assess the factorial structure of the IDOAS we conducted
an EFA with factor extraction using the Maximum Likeli-
hood estimation method, followed by oblique rotation. To
assess the suitability of the dataset for factor analysis, we
used the KMO measure and Bartlett's Test of Sphericity (Hu
& Bentler, 1999). The KMO measure indicated a good sam-
ple adequacy for analysis (KMO =0.75), and Bartlett's Test
of Sphericity [x2(45)=4427.300, p <0.001] suggested that
the association matrix is not an identity matrix.

To aid in determining the number of factors to be
extracted, three criteria were considered: the parallel analy-
sis method, Kaiser-Guttman criterion, and Scree Plot. The
results obtained in the EFA pointed to a final solution com-
posed of three factors. The first factor, named "Disease
outbreak concerns", explains 30.5% of the total variance,
composed of items 1, 2, and 3. The second factor, named
"Impact on routines and safety behaviors", explains 13.2%
of the total variance, composed of items 4, 5, and 6. The last
factor, named "Contamination concerns", explains 11.2% of
the total variance, composed of items 7, 8, 9, and 10.

As Table 1 shows, communalities values were high and
the factor loadings (all above 0.40) suggest a good relation
between the items and the identified factors.

Next, to confirm the factor solution derived from the
EFA, we conducted a CFA. Results confirmed the three-fac-
tors solution with the corresponding items found in the EFA
(see Fig. 1). All items showed adequate standardized fac-
tor loadings, ranging from 0.67 to 0.74. This measurement
model provided adequate fit to the data ( 2 (45)=386.64,

Factors
Items T Commonalities
1. To what extent are you concerned about [COVID-19%*]? 808 .241 ,043 .713
2. Did the declaration of a pandemic by the World Health Organization have an impact on you? 743 310 -,031 .649
3. How quickly do you believe contamination from [COVID-19*] is spreading in [ Portugal*]? .653 -.081 ,258 .500
4. How likely is it that you could become infected with [COVID-19%]? 277 ,098 813 .748
5. How likely is it that someone you know could become infected with /i 1D-19%]? 230 1,097 816 .727
6. If you did become infected with [COVID-19%], to what extent are you concerned that you will be seri- ,186 -,043 488 .487
ously ill?
7. How much exposure have you had to information about [COVID-19*] (e.g. news, social media)? 382,454 -,002 .402
8. To what extent has the threat of /COVID-19*] influenced your routines? 177 1,809,097 .695
9. To what extent has the threat of /COVID-19*] influenced your work? 076 ,788 ,149 .649
10. To what extent has the threat of /COVID-19*] influenced the use of safety behaviors? (e.g. disinfect 400,511 ,033 422

hands)

“Through adjusting the underlined expressions, the IDOAS can be adapted to other future infectious disease outbreaks besides COVID-19
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Fig. 1 CFA of the IDOAS

p<0.001, CFI=0.94, TLI=0.91, RMSEA =0.06, and
SRMR =0.05). The 10 items composing the IDOAS, organ-
ized into a three-factor structure, demonstrated adequate
overall internal consistency («=0.73). The internal consist-
ency for each factor was as follows: (1) Disease Outbreak
concerns (x=0.68), (2) Impact on routines and safety behav-
iors (x=0.45), and (3) Contamination concerns (o= 0.60).

Discussion

The "Swine Flu Inventory," originally developed by Whea-
ton and colleagues (2011) to assess health anxiety, percep-
tions, and behaviors related to the HIN1 infectious disease,
was adapted to address specific aspects of the COVID-19
pandemic outbreak, resulting in the IDOAS. This adapta-
tion aimed to provide a more comprehensive and accurate
assessment of the psychological distress associated with the
COVID-19 pandemic. The current study focused on adapt-
ing and validating the IDOAS for use with adults in the
Portuguese population, ensuring its cultural and linguistic
sensitivity and applicability for future pandemics. This vali-
dated tool emerges as a practical and evidence-based tool for
assessing, screening, and monitoring health anxiety in public
health crisis contexts.

The study of the psychometric characteristics of the
IDOAS scale suggests that it is a valid and reliable measure

- l\b 10. To what extent has the threat of COVID-I *9 influenced

your work?

the use of safety behaviors? (e.g. dizinfect hands)

for assessing health anxiety, perceptions, and behaviors
related to COVID-19. The analysis of the factorial structure
of the instrument provided valuable insights into the multi-
dimensional nature of anxiety related to COVID-19. Thus,
Exploratory Factor Analysis (EFA) indicated the presence
of three factors: 1) Disease Outbreak concerns, 2) Impact
on routines and safety behaviors, and 3) Contamination con-
cerns. The identified factors reflect the different aspects of
concern and stress induced by the pandemic, providing a
solid basis for clinical understanding and intervention.

The subsequent Confirmatory Factor Analysis (CFA)
served to corroborate the validity of the three-factor struc-
ture identified in the EFA. The results of this analysis indi-
cated that the IDOAS is a reliable tool for assessing health
anxiety about the disease in public health and crisis contexts,
such as the COVID-19 pandemic. The internal consistency
of the items in the IDOAS was also considered satisfactory,
suggesting that the instrument is capable of consistently
measuring the constructs under study.

The practical implications of this study are significant
for clinical practice, public health policies, and psychoso-
cial screening during the COVID-19 pandemic. The vali-
dation of the IDOAS offers a valuable tool for assessing
and screening pandemic-related health anxiety. However,
several limitations should be noted: The sample was limited
to adults in the Portuguese population, which may affect
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the generalizability of the results to other cultural or demo-
graphic groups. The IDOAS is subject to common biases
in self-report instruments, such as social desirability and
response distortion. Although validated for the Portuguese
population, further research is needed to confirm its appli-
cability and reliability in different cultural and linguistic
contexts.

Study 2

The second study aims to verify the measurement invariance
(MI) of the IDOAS scores from three independent samples,
measured during distinct epidemiological stages: the first
wave of COVID-19, the second wave of COVID-19, and the
post-pandemic phase.

Materials and Method
Participants

We collected data from three independent samples at three
time points, namely during the first wave of the pandemic
(Nsample 1) =2000), during the second wave of the pandemic
(N(gample 2)=2396), and in the post-pandemic scenario
(N (sampie 3= 1815), totaling a combined sample of 6211 par-
ticipants. Table 2 details the origin of the data.

Measures and Procedure

As in Study 1, we used the IDOAS in Study 2 to evaluate
health anxiety. Based on the results from the prior EFA and
CFA, we adopted a factorial structure with three factors: (1)
Disease outbreak concerns, (2) Impact on routines and safety
behaviors (3) Contamination concerns. The data collection
procedure used in this study is the same as used in Study 1.

Data Analysis

The MI was tested through conducting a Multigroup CFA
analysis. All analyses were conducted in JASP (version
18.3.0) JASP Team, 2022). The MI analysis aims to exam-
ine the hypothesis about the similarity of the covariance
structure between the scores of the IDOAS collected at
the three time points. For running MI, we considered and
compared three nested models: (a) Configural invariance
model, where all model parameters are allowed to vary
across groups, but the overall model structure is kept the
same; (b) Metric invariance model, keeping factor load-
ings invariant across groups; (c) Scalar invariance model,
also requiring invariant intercepts across groups (Van
de Schoot et al., 2012). Because the hypothesis about
the similarity of the covariance structure between the
three data collection time points was not confirmed, we

Table 2 Sociodemographic characteristics of participants during the first wave (Sample 1), second wave (Sample 2), and post-pandemic (Sample 3)

Sample 1 Sample 2 Sample 3
N % N % N %
Sex
Female 1701 85 1827 76 1094 61
Male 299 15 568 24 721 39
Educational qualifications
Reading and writing skills 9 0.5 5 0.1 3 0.2
First cycle 5 0.3 14 0.5 34 1.9
Second cycle 24 1.4 25 1 32 1.7
Third Cycle 96 5.5 109 4 44 2.5
9th grade equivalency 19 1 13 0.4 22 1.2
12th grade equivalency 154 8.8 213 9 162 9
Secondary Education 363 20.8 584 25 362 20
Bachelor’s degree 760 43.6 953 40 674 37
Master’s Degree 276 15.8 375 16 457 25
Doctorate 39 2.2 100 4 25 1.5
Min and max M(SD) Min and max M(SD) Min and max M(SD)
Age 18 to 88 years 39.84 (12.20) 18 to 90 years 38.33 (13.86) 18—90 years 35.60 (14.70)
@ Springer
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inspected partial invariance to identify which parameters
differed across groups and understand further the nature
and extent of these differences. Reference values follow-
ing Chen's (2007) proposal indicate that the criteria for
metric invariance and scalar invariance are ACFI<—-0.010
or ARMSEA <£0.01.

Results

The alfas, means, standard deviations, and correlations of
the variables, separately for each of the samples, are pre-
sented in Table 3.

In the first step, the best model found in Study 1 (three-
factor model) was tested separately for the data from the
three samples. The model showed adequate fit indices for all
three samples, as can be seen in Table 4. The factor loadings
were all significantly different from zero. Next, we evalu-
ated whether the model met the criteria for configural invari-
ance. This was done by estimating the hypothesized model

simultaneously across the different samples, without includ-
ing equality constraints for model parameters. Configural
invariance criteria were met, as indicated by good model fit
indices across the different samples (see Table 4). Regarding
metric invariance, the scale could not be considered met-
rically invariant across samples, since the change in CFI
exceeded the recommended thresholds (ACFI=-0.034),
although the change in RMSEA remained below the recom-
mended threshold (ARMSEA =—-0.001). Therefore, we ana-
lyzed whether partial metric invariance could be achieved.
After inspecting parameters for the three samples equality
constraints for the sample 3 loadings were removed, they
were largely different than the loadings from sample 1 and 2.
The results showed that the hypothesized model was invari-
ant between sample 1 and sample 2, thus establishing partial
metric invariance (ACFI=0.004; ARMSEA =0.000).
Next, we analyzed whether the IDOAS met the crite-
ria for scalar invariance between sample 1 and 2. We did
not consider scalar invariance for sample 3, given that

Table 3 Alfa, means, standard deviations and correlations of the three data collection variables

o M (SD) 1. Disease outbreak 2. Impact on routines and 3. Con-
concerns safety behaviors tamination
concerns

Sample 1 (first wave)

1. Disease Outbreak concerns .68 21.87 (2.65) —

2. Impact on routines and safety behaviors .56 29.08 (3.02) A468%** —

3. Contamination concerns .59 17.01 (2.34) .396%** 37 1% —

Sample 2 (second wave)

1. Disease Outbreak concerns .58 22.03 (2.10) —

2. Impact on routines and safety behaviors .70 27.24 (2.90) 61 1 —

3. Contamination concerns 42 17.84 (1.53) 491 %% 351%* —

Sample 3 (post-pandemic)

1. Disease Outbreak concerns .83 15.52 (3.49) —

2. Impact on routines and safety behaviors 75 16.63 (4.09) 350%* —

3. Contamination concerns .58 13.35 (3.17) 514 O17%%* —

“p<.05, %% p< 01, ¥ p<.001

Table4 Results of the Model X2 a p CFI RMSEA  ACFI  ARMSEA

invariance analysis for model 1

across sample 1, sample 2 and Sample 1 (N=2000) 328.18 32 <.001 923  .068 - -

sample 3 Sample 2 (N=2396) 14878 32 <00 973 039 ) )
Sample 3 (N=1815) 197.25 32 <.001 966 .053 - -
Configural invariance 674.21 87 <.001 955 .057 - -
Metric invariance 1564.03 101 <.001 921 .071 .034 -.001
Partial metric invariance * 750.38 94 <.001 951 .057 .004 .000
Partial scalar invariance * 2097.02 114 <.001 953 .051 -.002 .006

x2=Chi squared; CFI=comparative fit index; RSMEA =root-mean-square error of approximation;
ACFI=change in comparative fit index; ARMSEA =change in root-mean-square error of approximation

the equality restrictions imposed between sample 3 loadings were removed
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metric invariance was not met. The results showed that
the hypothesized model is invariant between sample 1 and
2. The criteria for scalar invariance between the scores
from these two samples were thus met (ACFI=-0.002;
ARMSEA =0.006).

Discussion

The present cross-sectional study aimed to assess the MI
of the IDOAS at three distinct time points: during the first
and second waves of the COVID-19 pandemic and in the
post-pandemic scenario. We found that invariance was not
observed across the three data collection time points, par-
ticularly during the post-pandemic phase.

The lack of invariance in the third data collection time
point (post-pandemic phase) of the IDOAS, suggests a com-
plex dynamic in the experience of COVID-19-related anxi-
ety over time. Several explanations may be considered for
this intriguing finding. The analysis of the factor loadings
of items comprising the COVID-19-related anxiety factor
in the IDOAS revealed significant variations specifically at
the third data collection point. These differences suggest a
shift in how health anxiety is measured over time, poten-
tially assigning greater or lesser importance to certain items
at the expense of others. During the post-pandemic phase,
the item "How quickly do you believe contamination from
COVID-19 is spreading in Portugal?" demonstrated a more
pronounced factor loading. This change can be attributed
to shifts in public perception regarding virus spread, influ-
enced by the implementation of mitigation strategies such
as mass vaccination campaigns and more effective public
health protocols. The introduction of these initiatives may
have improved the overall perception of safety and control
over the spread of the virus, leading people to perceive that
the spread may be being contained more efficiently than
during the early stages of the pandemic. Previous studies
suggest that infection risk perception is directly related to
the adoption of preventive behaviors and ongoing vigilance
over virus spread (Bavel et al., 2020; Harapan et al., 2020).
Conversely, items such as "How likely is it that someone you
know could become infected with COVID-19?" and "If you
did become infected with COVID-19, to what extent are you
concerned that you will be seriously ill?" showed decreases
in factor loadings during the third data collection point. This
reduction may indicate a shift in the importance attributed
to these items as indicators of anxiety, rather than a general
decrease in anxiety levels. Van Kersen et al. (2024) high-
lighted that individual risk perception and perceived disease
severity tend to decrease as populations adapt to new con-
ditions and emerging scientific information. This suggests
that as people became more familiar with the actual risks of
COVID-19 and adopted adaptation strategies, the intensity
of concerns regarding the risk of infection and the severity
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of the disease may have decreased, reflecting a psychological
adaptation to the post-pandemic context.

Additionally, the level of exposure to COVID-19 infor-
mation, as measured by the item "How much exposure
have you had to information about COVID-19 (e.g., news,
social media)?" also showed a decrease in factor loading.
This suggests a potential adaptation of the public to pan-
demic information saturation, as media attention and soci-
etal priorities evolved over time (Lee et al., 2022). As the
pandemic continues, people may adjust their information
consumption to focus on other areas of daily life or emerg-
ing issues beyond the pandemic. In the occupational context,
items such as "To what extent has the threat of COVID-19
influenced your work?" and "To what extent has the threat
of COVID-19 influenced the use of safety behaviors? (e.g.,
disinfecting hands)" exhibited increases in factor loadings,
indicating persistent concerns about safety and adaptation of
work practices during and after the critical phase of the pan-
demic. This increase may be attributed to the complexity of
organizational changes and individual practices in response
to public health guidelines and post-pandemic workplace
demands (Bavel et al., 2020). These analyses of variations in
the factor loadings of items in the IDOAS provide detailed
insights into the evolution in how COVID-19-related anxiety
is measured. The observed changes illustrate shifts in the
importance attributed to different items as indicators of anxi-
ety, highlighting how these shifts reflect broader macro-level
factors affecting individuals' lives. This underscores the need
for dynamic approaches in public mental health assessment
and intervention that account for evolving societal influences
and their impact on individual well-being.

Strengths, Limitations, and Future Directions

The findings of this study highlight several significant practi-
cal implications for mental health interventions and public
health policies in response to the dynamics of COVID-19-re-
lated anxiety over time. The analysis of variations in factor
loadings of the IDOAS items reveal the need for dynamic
and adaptable intervention strategies. It is essential to tailor
therapeutic approaches to reflect changes in the perception
and experience of anxiety throughout different phases of
the pandemic, ensuring an effective response to individual
and collective needs. However, some important limitations
should be noted. The data collection method, relying on
online surveys distributed through social media and profes-
sional networks, resulted in samples with significant gen-
der imbalances (e.g., 85% women in the first wave), which
may affect the generalizability of findings to more diverse
populations. Additionally, this sampling approach likely
excluded certain demographic groups with limited digital
access or mastery of digital skills, such as the elderly indi-
viduals or people in rural communities. The absence of a
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consistent measure for assessing COVID-19-related anxi-
ety across pandemic and post-pandemic phases complicates
direct comparisons of anxiety levels. Anxiety dynamics shift
with evolving circumstances; during the pandemic, concerns
were driven by virus uncertainty, infection fears, and socio-
economic impacts. In the post-pandemic phase, as mitigation
measures and vaccinations were implemented, these con-
cerns may have lessened or changed. This lack of invariance
reflects shifts in public perception of infection risk and the
effectiveness of health interventions, affecting how anxiety
is experienced and prioritized throughout different stages
of the crisis. As well as the continuous adaptation of the
measure to capture the specific temporal and contextual
nuances of each phase of the pandemic and post-pandemic,
longitudinal studies are essential for tracking the evolution
of anxiety over time, allowing for a more robust analysis of
changes in individual and collective perceptions and experi-
ences of anxiety.

Furthermore, to enhance the IDOAS's applicability in
future infectious disease outbreaks, several key steps are
necessary. First, the scale’s template-based design—featur-
ing placeholders such as "[disease name]" and "[country/
region]"—ensures rapid adaptation to novel pathogens and
infectious outbreaks. However, future empirical validation
during emerging outbreaks will remain necessary to con-
firm its psychometric robustness across diverse contexts.
Proactive validation studies conducted during inter-pan-
demic periods could establish baseline properties, enabling
faster and more reliable deployment during crises. Second,
partnerships with public health agencies and global men-
tal health networks are vital to integrate the IDOAS into
future outbreak response frameworks. Such collaborations
would facilitate real-time anxiety monitoring, guiding tai-
lored interventions. Cross-cultural validation studies must
also be prioritized to ensure linguistic and socio-cultural
relevance, particularly in low-resource regions dispropor-
tionately affected by infectious disease outbreaks. Another
crucial aspect would be to explore how contextual factors,
such as public health policies, media influence, and organi-
zational adaptation, shape the perception and experience of
health anxiety over time. These studies could provide fun-
damental insights to guide public policies and clinical prac-
tices, contributing to the refinement of this assessment tool
for more effective screening and monitoring during public
health crises.

Conclusion

The present studies on the IDOAS evidence its validity
and reliability in assessing anxiety during the pandemic
(Study 1). Factor analysis identified three main dimensions

of concern: virus spread, changes in routines and safety
behaviors, and perception of infection likelihood and
severity, highlighting the multifaceted complexity of
anxiety during pandemics and global emergencies. The
lack of invariance across pandemic phases (Study 2), par-
ticularly in the post-pandemic phase, suggests a complex
dynamic in the experience of COVID-19-related anxiety
over time. This variation in IDOAS item factor loadings
indicate changes in the importance attributed to different
aspects of anxiety, reflecting adaptations in public percep-
tion of infection risk and the effectiveness of public health
interventions.

The true contribution of this study is the development
of a tool for assessing health anxiety, specifically related to
infectious diseases and the fear of contagion during future
outbreaks. This advancement represents a significant contri-
bution to future discussions on improving the management
of health anxiety associated with infectious diseases and bet-
ter preparing responses to public health emergencies.
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