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Abstract

Background: The Perceived Vulnerability to Disease Questionnaire (PYDQ) measures beliefs associated with personal
susceptibility to infectious diseases and behaviors or perceptions in the presence of potential risk of pathogen trans-
mission. Given the onset of the Severe Acute Respiratory Syndrome Coronavirus 2 global pandemic, otherwise known
as the COVID-19 pandemic, the construct being measured may function differently based on affective, behavioral,
and cognitive changes along with the need to change norms and lifestyles in a global context. The present study
aims to test the psychometric properties and the gender invariance of the Italian adaptation of the PVDQ to confirm
that the scale can be used with Italian-speaking people, and that it functions effectively during a pandemic.

Methods: A total of 509 participants filled out an online questionnaire including the Italian version of the I-PVDQ
(I-PVDQ) and several measures of psychological constructs. Reliability and factor analyses (single and multigroup)
were conducted. Bayesian correlation tests and Bayesian independent sample t-tests were used to assess the validity
of I-PVDQ.

Results: Exploratory factor analysis supported the two-factor structure of the I-PVDQ, and factor loadings loaded
appropriately onto perceived infectability (Pl) and germ aversion (GA). In terms of invariance, the scale showed con-
figural, metric, scalar, and strict invariance across genders. Decisive evidence in favor of correlation with the measure
of COVID-19 related fears for both Pl and GA was found. There was strong evidence for observed correlations with
COVID-19 related constructs such as intolerance to uncertainty, psychological inflexibility, resilience, stress, and anxi-
ety. Women showed higher GA than men, while there were no gender differences in PI.

Conclusions: Taken together, these results suggest that the I-PVDQ confirms the psychometric properties of the
original version and that can be used to detect PVD when it is affected by environmental circumstances since its func-
tioning is preserved during a pandemic.
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Background

During the course of human evolution, humans were
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http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40359-022-01023-z&domain=pdf

Chiesi et al. BMC Psychology (2022) 10:321

proactive system that enables them to recognize and
avoid potential risks that augment the existing reac-
tive system [2]. Its functioning was explained by the
evolutionary disease avoidance mechanism proposed
by Faulkner et al. [3], later known as the Behavioural
Immune System (BIS) [4]. The authors describe a set
of proactive protective behaviors against infection as a
complementary mechanism to the immune system. The
execution of these behaviors linked to how vulnerable a
person feels. Indeed, individual differences in perceived
vulnerability activate to different extents the processes
directed to avoid diseases, such as detecting cues that
characterize ill subjects, to knowing and acting on the
strategies that prevent the transmission [4—6].

Nonetheless, along with these individual differences,
there are specific situations in which this disposition
becomes pervasive. When the World Health Organisa-
tion declared the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) global pandemic, other-
wise known as the COVID-19 pandemic, humankind was
confronted with a new and potentially fatal disease. To
contain the spread of the pandemic, most countries have
imposed strong political and societal measures (e.g., use
of facemasks, strict social distancing, washing hands fre-
quently) introducing vast behavioral changes in individu-
als’ daily routine. Therefore, the COVID-19 pandemic
provides a unique research framework to investigate peo-
ples’ perceived vulnerability to disease (PVD).

To conduct this investigation, the problem is
approached from a psychometric point of view. Before
the pandemic, one of the most widely used scales to
measure PVD was the Perceived Vulnerability to Disease
Questionnaire (PVDQ) [7]. Based on Faulkner et al’s [3]
disease avoidance mechanisms studies, the scale meas-
ures beliefs associated with personal susceptibility to
infectious diseases and behaviors or perceptions in the
presence of potential risk of pathogen transmission. Dur-
ing the last two years, many papers have been published
containing data collected after the pandemic outbreak
administering the PVDQ (e.g., [8—15]). However, it is
unclear if the questionnaire’s psychometric properties
remain unchanged once the fear of infection contributes
to the perception of a largely uncontrollable and unpre-
dictable threat, and the necessity to avoid exposure to
pathogens is highly stressed or even imposed by the gov-
ernment (e.g., the explicit requirement to avoid shaking
hands and maintain a physical distance, to stay with face
masks at the workplace, on public transport, etc.). At
the onset of COVID-19, the disease etiology and course
were uncertain, with no proven treatment protocols, no
immunity, and no vaccines. Thus, the exponential spread
and high mortality associated with the prevention meas-
ures proposed by health authorities added to the altered
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perception of a potential threat [16, 17]. In this setting,
it becomes important to investigate whether the psycho-
metric properties can be considered equivalent across
times marked or not marked by a pandemic. Indeed,
when the construct being measured becomes dramati-
cally relevant and pervasive, such as the subjective per-
ception of the exposure to COVID-19, the PVDQ may
need to be adjusted in response to environmental changes
[14, 18] because the measured construct is changing or
is changed. Studies on the effects of COVID-19 have
shown a negative impact on people’s mental health [19,
20]. Concerns about the possibility of being infected, or
for life itself, increased during the pandemic [21] and
had a psychological impact (e.g., higher levels of anxiety,
depression, and stress) [22, 23]. Moreover, the COVID-19
pandemic social distancing norms and intensive hygiene
practices have changed the perception of the vulner-
ability to the desease. Therefore, researchers that have
employed the PVDQ during the pandemic suggested that
such variations may have altered the psychometric prop-
erties of the whole questionnaire and the single items. Do
Bu and colleagues [24] find high response scores to some
items because most respondents perceived themselves
as highly susceptible to infections and disgusted with
sharing items perceived as “dirty” (e.g., handling money,
sharing the same water bottle). Thus, they have advanced
doubts as to how this situation might have affected peo-
ple’s responses to some items of the scale. Indeed, when
administered during a pandemic, items exploring disgust
and perceived infectability may not produce the same
variability of responses, and to capture that issues it is
necessary to modify the scale. Therefore, using a scale
created for situations not marked by the pandemic might
result in biased measures of PVD until the psychometric
properties of that scale are confirmed when a pandemic
is on.

Objectives
Starting from this premise, the present study has three
objectives as described below.

Factorial structure and reliability of the I-PVDQ (Aim
1). We aimed at conducting a psychometric analysis to
confirm the factor structure and reliability of the Italian
version of the VDQ (I-PVDQ) when PVD becomes per-
vasive as it happens during a pandemic. Specifically, two
moderately correlated factors were proposed for the scale
[7]: the first one was named Perceived Infectability (PI)
which assesses personal beliefs about perceived vulnera-
bility to illness (i.e., how easily a person believes he or she
can be infected if exposed to a possible source of illness),
the second one was called Germ Aversion (GA) and it
measures the discomfort experienced when a poten-
tial pathogen transmission is more likely to occur. Both
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factors showed a satisfactory internal consistency, with
a higher value for the PI when compared to GA. More
recently, using the Spanish version of the PVDQ, Diaz
and colleagues [25] supported the presence of these two
factors (even if they proposed to analyze separately each
dimension), and they reported that internal consistency
was good for PI, but failed to reach an adequate value
for GA. Similarly, Ferreira and colleagues [26] were able
to replicate, the two-factor structure of the scale with a
Portuguese sample, but good internal consistency was
obtained only after eliminating five items from the ques-
tionnaire. By and large, only a few studies have reported
satisfactory internal consistency for both subscales [7,
27, 28], while inadequate levels of internal consistency
have often been reported for the GA subscale [7, 25, 26,
29-31] raising doubts about the appropriateness of the
items that comprise it. For this shortcoming, different
scoring solutions were proposed: (two subscales separate
scores [27, 28, 30, 31, 35], overall score [3, 29, 31-33],
and only PI subscale score [34]) and to reinforce the fac-
torial structure and general psychometric properties of
the questionnaire, frequently adopted solutions involved
dropping off some of the original items [24-26, 35]. Thus,
the first aim of the current study was to ascertain if, man-
taining all the items of the original version, the I-PVDQ
can be deemed bidimensional with adequate reliability of
each factor.

Invariance of the I-PVDQ across genders (Aim 2). The
current study also aimed to test the invariance of the
I-PVDQ across male and female respondents because
gender is a relevant factor in most of the analyses con-
cerning PVD but, to make unbiased between-group
comparisons, it is necessary to provide evidence of
measurement equivalence of the scale across groups
[36]. Specifically, previous studies found differences in
PVD between men and women, with women showing a
higher level of Perceived Infectability [3, 7, 25, 37], and
Germ Aversion [3, 7, 37]. These gender differences have
been explained by the higher pathogen disgust sensitiv-
ity of women (e.g., [38, 39]) which increases their avoid-
ance behaviors associated with a possible risk of infection
through contact or physical proximity to other people. It
has been suggested that the two processes underlying BIS
are disgust emotion and the fear of contamination, which
together activate our pathogen avoidance system [5, 6].
Such a mechanism is easily understood from an evolu-
tionary point of view: the ability to identify likely sources
of infection would allow people to avoid them and ensure
a longer life expectancy. The higher levels of PI and GA
reported for women reaffirm this very function of the
BIS. Indeed, women’s evolutionary role which sees them
involved in identifying better possible fitness in partners
to ensure healthy offspring and guarantee their survival
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has been widely adopted in the literature [40—42]. Thus,
to confirm the presence of gender differences, it is neces-
sary to test the [-PVDQ invariance and ascertain that the
same scoring and interpretation rules can be used in sub-
groups of women and men. To the best of our knowledge,
only one study has tested and confirmed measurement
invariance across genders [24]. Indeed, Diaz et al. [25]
showed that PI and GA have the same factorial structure
across genders, but they did not perform an invariance
analysis.

Correlations with related constructs and gender dif-
ferences (Aim 3). The study aimed to explore the pat-
tern of relationships between the I-PVDQ dimensions
and psychological constructs linked to the pandemic,
such as fear of COVID-19 [43], psychological inflexibil-
ity [44—46], intolerance to uncertainty [47, 48], resiliency
[49-51], well-being [52, 53], and psychological distress
(anxiety, stress, and depression) [54, 55].

Validation studies of the PVDQ scale, for the most
part, have assessed the construct in relation to meas-
ures of disgust sensitivity, hypochondria, health beliefs,
and personality traits [7, 24—26]. However, Duncan and
colleagues [7] argue that although there is a relationship
between PVD, disgust sensitivity, and health beliefs, they
are to be considered different constructs. Disgust sensi-
tivity has to do with the triggering circumstances, health
beliefs refer to general concerns and attitudes about
the possibility of getting sick, while PVDQ specifically
assesses beliefs about susceptibility to infectious diseases,
intended as the extent to which people consider them-
selves vulnerable once exposed to certain pathogens, and
the emotional distress this perception of risk causes [7,
56]. The COVID-19 pandemic affected people’s perceived
vulnerability and increased fear of contamination levels.
Therefore, PVD was placed in close relationship with sev-
eral psychological constructs studied during the COVID-
19 pandemic that allows studying the construct beyond
the previously proposed framework. Fear is an adaptive
emotion that enables coping with a potential threat like
triggering safety behaviors (e.g., washing hands regularly)
[57]. However, excessive or low levels of fear compared
to the actual threat become maladaptive [58]. People
who underestimate the risk may disregard government
measures to slow the propagation of coronavirus and
spread the disease, conversely excessive fear may lead
to exaggerated safety behaviors that have been linked to
mental health problems such as phobia, stress, or social
anxiety [59—65]. High levels of fear related to infectious
diseases such as COVID-19 can induce people not to rea-
son rationally [66]. Several studies have been concerned
with assessing the levels, causes, and consequences of
Covid-19 pandemic-related fear [21, 59, 67-74]. If fear of
COVID-19 altered safety behaviors, it should be possible
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to find this relationship between the two dimensions of
the PVDQ and the Fear of COVID-19 Scale.

Another construct related to COVID-19 and PVD is
the intolerance of uncertainty. When lacking sufficient
information, a distorted cognitive appraisal can lead to
the “fear of the unknown” Intolerance of uncertainty is
an individual disposition related to this ability [75] and
is recognized as a cognitive vulnerability [76, 77] that
can amplify the effects of stressors on mental health [78,
79]. Intolerance to uncertainty is considered a major vul-
nerability factor involved in the development of several
psychological disorders [80]. Similarly, increased levels
of stress, depression, and anxiety evidence the impact of
COVID-19 on mental health outcomes [22, 61, 81-83].
Therefore, it is relevant to assess levels of depression,
anxiety, and stress, along with intolerance to uncertainty
in relation to PVD. In contrast, psychological resilience
and psychological flexibility can have buffering effects
when facing adversities and improve levels of psycho-
logical well-being. A large body of research supports the
association between psychological flexibility and mental
well-being. The moderating effect of psychological flex-
ibility on stressor outcomes and negative life events has
been proven [84, 85]. Conversely, psychological inflex-
ibility negatively affects levels of depression and anxiety
[86—88]. Similarly, high levels of resiliency, conceived as
a result of the interactions between internal resilience
factors and environmental factors [89], facilitate suc-
cessful adaptation and promote positive changes when
confronting adversities, trauma, and stress [90], and
consequently provide mental health protection [91, 92].
Therefore, higher levels of psychological resilience and
flexibility can provide protection from psychological dis-
orders and increase levels of well-being. Studies employ-
ing the PVDQ have shown that despite the protective
role of BIS, it can contribute to aversive responses toward
people perceived as potentially infectious [2, 93]. Moreo-
ver, perceived vulnerability to disease induces people to
engage in more proactive preventive behaviors (particu-
larly beneficial behavior when the risk of contagion is
high). As noted for protective behaviors, higher levels of
PVD have also been associated with greater psychologi-
cal distress, and increased levels of anxiety and depres-
sion [94, 95]. In line with the literature, it was expected
to find a relationship between PVD and these variables
during the pandemic. If this is the case, this study could
provide evidence of a decisive impact of the pandemic on
the subjective perception of infectability and the related
behavioral responses, suggesting that given the highly
stressful pandemic scenario (i.e., the specific prevention
regulations implemented during the global COVID-19
pandemic that led to increased awareness of possible
pathogen transmission sources), environmental variables
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affect not only PVD fluctuations [14, 94], but also the
PVDAQ properties.

Finally, gender differences were explored to highlight
similarities and differences with the previous study [3, 7,
25, 37].

Methods

Participants and procedure

A total of 509 Italian participants (58.7% female, age
range from 18 to 76 years, M, =27.24, SD=12.16) were
recruited. Sampling was based on the “snowball” method
[96], in which undergraduate students from a large uni-
versity in Central Italy were invited to participate in an
online questionnaire study and were also encouraged to
recruit their acquaintances and relatives to participate.
Since, the minimum sample size is 200 for factor analyses
with ordinal data [97, 98] (see below Statistical Analysis),
the sample size was deemed adequate.

Data collection began in mid-March 2021 and was
completed at the end of April 2021. At that time, Italy
was going through a new (third) pandemic wave. The pre-
vention measures adopted through ministerial decrees
provided for the existence of geographical areas of high,
medium, and low risk based on the incidence of COVID-
19 cases recorded in proportion to the number of inhab-
itants. The areas of central Italy where data collection was
concentrated fell within the high-risk zone. Throughout
the country, there was a requirement to wear FFP2-type
masks outdoors and in all indoor places, an interpersonal
distancing of at least one meter, and a general curfew
from 10 PM to 5 AM. In high-risk areas, all movements
had to be justified by proven work requirements, situa-
tions of absolute necessity or health, preschool educa-
tional services were suspended, and educational activities
in schools of all levels could be conducted only remotely
(online). In addition, all recreational and entertainment
activities were suspended, while restaurants, bars, and
other facilities closed. Thus, during the period of data
collection for this study, the normal course of daily life
was severely hampered.

All participants provided informed consent and they
voluntarily took part in the study. No compensation or
incentives were provided. None of the tests included
were intended to be clinical diagnostic, which would
require direct administration by people with specific
professional qualifications, but they are tests that meas-
ure individual dispositions that are generally used for
research purposes. The questionnaire was built so that it
could be self-administered using the written information
provided as a foreword to the study and the specific com-
pletion instructions included as a foreword to each scale.
Once completed, the data were automatically recorded,
and no further action was required from participants.
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The study was approved by the university’s local insti-
tutional review board (Commissione Etica per la Ricerca
dell'Universita degli Studi di Firenze, n. 148 - prot.
0134386).

Measures
The online questionnaire consisted of the following
scales.

Italian Perceived Vulnerability to Disease Question-
naire (I-PVDQ). The PVDQ [7] is a self-report meas-
ure that contains 15 questions investigating two distinct
dimensions of Perceived Infectability (PI) with seven
items (e.g., “If an illness is “going around’, I will get it”)
and Germ Aversion (GA) with eight items (e.g., “It really
bothers me when people sneeze without covering their
mouths”). The responses are coded on a seven-point
scale (with endpoints labeled “strongly disagree” and
“strongly agree”). The Italian version was obtained follow-
ing a standard translation procedure [99] by two Italian
psychologists fluent in English who discussed the differ-
ences between the two translated versions. The wording
of item 15 has been changed to make it more up-to-date
and modified as follows: “I avoid using public telephones
because of the risk that I may catch something from the
previous user” to “I avoid using other people’s mobile
phones or going to Internet point because of the risk that
I may catch something from the previous user” (Internet
Point is a common way of defining the different types of
public spaces, widely used in Italy, where computers and
the Internet access are available. Public telephones have
fallen into disuse, but Internet Points are the places that
come closest to what used to be the sharing and use of
public telephone booths.). Once a single version was
obtained, a native English speaker fluent in Italian, who
was not exposed to content from the original scale,
back-translated it into Italian. The back-translation was
largely similar to the original scale. Therefore, this pre-
liminary version was presented to a small group of native
Italians (N=6) who were asked to read the items and
judge whether they were understandable or to indicate
any unclear/ambiguous word, sentence, or meaning. No
problems were reported and thus, no further adjustments
were made.

Multidimensional Assessment of COVID-19-Related
Fears (MAC-RF) [43]. It is an eight-item self-report
measure that assesses clinically relevant domains of fear
(i.e., cognitive, relational, bodily, and behavioural) during
the COVID-19 pandemic. Responses are collected on a
5-point Likert scale (ranging from 0=very unlike me to
4 =very like me). A total score is obtained by summing up
the eight-item answers. The higher it is, the stronger fears
are. Cronbach’s Alpha calculated on the current sample
was adequate (a =0.74).
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Intolerance of Uncertainty Scale short form (IUS-12)
[100], Italian version [101]. It is a 12-item self-report
measure that assesses one’s ability to cope with unpre-
dictable changes and respond appropriately in inherently
ambiguous situations. The items are rated on a five-point
Likert scale (ranging from 1 = not at all characteristic of
me to 5 = entirely characteristic of me). A total score was
computed. In the present study, the overall internal con-
sistency for the scale was good (a=0.87).

Acceptance and Action Questionnaire-II (AAQ-II)
[102], Italian version [103]. The AAQ-II is a measure
of psychological inflexibility and experiential avoidance
which are related to a wide range of psychological disor-
ders and quality of life. In this study, the ten-item Italian
version is evaluated on a seven-point Likert scale (from
I1=never true to 7=always true). It is a unidimensional
measure where higher scores indicate greater psychologi-
cal inflexibility. Cronbach’s Alpha in this study was good
(a=0.83).

Connor Davidson Resilience Scale 10© (CD-RISC 10)
[104, 105], Italian version [106]. The CD-RISC 10 is a
brief measure of resilience that examines one’s ability to
cope with adversity. It consists of ten items are rated on
a scale from 0 to 4 (0=not true at all to 4=true nearly
all the time). A higher score indicates greater resilience.
In the current sample, the scale demonstrated good reli-
ability («=0.85).

Depression Anxiety Stress Scales-21 (DASS-21) [107],
Italian version [108]. It is a self-report questionnaire
with 21 items measuring depression, stress, and anxiety
(seven items for each subscale) based on a four-point rat-
ing scale (with endpoints labelled 0=did not apply to me
at all and 3=applied to me much, or most of the time).
Higher scores indicate higher levels of depression, anxi-
ety, or stress. In the current sample, Cronbach’s Alpha for
Stress and Depression subscales were excellent (a=0.90),
and good for the Anxiety subscale (a =0.84).

Well-Being Numerical Rating Scales (WB-NRSs) [109].
It is a five-item instrument that assesses physical, psycho-
logical, relational, spiritual, and general well-being. Each
of the five items uses a 10-point numerical rating scale
(with I indicating a state of “absolute distress” and 10 a
state of complete well-being). The respondent selects an
integer that best reflects the magnitude of the charac-
teristic being investigated. Single ratings can be used to
assess each specific component of well-being.

Statistical analysis

Before conducting the analyses, the missing values in the
data were examined. Listwise deletion was used when
one or more answers to the I-PVDQ were missing. For
the other scales, listwise deletion was used when a case
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had more than 10% of missing answers [110]. Otherwise,
the case item mean was used to replace the missing value.

In the preliminary phase of the statistical analyses, item
descriptives were computed to examine the distribution
of responses across the items. Specifically, mean, stand-
ard deviation, range, skewness, and kurtosis values were
examined to test the variability in the item responses and
departures from normal distributions. Values outside the
range of —1 and 1 were considered indicators of non-
normal distributions [111].

To test structural/internal validity, the factor structure
of the I-PVDQ was assessed. The data file was randomly
split into two parts to perform Exploratory factor analysis
(EFA; N=256) and Confirmatory factor analysis (CFA;
N=245). EFA was performed on FACTOR [112]-Ver-
sion 12.1. Optimal implementation of Parallel Analy-
sis (PA) [113] was conducted to identify the number of
recommended factors and the Robust Unweighted Least
Squares (RULS) estimation method was used with the
Robust Promin rotation. CFA model testing was based on
EFA results conducted using JASP 0.16.3 [114]. The diag-
onal weighted least squares (DWLS) estimation method
was employed because the data measured with Likert-
type ratings are ordinal in nature.

Chi-square test, Comparative Fit Index (CFI), Tucker—
Lewis index (TLI), and Root Mean Square Error of
Approximation (RMSEA) were used to evaluate the
goodness-of-fit. Specifically, an RMSEA value of approxi-
mately 0.08 and 0.05 would suggest moderate and excel-
lent model fit, respectively, and CFI and TLI in the range
of 0.90-0.95 would suggest moderate and excellent
model fit, respectively [36, 110].

Multigroup CFA was used to evaluate whether the
scale was invariant across genders (male sample: N=205,
and female samples: N=295). Specifically, a hierarchi-
cally nested series of CFA were applied. An uncon-
strained model was used as a baseline to test configural
invariance (i.e., the two groups share the same factor
structure). Then, three more restrictive models were
tested, which include: a model in which factor loadings
were constrained to be equal across groups (Metric), a
model in which factor loadings plus intercepts were con-
strained to be equal across groups (Scalar), and a model
in which factor loadings, intercepts plus error variances
were constrained to be equal across groups (Strict). Mod-
els were compared using the chi-square-based likelihood
ratio and the equality constraints were tested using the
Comparative Fit Index difference (ACFI), and Root Mean
Square Error of Approximation (ARMSEA). A ACFI value
<0.01 supplemented by a change <0.015 in RMSEA
would indicate invariance [116, 117].

Reliability was measured as the internal consistency
of the PI and GA subscales using Cronbach’s alpha (for
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comparison with previous studies) and McDonald’s
omega (that must be preferred for short scales) [118]
with a relative 95% confidence.

Bayesian statistical analyses were used to evaluate the
relationships among I-PVDQ factors (PI and GA) and
the variables in the study, and gender differences in GA
and PI. Jeftreys’ Bayes Factor described the observed data
using a priori and posterior distribution [120], which
allowed quantification of evidence in favor of the alterna-
tive and null hypothesis [121]. Bayes Factors for evidence
of alternative hypotheses is presented as an easy-to-
interpret odds ratio that represents the magnitude of
the difference: 1-3 as weak, 3—10 as substantial, 10—30
as strong, 30-100 as very strong, and >100 as decisive
[121]. All the Bayesian tests were performed using JASP
0.16.3. Specifically, Bayesian correlation tests and Bayes-
ian independent sample t-tests were used to investigate
construct and criterion validity. Positive low to medium
correlations (0.20<r<0.45) between the I-PVDQ fac-
tors and fear of COVID-19, intolerance to uncertainty,
psychological inflexibility, stress, anxiety, and depression
measures were expected, while negative low to medium
correlations were expected with resiliency and well-
being measures. Finally, it was hypothesized that women
showed higher levels of GA and PI. Therefore, a one-tail
hypothesis was tested (i.e., the women’s scores are higher
when compared to men’s scores).

Results

After examining the missing values, five cases (1.0%) were
deleted because of missing responses in the I-PVDQ
scale, three cases (0.6%) were deleted since there were
more than 10% of missing values and the other nine sin-
gle case item entries were replaced by the mean value for
the respective item.

Descriptives

Item descriptive statistics are presented in Table 1. All
response options were selected, and item means ranged
from 2.40 (SD=1.40) to 5.98 (SD=1.60). Values of skew-
ness and kurtosis were above the —1/41 range for 8
items.

Factorial structure and reliability of the I-PVDQ (single
group analyses)

Exploratory factor analysis (EFA) The Kaiser—Meyer—
Olkin (KMO) measure of sampling adequacy indicated
that the strength of the relationships between the 15
items was fair (KMO =0.84). Bartlett’s test of spheric-
ity, which tests the overall significance of all the cor-
relations within the correlation matrix, was significant
(Bartlett’s x2(N=256, df=105)=1566.7, p<0.001), and
indicated acceptability to proceed with the analysis.



Chiesi et al. BMC Psychology (2022) 10:321

Page 7 of 14

Table 1 Descriptives and factor loadings of the items of the Italian Perceived Vulnerability to Disease Questionnaire (I-PVDQ)

Item Descriptives (N=501) Factor loadings
Range M SD Sk Ku EFA (N=256) CFA (N=245)

GA PI GA PI
1 1-7 598 1.60 —1.69 1.95 0.50 - 0.52 -
2 1-7 2.70 142 0.76 0.12 - 0.58 - 0.68
3 1-7 4.53 2.06 —0.28 —133 0.62 - 042 -
4 1-7 4.54 212 —0.28 —1.37 0.48 - 0.57 -
5 1-7 433 1.70 —0.08 —1.01 - 0.24 - 0.23
6 1-7 242 1.40 1.09 0.77 - 0.92 - 0.78
7 1-7 3.94 2.03 0.16 —133 0.86 - 0.81 -
8 1-7 2.82 1.67 0.78 —0.34 - 0.87 - 0.80
9 1-7 3.51 213 0.46 —1.20 0.36 - 049 -
10 1-7 240 1.40 1.06 0.71 - 0.81 — 0.70
11 1-7 511 1.87 —-0.77 — 0.66 0.46 - 0.55 -
12 1-7 4.09 1.70 0.01 —097 - 038 - 048
13 1-7 457 1.80 — 049 —0.82 045 - 039 -
14 1-7 4.08 1.51 —0.06 —0.77 - 0.44 - 0.44
15 1-7 293 1.87 0.83 — 046 0.73 - 0.66 -

Sk skewness, Ku kurtosis, EFA exploratory factor analysis, CFA confirmatory factor analysis. GA Germ Aversion, Pl perceived infectability

Parallel analysis results indicated that two factors should
be retained based on the 95-percentile of random eigen-
values. The two-factor model accounted for 47% of the
variance and all items loaded on the appropriate dimen-
sion (EFA factor loadings are presented in Table 1). Fac-
tor PI and Factor GA accounted for 32% and 15% of the
variance in the data, respectively. Exploratory factor anal-
ysis supported the two-factor structure of the I-PVDQ,
and factor loadings attested that each factor included the
items that are deemed to measure perceived infectability
(PI) and Germ Aversion (GA). The correlation between
the two factors’ scores was low (0.15).

Confirmatory factor analysis (CFA) By and large, CFA
replicated the EFA results. Specifically, the fit of the two-
factor model (Fig. 1) was good (y° (89) =149.96, p <0.001;
TLI=0.95; CFI=0.94; RMSEA=0.053 [90% CI: 0.038—
0.067]). Factor loadings (Table 1) were all significant at
p<0.001 and ranged from 0.23 to 0.81. Factor covariance
was equal to 0.16, indicating that the PI and GA were
weakly correlated.

Internal consistency The internal consistency of the
[-PVDQ was adequate for the PI (¢ =0.76 [95%: 0.71—
0.80], ®=0.77 [95%: 0.72-0.81]), but slightly low for the
GA (a=0.67 [95%: 0.60-0.72], ® =0.69 [95%: 0.63—-0.75]).

Invariance of the I-PVDQ across genders (multi-group
analysis)

All the models showed an adequate fit and the difference
in CFI and RMSEA values were all <0.01 (Table 2). Thus,

the scale maintains the equivalence of the two-factor
structure (Configural invariance), factor loadings (Metric
invariance), intercepts (Scalar invariance), and error vari-
ances (Strict invariance) across male and female groups.

Correlations with related constructs and gender
differences

Perceived Infectability (PI). There is decisive evidence
in favour of correlations between PI and other related
constructs. A medium positive correlation was found
with the measure of COVID-19-related fears (r=0.40,
BF,,>100). Intolerance of uncertainty, psychologi-
cal inflexibility, and resiliency were weakly related to PI
(r=0.21, BF,,>100; r=0.26, BF,,>100; and r=— 0.24,
BF,,>100 respectively). Similarly, Stress, Anxiety, and
Depression scores had low positive correlations with PI
(r=0.24, BF,,>100; r=0.22, BF,;>100; and r=0.24,
BF,,>100 respectively). Overall, correlations with well-
being ranged from — 0.17 to — 0.21 with BF10> 100 indi-
cating negative low relationships with PI.

Germ Aversion (GA) There was decisive evidence
of a medium positive correlation with the measure of
COVID-19 related fears during the pandemic (r=0.42,
BF,,>100). The evidence of the relationship was very
strong between GA and IUS-12 (r=0.16, BF,,>30),
and strong between GA and measure of Stress (r=0.14,
BF,,>10). Bayesian correlations between GA and
AAQ-II (r=0.14), CD-RISC (r=— 0.10), and Anxiety
(r=0.10) were non-significant (BF;,<10) while there
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Fig. 1 The two-factor model (F1=Germ Aversion, F2 = perceived infectability) of the Italian Perceived Vulnerability to Disease Questionnaire
(I-PVDQ)

Table 2 Fit Statistics of the Italian Perceived Vulnerability to Disease Questionnaire (I-PVDQ) invariance models across genders

Model )(2 (df) CFI RMSEA Model comparison sz (Adf) P ACFI ARMSEA
Gender

Configural 394.318 (178) 927 070 - - - - -

Metric 410.292 (191) 926 068 Metric-configural 15.974 (13) <.025 —.001 —.002
Scalar 433.065 (204) 923 067 Scalar-metric 22.773(13) 05 —.003 —.001
Strict 468308 (219) 916 068 Strict-scalar 35243 (15) <.005 —.007 001

df degrees of freedom; CFI comparative fit index; RMSE Root Mean Square Error of Approximation; A difference between nested models; p probability value of Ax? test.
Metric equality of factor loadings; Scalar = Metric + equality of intercepts, Strict Scalar + equality of error variances

was no correlation with the measure of Depression
(r=0.05, BF,,<10). As for the well-being measures,
decisive weak negative correlations have been observed
GA and General well-being (r=— 0.18, BF,;>100),
and Relational well-being (r=— 0.17, BF,;,>100). Fur-
thermore, there was evidence in favor of a strong nega-
tive relationship between GA and Physical well-being
(r=— 0.14, BF,;>10), and Psychological well-being
(r=— 0.15, BF,,>10). Finaly, there was not a correla-
tion with Spiritual well-being (r=— 0.10, BF,;,<10). All
correlations are reported in Table 3.

Gender differences The one-sided Bayesian t-test
showed a BF,, value of 0.44 for the PI factor, point-
ing out evidence in favor of the null hypothesis., i.e.,
perceived infectability was equal in men and women

(M=22.66, SD=7.28, and M=2357, SD=7.45,
respectively). The result obtained for the GA factor
(BF,,=189.78) suggests substantial evidence in favor
of the alternative hypothesis. The Germ Aversion score
was substantially higher in women compared to men
M,,.,=33.19, SD=9.30 and M =36.57, SD=9.98,
respectively).

women

Discussion

The current study aims to investigate the psychometric
properties of the [-PVDQ and considers the emotional,
cognitive, and behavioral impact that the COVID-19 pan-
demic had on an individual’s perception of their vulner-
ability to illness. The investigation also provides evidence
of the adequate psychometric properties of the Italian
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Table 3 Correlations between [-PVDQ subscales and all the
other measures in the study

I-PVDQ

Perceived Germ aversion

infectability
Fear of COVID-19 40 427
Intolerance to uncertainty 21" 16"
Psychological inflexibility 267 3%
Stress 24 14
Anxiety 27 10#
Depression 24 05#
Resiliency — 24" —0#
Physical well-being -1 — 14
Psychological well-being -2 -5
Relational well-being — 19" -7
Spiritual well-being a7 —.10#
General well-being -1 — 18"

N=501.I-PVDQ=Italian Perceived Vulnerability to Disease Questionnaire
#ns, *BF o> 10, **BF,, > 30, ***BF,,>100

version of the scale which, to the best of our knowledge,
has not been formally translated and validated.
Specifically, this study tested the I-PVDQ’s factorial
structure and the gender invariance of the Italian version
of the scale. In line with Duncan et al. [7], the explora-
tory factor analysis supported the two-factor structure of
the I-PVDQ, and factor loadings attested that each fac-
tor included all the items that are deemed to measure
Perceived Infectability (PI) and Germ Aversion (GA).
Confirmatory factor analysis replicated these results.
However, from both EFA and CFA, a low factor load-
ing for PI item 5 was observed (“My past experiences
make me believe I am not likely to get sick even when
my friends are sick”). In fact, this item showed low fac-
tor loadings and was removed in other validation stud-
ies [25, 26], with an explanation that its reverse wording
makes it harder to comprehend. The other possible expla-
nation is that COVID-19 confronted people with a new
and unknown, potentially fatal disease and beliefs about
their vulnerability were challenged because they did not
have “past” experience as a reference point. It is possible
to consider that the pattern of responses to this item was
influenced by the time of data collection when the main
concern of the population was to protect themselves
from contracting COVID-19, a highly infectious disease.
As such, no one could consider themselves immune or
rely on their previous experiences. A similar pattern of
responses was evidenced by Do Bu and colleagues [24]
who suggested that responses to the questions could be
influenced by the prominent perceived contagiousness if
the data collection period is during the strong prevention

Page 9 of 14

measures imposed by the government. Additionally, the
relationship between beliefs about own vulnerability
to illness and the discomfort due to potential pathogen
transmission seems to be very weak during a pandemic.
The prevention measures imposed to limit the spread
of the disease (e.g., wearing masks, physical distancing,
washing hands) had impacted people’s everyday spon-
taneous behavioural responses. Thus, the interpretation
of the I-PVDQ items referring to GA changed, because
some behaviours have been strongly discouraged (e.g.,
shaking hands) or recognized as highly dangerous (e.g.,
sharing the same drink bottle), and people may pay more
attention to all those behaviours that usually were of no
concern, such as handling money or sharing phones,
regardless of how they judge their infectability.

Nonetheless, despite the low factor loading of item 5,
this study provides evidence of the structural validity of
the I-PVDQ replicating the original bi-factorial structure
of the PVDQ [7] and maintaining all of the items. This
result was not obtained in other studies that had to elimi-
nate some items from the scale to reproduce the two fac-
tors and proposed shorter versions [24—-26, 35].

As for internal consistency, the low indices for the GA
subscale found in this study are in line with the pre- and
post-pandemic literature [25, 29, 31, 34] and it could be
explained by the heterogeneity of its questions. As noted
by Diaz and colleagues [25], the GA subscale investigates
a wide range of different behaviors (e.g., touching money,
sharing a mobile phone, shaking hands), and the this
characteristic may affect the internal consistency of the
subscale [122].

The pattern of correlations of the I-PVDQ with pan-
demic-related constructs offered strong support for
the existence of the expected relationships and provide
evidence of the construct and criterion validity of the
scale. The measure of COVID-19 related fears and both
I-PVDQ factors (PI and GA) are linked, and the strength
of the correlation was very similar to those reported
by Ahorsu et al. [67], which employed the scale dur-
ing the pandemic. As expected, we found evidence of
the positive relationship between PI and intolerance to
uncertainty, psychological inflexibility, stress, anxiety,
and depression, as it was for the negative associations
between P]J, resiliency, and well-being. Although all these
correlations were low, they suggest that perceived infect-
ability is directly related to individual dispositions that
impede coping with stressful situations, such as psycho-
logical inflexibility and intolerance to uncertainty, and
inversely related to personal resources that help facing
difficulties, such as resiliency. Consistently, all the afore-
mentioned constructs related to PI have been identified
as risk factors related to distress regarding the pandemic
[47, 50, 52]. Moreover, the lack of previous experience
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and reference points, such as reliable information on
transmission, pathogenicity, treatment, and prognosis
of the new disease, probably affected PI and linked it
to intolerance to uncertainty that is considered a major
vulnerability factor involved in the development of sev-
eral psychological disorders [80]. At the same time, we
can suppose that PI contributed to the increase stress,
depression, and anxiety [22, 61, 81-83]. The same pat-
tern of correlations for GA subscale was not observed for
depression, anxiety, psychological inflexibility, resiliency,
and spiritual wellbeing, but we observed low correla-
tions in the expected direction with stress and intoler-
ance to uncertainty, (positive), and well-being (negative).
A tentative explanation is that the attentive focus on the
imposed rules to limit the spread of the disease, the lock-
down restrictions, and the news on the pandemic sta-
tistics (e.g., infected and deceased people daily reports)
impacted people’s behavioural responses to avoid germs,
regardless their personal resources and level of distress.

Taken together, these results suggest that the I-PVDQ
maintains its psychometric properties once translated
and that when PVD becomes pervasive as it happens
during a pandemic can be used to capture PVD changes
in response to situations that are perceived as threaten-
ing to one’s health (e.g., [38, 39]). On one hand, perceived
infectability refers to personal infection history and the
belief that one is likely or unlikely to fall ill “outside” the
pandemic context. Thus, people may lose their reference
points “inside” a pandemic. Additionally, when the risk
of infection is extremely high and dangerous (i.e., during
the pandemic), PI appears linked to some psychological
dispositions and well-being/distress indicators. On the
other hand, GA is more related to behavioral responses.
When all persons could be potential carriers of the virus
and, consequently, everyone is asked to abstain from
close social contacts and adopt hygiene practices, indi-
vidual avoidance of potential infection sources inevitably
changes [125-127] and appears to be unrelated (or very
weakly associated) to psychological dispositions and dis-
tress indicators.

The impact of the pandemic on PVD is confirmed by
gender differences observed in the current study. Con-
trary to Diaz et al. [25] a difference in GA, but not in PI
was found. These findings could be a result of cultural
differences or the fact that the broad perception of infec-
tiousness during the pandemic overcomes gender dis-
tinctions. Previous findings noted gender differences in
GA given higher pathogen disgust sensitivity in women
(e.g., [39, 128]). Therefore, women can reinforce protec-
tive behavior by adopting appropriate hygiene practices
and by avoiding situations that are associated with an
increased risk of contracting the infection, such as close
contact or physical proximity with other persons.
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Limitations

The present study is not without its limitations. One of
the main limitations was the lack of pre-pandemic data to
compare with those collected during the pandemic [129].
Furthermore, measures of other relevant variables (e.g.,
measures of fear of contamination, hypochondria, obses-
sive—compulsive symptoms, health status information)
that might disentangle the nature of the PVD construct
were not collected. Because of the particular histori-
cal moment (COVID-19 pandemic), a further limitation
of this study is its local nature, as the sample consisted
mainly of people residing in areas of Central Italy, as well
as the lack of clinical sample. Indeed, whereas psycho-
metric validation studies of PVDQ mostly availed of con-
venience samples, this aspect limits the generalizability
of the results and did not allow certain aspects of PVD
to be investigated, such as the relationship between age
and the perceived infectability and germ aversion. Finally,
future studies should aim to revise items to enhance the
psychometric properties of the I-PVDQ and to highlight
potential cultural differences in reactions to the pan-
demic. For example, item 4 includes content referring
to using a pencil someone has chewed, item 15 refers to
using public telephones, and item 11 refers to touching
money. Given that the original measure was constructed
in the early 2000s, some items may be less representative
of people’s everyday lives today (i.e., most people have
their cell phones, many restaurants and shops encourage
credit card payments, a lot of people write on their PC’s
instead of using a paper and pencil). Furthermore, future
research should consider revising the items so that they
better reflect risk-reducing behaviors that have become
part of our current way of behaving.

Conclusions

Although environmental circumstances have changed
substantively since the COVID-19 pandemic, the present
study revealed that the I-PVDQ maintained its reliability
and validity in an Italian sample albeit with a low factor
loading in a single item. The Italian version of the PVDQ
can be used to evaluate vulnerability to disease in the
Italian-speaking sample, whereas future studies should
explore the revision of specific items to reflect more
accurately the current post-pandemic environment.

Abbreviations

AAQ-II: Acceptance and Action Questionnaire-Il; CD-RISC 10: Connor Davidson
Resilience Scale 100; CFA: Confirmatory factor analysis; CFl: Comparative

Fit Index; DASS-21: Depression Anxiety Stress Scales-21; DWLS: Diagonal
weighted least squares estimation method; EFA: Exploratory factor analysis;
GA: Germ Aversion; IUS-12: Intolerance of Uncertainty Scale short form; KMO:
Kaiser-Meyer—Olkin measure of sampling adequacy; M: Mean; MAC-RF:
Multidimensional Assessment of COVID-19-Related Fears; PA: Parallel Analysis;



Chiesi et al. BMC Psychology =~ (2022) 10:321

Pl: Perceived Infectability; PVD: Perceived Vulnerability to Disease; PVDQ:
Perceived Vulnerability to Disease Questionnaire; I-PVDQ: Italian Perceived
Vulnerability to Disease Questionnaire; RMSEA: Root Mean Square Error of
Approximation; RULS: Robust Unweighted Least Squares; SD: Standard devia-
tion; TLI: Tucker-Lewis index; WB-NRSs: Well-Being Numerical Rating Scales;
ACFI: Comparative Fit Index difference; ARMSEA: Root Mean Square Error of
Approximation.

Acknowledgements
We would like to thank all students who participated in this study and contrib-
uted to collecting data.

Author contributions

Conceptualization: FC; methodology: FC, GM, CT; formal analysis: FC, GM, CT;
data curation: GM, CT; writing—original draft: GM, FC; writing—review and
editing: FC, GM, CT, CL. All authors read and approved the final manuscript.

Funding
The authors received no specific funding for this work.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the University of Florence and with
the 1964 Helsinki Declaration and its later amendments or comparable ethical
standards. The study was approved by the university’s local institutional review
board (Commissione Etica per la Ricerca dell'Universita degli Studi di Firenze,
n. 148-prot. 0134386). Informed consent was obtained from all individual adult
participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neuroscience, Psychology, Drug, and Child’s Health (NEURO-
FARBA), Section of Psychology, University of Florence, Via San Salvi 12-Padigli-
one 26, 50135 Florence, Italy. *School of Psychology, University of Florence,
Florence, Italy. *Centre for Addiction and Mental Health, Toronto, ON, Canada.

Received: 22 July 2022 Accepted: 13 December 2022
Published online: 29 December 2022

References

1. Simon AK, Hollander GA, McMichael A. Evolution of the immune
system in humans from infancy to old age. Proc Biol Sci.
1821;2015(282):20143085. https://doi.org/10.1098/rspb.2014.3085.

2. Schaller M. The behavioural immune system and the psychol-
ogy of human sociality. Philos Trans R Soc Lond B Biol Sci.
2011,366(1583):3418-26. https://doi.org/10.1098/rstb.2011.0029.

3. Faulkner J, Schaller M, Park JH, Duncan LA. Evolved disease-avoidance
mechanisms and contemporary xenophobic attitudes. Group Process
Intergroup Relat. 2004;7(4):333-53. https://doi.org/10.1177/1368430204
046142.

4. Murray DR, Schaller M. The behavioral immune system: implications for
social cognition, social interaction, and social influence. Adv Exp Soc
Psychol. 2016;53:75-129. https://doi.org/10.1016/bs.aesp.2015.09.002.

5. Schaller M, Duncan LA. The behavioral immune system: Its evolu-
tion and social psychological implications. In: Forgas JP, Haselton MG,
von Hippel W, editors. Evolution and the social mind: evolutionary

20.

21.

22.

23.

24.

Page 11 of 14

psychology and social cognition. UK: Routledge/Taylor & Francis Group;
2007. p. 293-307.

Schaller M, Park JH. The behavioral immune system (and why it mat-
ters). Curr Dir Psychol Sci. 2011;20(2):99-103. https://doi.org/10.1177/
0963721411402596.

Duncan LA, Schaller M, Park JH. Perceived Vulnerability to Disease:
development and validation of a 15-item self-report instrument. Pers
Individ Dif. 2009;47(6):541-6. https://doi.org/10.1016/j.paid.2009.05.001.
Boyraz G, Legros DN, Tigershtrom A. COVID-19 and traumatic stress:

the role of perceived vulnerability, COVID-19-related worries, and social
isolation. J Anxiety Disord. 2020;76:102307. https://doi.org/10.1016/j.
janxdis.2020.102307.

Goh J. Perceived vulnerability to disease predicts restrictive policy sup-
ports in response to the 2019-nCoV (“Wuhan virus”) outbreak. PsyArXiv
[Preprint].2020.

Hromatko |, Tonkovi¢ M, Vranic A. Trust in Science, Perceived Vulner-
ability to Disease, and adherence to pharmacological and non-pharma-
cological COVID-19 recommendations. Front Psychol. 2021;12:664554.
https://doi.org/10.3389/fpsyg.2021.664554.

Moran JB, Goh JX, Kerry N, Murray DR. Outbreaks and outgroups: three
tests of the relationship between disease avoidance motives and xeno-
phobia during an emerging pandemic. Evol Psychol Sci. 2021;7(4):419—
29. https://doi.org/10.1007/540806-021-00283-z.

Rokvi¢ N, Karan V. Serbian adaptation of the Perceived Vulnerability

to Disease (PVD) scale. Engrami. 2022. https://doi.org/10.5937/engra
mi43-31095.

Shook NJ, Sevi B, Lee J, Oosterhoff B, Fitzgerald HN. Disease avoidance
in the time of COVID-19: the behavioral immune system is associ-

ated with concern and preventative health behaviors. PLoS ONE.
2020;15(8):20238015. https://doi.org/10.1371/journal.pone.0238015.
Stangier U, Kananian S, Schiller J. Perceived Vulnerability to Disease,
knowledge about COVID-19, and changes in preventive behavior
during lockdown in a German convenience sample. Curr Psychol. 2021.
https://doi.org/10.1007/512144-021-01456-6.

Tybur JM, Lieberman D, Fan L, Kupfer TR, de Vries RE. Behavioral
Immune trade-offs: interpersonal value relaxes social pathogen avoid-
ance. Psychol Sci. 2020;31(10):1211-21. https//doi.org/10.1177/09567
97620960011.

Asmundson GJG, Taylor S. How health anxiety influences responses to
viral outbreaks like COVID-19: what all decision-makers, health authori-
ties, and health care professionals need to know. J Anxiety Disord.
2020;71:102211. https://doi.org/10.1016/jjanxdis.2020.102211.

Taylor S, Landry CA, Paluszek MM, Fergus TA, McKay D, Asmundson GJG.
COVID stress syndrome: concept, structure, and correlates. Depress
Anxiety. 2020;37(8):706-14. https://doi.org/10.1002/da.23071.
Pelechano V, Rodriguez L, Garcia J, Antuia M. Estabilidad, consistencia y
cambio en personalidad [stability, consistency and change in personal-
ityl. In: Pelechano V, editor. Psicologia sistematica de la personalidad
[systematic psychology of personality]. Barcelona: Ariel; 2000. p. 135-76.
Kang L, Ma S, Chen M, Yang J, Wang Y, Li R, Yao L, Bai H, Cai Z, Xiang
Yang B, Hu S, Zhang K, Wang G, Ma C, Liu Z. Impact on mental health
and perceptions of psychological care among medical and nursing
staff in Wuhan during the 2019 novel coronavirus disease outbreak: a
cross-sectional study. Brain Behav Immun. 2020;87:11-7. https://doi.
0rg/10.1016/}.bbi.2020.03.028.

Mukhtar S. Psychological health during the coronavirus disease 2019
pandemic outbreak. Int J Soc Psychiatry. 2020;,66(5):512-6. https://doi.
org/10.1177/0020764020925835.

Pakpour AH, Griffiths MD. The fear of COVID-19 and its role in preven-
tive behaviors. J Concurrent Disorders. 2020;2(1):58-63.

Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS, Ho RC. Immediate psychologi-
cal responses and associated factors during the initial stage of the 2019
coronavirus disease (COVID-19) epidemic among the general popula-
tion in China. Int J Environ Res Public Health. 2020;17(5):1729. https.//
doi.org/10.3390/ijerph17051729.

Zandifar A, Badrfam R. Iranian mental health during the COVID-19
epidemic. Asian J Psychiatr. 2020;51:101990. https://doi.org/10.1016/j.
ajp.2020.101990.

Do BU EA, de Alexandre MES, Rezende AT, Bezerra VADS. Perceived
vulnerability to disease: adaptation and validation of the PVD-br. Curr
Psychol. 2021;10:1-14. https://doi.org/10.1007/512144-021-02424-w.


https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1098/rstb.2011.0029
https://doi.org/10.1177/1368430204046142
https://doi.org/10.1177/1368430204046142
https://doi.org/10.1016/bs.aesp.2015.09.002
https://doi.org/10.1177/0963721411402596
https://doi.org/10.1177/0963721411402596
https://doi.org/10.1016/j.paid.2009.05.001
https://doi.org/10.1016/j.janxdis.2020.102307
https://doi.org/10.1016/j.janxdis.2020.102307
https://doi.org/10.3389/fpsyg.2021.664554
https://doi.org/10.1007/s40806-021-00283-z
https://doi.org/10.5937/engrami43-31095
https://doi.org/10.5937/engrami43-31095
https://doi.org/10.1371/journal.pone.0238015
https://doi.org/10.1007/s12144-021-01456-6
https://doi.org/10.1177/0956797620960011
https://doi.org/10.1177/0956797620960011
https://doi.org/10.1016/j.janxdis.2020.102211
https://doi.org/10.1002/da.23071
https://doi.org/10.1016/j.bbi.2020.03.028
https://doi.org/10.1016/j.bbi.2020.03.028
https://doi.org/10.1177/0020764020925835
https://doi.org/10.1177/0020764020925835
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.1016/j.ajp.2020.101990
https://doi.org/10.1016/j.ajp.2020.101990
https://doi.org/10.1007/s12144-021-02424-w

Chiesi et al. BMC Psychology

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2022) 10:321

Diaz A, Soriano JF, Belefia A. Perceived Vulnerability to Disease Ques-
tionnaire: factor structure, psychometric properties, and gender differ-
ences. Pers Individ Dif. 2016;101:42-9. https://doi.org/10.1016/j.paid.
2016.05.036.

Ferreira J, Magalhdes AC, Bem-Haja P, Alho L, Silva CF, Soares SC. Per-
ceived Vulnerability to Disease Questionnaire: psychometric validation
with a Portuguese sample. BMC Psychol. 2022 May 22;10(1):130. https://
doi.org/10.1186/540359-022-00838-0. Erratum in: BMC Psychol. 2022
Jun 15;10(1):150. PMID: 35599319; PMCID: PMC9124547.

Murray DR, Jones DN, Schaller M. Perceived threat of infectious disease
and its implications for sexual attitudes. Pers Individ Dif. 2013;54(1):103—
8. https://doi.org/10.1016/j.paid.2012.08.021.

Makhanova A, Miller SL, Maner JK. Germs and the out-group: chronic
and situational disease concerns affect intergroup categorization. Evol
Behav Sci. 2015;9(1):8-19.

Miller SL, Maner JK. Overperceiving disease cues: the basic cognition of
the behavioral immune system. J Pers Soc Psychol. 2012;102(6):1198-
213. https//doi.org/10.1037/a0027198.

Prokop P, Fan¢ovicova J. The effect of owning animals on perceived vul-
nerability to, and avoidance of, parasitic diseases in humans. J Individ
Differ. 2011;32(3):129-36. https://doi.org/10.1027/1614-0001/a000045.
Wu BP, Chang L. The social impact of pathogen threat: How disease
salience influences conformity. Pers Individ Dif. 2012;53(1):50-4. https://
doi.org/10.1016/).paid.2012.02.023.

Ainsworth SE, Maner JK. Hunger moderates the activation of psycho-
logical disease avoidance mechanisms. Evol Behav Sci. 2014;8(4):303-
13. https://doi.org/10.1037/ebs0000015.

Tybur JM, Lieberman D, Griskevicius V. Microbes, mating, and morality:
individual differences in three functional domains of disgust. J Pers Soc
Psychol. 2009;97(1):103-22. https://doi.org/10.1037/a0015474.

Prokop P, Fancovicova J. Self-protection versus disease avoidance: the
perceived physical condition is associated with fear of predators in
humans. J Individ Differ. 2013;34(1):15-23. https://doi.org/10.1027/
1614-0001/a000092.

Magallares A, Fuster-Ruiz De Apodaca MJ, Morales JF. Psychomet-

ric properties and criterion validity of the Perceived Vulnerability

to Disease Scale (PVD) in the Spanish population. Rev Psicol Soc.
2017;32(1):164-95. https://doi.org/10.1080/02134748.2016.1248025.
Byrne BM. A primer of LISREL: basic applications and programming for
confirmatory factor analytic models. New York: Springer Science & Busi-
ness Media; 2012.

De Coninck D, d'Haenens L, Matthijs K. Perceived vulnerability to
disease and attitudes towards public health measures: COVID-19 in
Flanders ,Belgium. Pers Individ Dif. 2020;166:110220. https://doi.org/10.
1016/j.paid.2020.110220.

Olatunji BO, Adams T, Ciesielski B, David B, Sarawgi S, Broman-Fulks

J. The three domains of disgust scale: factor structure, psychometric
properties, and conceptual limitations. Assessment. 2012;19(2):205-25.
https://doi.org/10.1177/1073191111432881.

Tybur J, Bryan A, Lieberman D, Caldwell Hooper A, Merriman L. Sex
differences and sex similarities in disgust sensitivity. Pers Individ Dif.
2011;51(3):343-8. https://doi.org/10.1016/j.paid.2011.04.003.

Curtis V, Aunger R, Rabie T. Evidence that disgust evolved to protect
from risk of disease. Proc R Soc Lond B. 2004. https://doi.org/10.1098/
rsb1.2003.0144.

Fessler DMT, Eng SJ, Navarrete CD. Elevated disgust sensitivity in the
first trimester of pregnancy: evidence supporting the compensatory
prophylaxis hypothesis. Evol Hum Behav. 2005;26(4):344-51. https://doi.
org/10.1016/j.evolhumbehav.2004.12.001.

Fessler DMT, Navarrete CD. Domain-specific variation in disgust sensitiv-
ity across the menstrual cycle. Evol Human Behav. 2003;24(6):406-17.
https://doi.org/10.1016/51090-5138(03)00054-0.

Schimmenti A, Starcevic V, Giardina A, Khazaal Y, Billieux J. Multidimen-
sional Assessment of COVID-19-Related Fears (MAC-RF): a theory-
based instrument for the assessment of clinically relevant fears during
pandemics. Front Psychiatry. 2020;11:748. https://doi.org/10.3389/fpsyt.
2020.00748.

Arslan G, Yildinnm M, Tanhan A, Bulus M, Allen KA. Coronavirus stress,
optimism-pessimism, psychological inflexibility, and psychological
health: psychometric properties of the coronavirus stress measure. Int

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

Page 12 of 14

J Ment Health Addict. 2021;19(6):2423-39. https://doi.org/10.1007/
$11469-020-00337-6.

Crasta D, Daks JS, Rogge RD. Modeling suicide risk among parents dur-
ing the COVID-19 pandemic: psychological inflexibility exacerbates the
impact of COVID-19 stressors on interpersonal risk factors for suicide.

J Contextual Behav Sci. 2020;18:117-27. https://doi.org/10.1016/j.jcbs.
2020.09.003.

Kassim MAM, Pang NTP, Kamu A, Arslan G, Mohamed NH, Zainudin

SP, Ayu F, Ho CM. Psychometric properties of the coronavirus stress
measure with Malaysian young adults: association with psychological
inflexibility and psychological distress. Int J Ment Health Addict. 2021.
https://doi.org/10.1007/511469-021-00622-y.

Satici B, Saricali M, Satici SA, Griffiths MD. Intolerance of uncertainty
and mental wellbeing: serial mediation by rumination and fear of
COVID-19. Int J Ment Health Addict. 2020. https://doi.org/10.1007/
$11469-020-00305-0.

Smith BM, Twohy AJ, Smith GS. Psychological inflexibility and
intolerance of uncertainty moderate the relationship between social
isolation and mental health outcomes during COVID-19. J Contextual
Behav Sci. 2020;18:162-74. https://doi.org/10.1016/},jcbs.2020.09.005.
Havnen A, Anyan F, Hjemdal O, Solem S, Gurigard Riksfjord M, Hagen
K. resilience moderates negative outcome from stress during the
COVID-19 pandemic: a moderated-mediation approach. Int J Environ
Res Public Health. 2020;17(18):6461. https://doi.org/10.3390/ijerp
h17186461.

Song S, Yang X, Yang H, Zhou P, Ma H, Teng C, Chen H, Ou H, Li J,
Mathews CA, Nutley S, Liu N, Zhang X, Zhang N. psychological
resilience as a protective factor for depression and anxiety among
the public during the outbreak of COVID-19. Front Psychol.
2021;11:618509. https://doi.org/10.3389/fpsyg.2020.618500.

Zhang Y, Ma ZF. Impact of the COVID-19 pandemic on mental

health and quality of life among local residents in Liaoning Province,
China: a cross-sectional study. Int J Environ Res Public Health.
2020;17(7):2381. https://doi.org/10.3390/ijerph17072381.

Arslan G, Allen KA. Exploring the association between coronavirus
stress, meaning in life, psychological flexibility, and subjective well-
being. Psychol Health Med. 2021. https://doi.org/10.1080/13548506.
2021.1876892.

Senderskov KM, Dinesen PT, Santini ZI, @stergaard SD. The depressive
state of Denmark during the COVID-19 pandemic. Acta Neuropsychi-
atr. 2020;32(4):226-8. https://doi.org/10.1017/neu.2020.15.

Arslan G, Yildirim M. Coronavirus stress, meaningful living, optimism,
and depressive symptoms: a study of moderated mediation model.
Aust J Psychol. 2021;73(2):113-24. https://doi.org/10.1080/00049530.
2021.1882273.

Zhang J,Yang Z, Wang X, Li J, Dong L, Wang F, Li Y, Wei R, Zhang J.
The relationship between resilience, anxiety and depression among
patients with mild symptoms of COVID-19 in China: a cross-sectional
study. J Clin Nurs. 2020;29(21-22):4020-9. https://doi.org/10.1111/
jocn.15425.

Stewart SH, Watt MC. lliness Attitudes Scale dimensions and their
associations with anxiety-related constructs in a nonclinical sample.
Behav Res Ther. 2000;38(1):83-99. https://doi.org/10.1016/50005-
7967(98)00207-1.

Steimer T. The biology of fear- and anxiety-related behaviors. Dia-
logues Clin Neurosci. 2002;4(3):231-49. https://doi.org/10.31887/
DCNS.2002.4.3/tsteimer.

Mertens G, Gerritsen L, Duijndam S, Salemink E, Engelhard I. Fear of
the coronavirus (COVID-19): predictors in an online study conducted
in March 2020 [Internet]. PsyArXiv; 2020 Apr [cited 2022 Nov 10].
https://doi.org/10.31234/0sf.io/2p57]

Rahman MA, Hoque N, Alif SM, Salehin M, Islam SMS, Banik B, et al.
Factors associated with psychological distress, fear and coping
strategies during the COVID-19 pandemic in Australia. Glob Health.
2020;16(1):95. https://doi.org/10.1186/512992-020-00624-w.
Shigemura J, Ursano RJ, Morganstein JC, Kurosawa M, Benedek DM.
Public responses to the novel 2019 coronavirus (2019-nCoV) in
Japan: mental health consequences and target populations. Psy-
chiatry Clin Neurosci. 2020;74(4):281-2. https://doi.org/10.1111/pcn.
12988.


https://doi.org/10.1016/j.paid.2016.05.036
https://doi.org/10.1016/j.paid.2016.05.036
https://doi.org/10.1186/s40359-022-00838-0
https://doi.org/10.1186/s40359-022-00838-0
https://doi.org/10.1016/j.paid.2012.08.021
https://doi.org/10.1037/a0027198
https://doi.org/10.1027/1614-0001/a000045
https://doi.org/10.1016/j.paid.2012.02.023
https://doi.org/10.1016/j.paid.2012.02.023
https://doi.org/10.1037/ebs0000015
https://doi.org/10.1037/a0015474
https://doi.org/10.1027/1614-0001/a000092
https://doi.org/10.1027/1614-0001/a000092
https://doi.org/10.1080/02134748.2016.1248025
https://doi.org/10.1016/j.paid.2020.110220
https://doi.org/10.1016/j.paid.2020.110220
https://doi.org/10.1177/1073191111432881
https://doi.org/10.1016/j.paid.2011.04.003
https://doi.org/10.1098/rsbl.2003.0144
https://doi.org/10.1098/rsbl.2003.0144
https://doi.org/10.1016/j.evolhumbehav.2004.12.001
https://doi.org/10.1016/j.evolhumbehav.2004.12.001
https://doi.org/10.1016/S1090-5138(03)00054-0
https://doi.org/10.3389/fpsyt.2020.00748
https://doi.org/10.3389/fpsyt.2020.00748
https://doi.org/10.1007/s11469-020-00337-6
https://doi.org/10.1007/s11469-020-00337-6
https://doi.org/10.1016/j.jcbs.2020.09.003
https://doi.org/10.1016/j.jcbs.2020.09.003
https://doi.org/10.1007/s11469-021-00622-y
https://doi.org/10.1007/s11469-020-00305-0
https://doi.org/10.1007/s11469-020-00305-0
https://doi.org/10.1016/j.jcbs.2020.09.005
https://doi.org/10.3390/ijerph17186461
https://doi.org/10.3390/ijerph17186461
https://doi.org/10.3389/fpsyg.2020.618509
https://doi.org/10.3390/ijerph17072381
https://doi.org/10.1080/13548506.2021.1876892
https://doi.org/10.1080/13548506.2021.1876892
https://doi.org/10.1017/neu.2020.15
https://doi.org/10.1080/00049530.2021.1882273
https://doi.org/10.1080/00049530.2021.1882273
https://doi.org/10.1111/jocn.15425
https://doi.org/10.1111/jocn.15425
https://doi.org/10.1016/S0005-7967(98)00207-1
https://doi.org/10.1016/S0005-7967(98)00207-1
https://doi.org/10.31887/DCNS.2002.4.3/tsteimer
https://doi.org/10.31887/DCNS.2002.4.3/tsteimer
https://doi.org/10.31234/osf.io/2p57j
https://doi.org/10.1186/s12992-020-00624-w
https://doi.org/10.1111/pcn.12988
https://doi.org/10.1111/pcn.12988

Chiesi et al. BMC Psychology

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

(2022) 10:321

Qiu J, Shen B, Zhao M, Wang Z, Xie B, Xu Y. A nationwide survey

of psychological distress among Chinese people in the COVID-19
epidemic: implications and policy recommendations. Gen Psychiatr.
2020 Mar 6;33(2):e100213. https://doi.org/10.1136/gpsych-2020-
100213. Erratum in: Gen Psychiatr. 2020 Apr 27,33(2):e100213corr1.
PMID: 32215365; PMCID: PMC7061893.

Knowles KA, Olatunji BO. Anxiety and safety behavior usage during
the COVID-19 pandemic: the prospective role of contamination fear.
J Anxiety Disord. 2021;77:102323. https://doi.org/10.1016/j janxdis.
2020.102323.

Cox RC, Jessup SC, Luber MJ, Olatunji BO. Pre-pandemic disgust
proneness predicts increased coronavirus anxiety and safety
behaviors: evidence for a diathesis-stress model. J Anxiety Disord.
2020,76:102315. https://doi.org/10.1016/j.janxdis.2020.102315.
Taylor S, McKay D, Abramowitz JS. Hypochondriasis and health-
related anxiety. In: Sturmey P, Hersen M, editors. Handbook of
evidence-based practice in clinical psychology. Hoboken: John Wiley
& Sons; 2012. https://doi.org/10.1002/9781118156391.ebcp002026.
Salkovskis PM. The importance of behaviour in the maintenance of
anxiety and panic: a cognitive account. Behav Psychother. 1991;19(1):6—
19. https://doi.org/10.1017/S0141347300011472.

Martinez-Lorca M, Martinez-Lorca A, Criado-Alvarez JJ, Armesilla MDC,
Latorre JM. The fear of COVID-19 scale: validation in spanish university
students. Psychiatry Res. 2020,293:113350. https://doi.org/10.1016/j.
psychres.2020.113350.

Ahorsu DK, Lin CY, Imani V, Saffari M, Griffiths MD, Pakpour AH. The fear
of COVID-19 scale: development and initial validation. Int J Ment Health
Addict. 2020. https://doi.org/10.1007/511469-020-00270-8.

Ahorsu DK, Lin CY, Pakpour AH. The association between health status
and insomnia, mental health, and preventive behaviors: the mediating
role of fear of COVID-19. Gerontol Geriatr Med. 2020. https://doi.org/10.
1177/2333721420966081.

Ahorsu DK, ImaniV, Lin CY, Timpka T, Brostréom A, Updegraff JA,
Arestedt K, Griffiths MD, Pakpour AH. Associations between fear of
COVID-19, mental health, and preventive behaviours across pregnant
women and husbands: an actor-partner interdependence modelling.
Int J Ment Health Addict. 2022;20(1):68-82. https://doi.org/10.1007/
511469-020-00340-x.

Garcia-Reyna B, Castillo-Garcfa GD, Barbosa-Camacho FJ, Cervantes-
Cardona GA, Cervantes-Pérez E, Torres-Mendoza BM, Fuentes-Orozco
C, Pintor-Belmontes KJ, Guzman-Ramirez BG, Bernal-Hernandez A,
Gonzélez-Ojeda A, Cervantes-Guevara G. Fear of COVID-19 scale for
hospital staff in regional hospitals in Mexico: a brief report. Int J Ment
Health Addict. 2022;20(2):895-906. https://doi.org/10.1007/511469-020-
00413-x. Epub 2020 Nov 4. Erratum in: Int J Ment Health Addict. 2021
Jan 27;:1. PMID: 33169075; PMCID: PMC7640993.

Harper CA, Satchell LP, Fido D, Latzman RD. functional fear pre-

dicts public health compliance in the COVID-19 pandemic. Int J

Ment Health Addict. 2021;19(5):1875-88. https://doi.org/10.1007/
$11469-020-00281-5.

Mertens G, Gerritsen L, Duijndam S, Salemink E, Engelhard I. Fear of the
coronavirus (COVID-19): Predictors in an online study conducted in
March 2020 [Internet]. PsyArXiv; 2020 Apr [cited 2022 Nov 10]. https://
doi.org/10.1016/jjanxdis.2020.102258

Vanni G, Materazzo M, Pellicciaro M, Ingallinella S, Rho M, Santori F,
Cotesta M, Caspi J, Makarova A, Pistolese CA, Buonomo OC. Breast
cancer and COVID-19: the effect of fear on patients’ decision-making
process. In Vivo. 2020;34(3 Suppl):1651-9. https://doi.org/10.21873/
invivo.11957.

Wong LE, Hawkins JE, Langness S, Murrell KL, Iris P, Sammann A. Where
are all the patients? Addressing Covid-19 fear to encourage sick
patients to seek emergency care. NEJM Catalyst Innov Care Deliv. 2020.
https://doi.org/10.1056/CAT.20.0193.

Carleton RN. Into the unknown: a review and synthesis of contempo-
rary models involving uncertainty. J Anxiety Disord. 2016;39:30-43.
https://doi.org/10.1016/jjanxdis.2016.02.007.

Koerner N, Dugas MJ. An investigation of appraisals in individuals
vulnerable to excessive worry: the role of intolerance of uncer-

tainty. Cogn Ther Res. 2008,;32(5):619-38. https://doi.org/10.1007/
$10608-007-9125-2.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

Page 13 of 14

Mahoney AE, McEvoy PM. A transdiagnostic examination of intoler-
ance of uncertainty across anxiety and depressive disorders. Cogn
Behav Ther. 2012;41(3):212-22. https://doi.org/10.1080/16506073.2011.
622130.

Chen CY, Hong RY. Intolerance of uncertainty moderates the relation
between negative life events and anxiety. Personal Individ Differ.
2010;49(1):49-53. https://doi.org/10.1016/}.paid.2010.03.006.

Ciarrochi J, Said T, Deane FP. When simplifying life is not so bad: the link
between rigidity, stressful life events, and mental health in an under-
graduate population. Br J Guid Couns. 2005;33(2):185-97. https://doi.
0rg/10.1080/03069880500132540.

Merlo E, Sicari F, Frisone F, Costa G, Alibrandi A, Avena G, et al. Uncer-
tainty, alexithymia, suppression and vulnerability during the COVID-19
pandemic in Italy. Health Psychol Rep. 2021,9(2):169-79. https://doi.
0rg/10.5114/hpr.2021.104078.

Marcinko D, Jakovljevi¢ M, Jaksi¢ N, Bjedov S, Drakuli¢ AM. The
importance of psychodynamic approach during COVID-19 pandemic.
Psychiatr Danub. 2020;32(1):15-21. https://doi.org/10.24869/psyd.2020.
15.

Rossi R, SocciV, Pacitti F, Di Lorenzo G, Di Marco A, Siracusano A, Rossi A.
Mental health outcomes among frontline and second-line health care
workers during the coronavirus disease 2019 (COVID-19) pandemic in
Italy. JAMA Netw Open. 2020;3(5):e2010185. https://doi.org/10.1001/
jamanetworkopen.2020.10185.

Yildinm M, Solmaz F. COVID-19 burnout, COVID-19 stress and resilience:
initial psychometric properties of COVID-19 burnout scale. Death Stud.
2022;46(3):524-32. https://doi.org/10.1080/07481187.2020.1818885.
Gloster AT, Meyer AH, Lieb R. Psychological flexibility as a malleable
public health target: evidence from a representative sample. J Contex-
tual Behav Sci. 2017,6(2):166-71. https://doi.org/10.1016/},jcbs.2017.02.
003.

Presti G, McHugh L, Gloster A, Karekla M, Hayes SC. the dynamics of fear
at the time of Covid-19: a contextual behavioral science perspective.
Clin Neuropsychiatry. 2020;17(2):65-71. https://doi.org/10.36131/
CN20200206.

Doorley JD, Goodman FR, Kelso KC, Kashdan TB. Psychological flexibil-
ity: what we know, what we do not know, and what we think we know.
Soc Personal Psychol Compass. 2020;14(12):1-11. https://doi.org/10.
1111/5pc3.12566.

Kashdan TB, Rottenberg J. Psychological flexibility as a fundamental
aspect of health. Clin Psychol Rev. 2010;30(7):865-78. https://doi.org/
10.1016/j.cpr.2010.03.001.

Bluett EJ, Homan KJ, Morrison KL, Levin ME, Twohig MP. Acceptance
and commitment therapy for anxiety and OCD spectrum disorders: an
empirical review. J Anxiety Disord. 2014;28(6):612-24. https://doi.org/
10.1016/j,janxdis.2014.06.008.

Luthar SS, Cicchetti D, Becker B. The construct of resilience: a critical
evaluation and guidelines for future work. Child Dev. 2000,71(3):543-62.
https://doi.org/10.1111/1467-8624.00164.

Southwick SM, Charney DS. The science of resilience: implica-

tions for the prevention and treatment of depression. Science.
2012;338(6103):79-82. https://doi.org/10.1126/science.1222942.
Poudel-Tandukar K, Chandler GE, Jacelon CS, Gautam B, Bertone-
Johnson ER, Hollon SD. Resilience and anxiety or depression among
resettled Bhutanese adults in the United States. Int J Soc Psychiatry.
2019;65(6):496-506. https://doi.org/10.1177/0020764019862312.
Ristevska-Dimitrovska G, Stefanovski P, Smichkoska S, Raleva M,
Dejanova B. Depression and resilience in breast cancer patients. Open
Access Maced J Med Sci. 2015;3(4):661-5. https://doi.org/10.3889/
0amjms.2015.119.

Ackerman JM, Hill SE, Murray DR. The behavioral immune system:
Current concerns and future directions. Soc Personal Psychol Compass.
2018. https://doi.org/10.1111/spc3.12371.

Makhanova A, Shepherd MA. Behavioral immune system linked to
responses to the threat of COVID-19. Pers Individ Dif. 2020;167:110221.
https://doi.org/10.1016/j.paid.2020.110221.

Stangier U, Kananian S, Schiiller J. Perceived vulnerability to disease,
knowledge about COVID-19, and changes in preventive behavior
during lockdown in a German convenience sample. Curr Psychol.
2022;41(10):7362-70. https://doi.org/10.1007/512144-021-01456-6.


https://doi.org/10.1136/gpsych-2020-100213
https://doi.org/10.1136/gpsych-2020-100213
https://doi.org/10.1016/j.janxdis.2020.102323
https://doi.org/10.1016/j.janxdis.2020.102323
https://doi.org/10.1016/j.janxdis.2020.102315
https://doi.org/10.1002/9781118156391.ebcp002026
https://doi.org/10.1017/S0141347300011472
https://doi.org/10.1016/j.psychres.2020.113350
https://doi.org/10.1016/j.psychres.2020.113350
https://doi.org/10.1007/s11469-020-00270-8
https://doi.org/10.1177/2333721420966081
https://doi.org/10.1177/2333721420966081
https://doi.org/10.1007/s11469-020-00340-x
https://doi.org/10.1007/s11469-020-00340-x
https://doi.org/10.1007/s11469-020-00413-x
https://doi.org/10.1007/s11469-020-00413-x
https://doi.org/10.1007/s11469-020-00281-5
https://doi.org/10.1007/s11469-020-00281-5
https://doi.org/10.1016/j.janxdis.2020.102258
https://doi.org/10.1016/j.janxdis.2020.102258
https://doi.org/10.21873/invivo.11957
https://doi.org/10.21873/invivo.11957
https://doi.org/10.1056/CAT.20.0193
https://doi.org/10.1016/j.janxdis.2016.02.007
https://doi.org/10.1007/s10608-007-9125-2
https://doi.org/10.1007/s10608-007-9125-2
https://doi.org/10.1080/16506073.2011.622130
https://doi.org/10.1080/16506073.2011.622130
https://doi.org/10.1016/j.paid.2010.03.006
https://doi.org/10.1080/03069880500132540
https://doi.org/10.1080/03069880500132540
https://doi.org/10.5114/hpr.2021.104078
https://doi.org/10.5114/hpr.2021.104078
https://doi.org/10.24869/psyd.2020.15
https://doi.org/10.24869/psyd.2020.15
https://doi.org/10.1001/jamanetworkopen.2020.10185
https://doi.org/10.1001/jamanetworkopen.2020.10185
https://doi.org/10.1080/07481187.2020.1818885
https://doi.org/10.1016/j.jcbs.2017.02.003
https://doi.org/10.1016/j.jcbs.2017.02.003
https://doi.org/10.36131/CN20200206
https://doi.org/10.36131/CN20200206
https://doi.org/10.1111/spc3.12566
https://doi.org/10.1111/spc3.12566
https://doi.org/10.1016/j.cpr.2010.03.001
https://doi.org/10.1016/j.cpr.2010.03.001
https://doi.org/10.1016/j.janxdis.2014.06.008
https://doi.org/10.1016/j.janxdis.2014.06.008
https://doi.org/10.1111/1467-8624.00164
https://doi.org/10.1126/science.1222942
https://doi.org/10.1177/0020764019862312
https://doi.org/10.3889/oamjms.2015.119
https://doi.org/10.3889/oamjms.2015.119
https://doi.org/10.1111/spc3.12371
https://doi.org/10.1016/j.paid.2020.110221
https://doi.org/10.1007/s12144-021-01456-6

Chiesi et al. BMC Psychology

96.

97.

98.

99.

100.

102.

103.

104.

105.

106.

107.

108.

109.

110.

M.

112,

114.

115.

(2022) 10:321

Biernacki P, Waldorf D. Snowball sampling: problems and techniques of
chain referral sampling. Sociol Methods Res. 1981;10(2):141-63. https://
doi.org/10.1177/004912418101000205.

Mundfrom DJ, Shaw DG, Ke TL. Minimum sample size recommenda-
tions for conducting factor analyses. Int J Test. 2005;5(2):159-68. https://
doi.org/10.1207/515327574ijt0502_4.

Forero CG, Maydeu-Olivares A, Gallardo-Pujol D. Factor analysis with
ordinal indicators: A monte carlo study comparing DWLS and ULS esti-
mation. Struct Eqn Model. 2009;16:625-641. https://doi.org/10.1080/
10705510903203573.

Lonner WJ, Berry JW. Field methods in cross-cultural research. Thousand
Oaks: Sage Publications Inc; 1986.

Carleton RN, Norton MA, Asmundson GJ. Fearing the unknown: a

short version of the intolerance of uncertainty scale. J Anxiety Disord.
2007;21(1):105-17. https://doi.org/10.1016/j,janxdis.2006.03.014.
Lauriola M, Mosca O, Carleton RN. Hierarchical factor structure of the
Intolerance of Uncertainty Scale short form (IUS-12) in the Italian
version. TPM Test Psychom Methodol Appl Psychol. 2016;23(3):377-94.
https://doi.org/10.4473/TPM23.3.8.

Bond FW, Hayes SC, Baer RA, Carpenter KM, Guenole N, Orcutt HK, Waltz
T, Zettle RD. Preliminary psychometric properties of the acceptance and
action questionnaire-II: a revised measure of psychological inflexibility
and experiential avoidance. Behav Ther. 2011;42(4):676-88. https://doi.
0rg/10.1016/j.beth.2011.03.007.

Pennato T, Berrocal C, Bernini O, Rivas T. Italian version of the accept-
ance and action questionnaire-Il (AAQ-II): dimensionality, reliability,
convergent and criterion validity. J Psychopathol Behav Assess.
2013;35(4):552-63. https://doi.org/10.1007/510862-013-9355-4.
Connor KM, Davidson JR. Development of a new resilience scale:

the Connor-Davidson Resilience Scale (CD-RISC). Depress Anxiety.
2003;18(2):76-82. https://doi.org/10.1002/da.10113.

Campbell-Sills L, Stein MB. Psychometric analysis and refinement of the
Connor-Davidson Resilience Scale (CD-RISC): validation of a 10-item
measure of resilience. J Trauma Stress. 2007;20(6):1019-28. https://doi.
org/10.1002/jts.20271.

Di Fabio A, Palazzeschi L. Connor-Davidson Resilience Scale: psy-
chometric properties of the Italian version. Couns Ital J Res Appl.
2012;5(1):101-9.

Henry JD, Crawford JR. The short-form version of the depression anxiety
stress scales (DASS-21): construct validity and normative data in a large
non-clinical sample. Br J Clin Psychol. 2005;44(Pt 2):227-39. https://doi.
0rg/10.1348/014466505X29657.

Bottesi G, Ghisi M, Altoe G, Conforti E, Melli G, Sica C. The Italian ver-
sion of the Depression Anxiety Stress Scales-21: factor structure and
psychometric properties on community and clinical samples. Compr
Psychiatry. 2015;60:170-81. https://doi.org/10.1016/j.comppsych.2015.
04.005.

Bonacchi A, Chiesi F, Lau C, Marunic G, Saklofske DH, Marra F, Miccinesi
G. Rapid and sound assessment of well-being within a multi-dimen-
sional approach: the Well-Being Numerical Rating Scales (WB-NRSs).
PLoS ONE. 2021;16(6):€0252709. https://doi.org/10.1371/journal.pone.
0252709.

Kline RB. Principles and practices of structural equation modeling. 4th
ed. New York: The Guilford Press; 2016.

Muthen B, Kaplan D. A comparison of some methodologies for the
factor analysis of non-normal Likert variables: a note on the size of the
model. Br J Math Stat Psychol. 1992;45(1):19-30. https://doi.org/10.
1111/}.2044-8317.1992.tb00975 .

Lorenzo-Seva U, Ferrando PJ. FACTOR: a computer program to fit the
exploratory factor analysis model. Behav Res Methods. 2006;38(1):88—
91. https://doi.org/10.3758/bf03192753.

Timmerman ME, Lorenzo-Seva U. Dimensionality assessment of
ordered polytomous items with parallel analysis. Psychol Methods.
2011;16(2):209-20. https://doi.org/10.1037/a0023353.

JASP Team. JASP (Version 0.16.3): 2022 [Computer software]. https://
jasp-stats.org/.

Li CH. The performance of ML, DWLS, and ULS estimation with robust
corrections in structural equation models with ordinal variables. Psy-
chol Methods. 2016;21(3):369-87. https://doi.org/10.1037/met0000093.

117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

129.

Page 14 of 14

Kogar H, Yilmaz KE. Comparison of different estimation methods for
categorical and ordinal data in confirmatory factor analysis. J Meas Eval
Educ Psychol. 2016. https://doi.org/10.21031/epod.94857.

Chen FF. Sensitivity of goodness of fit indexes to lack of measurement
invariance. Struct Equ Model. 2007;14(3):464-504. https://doi.org/10.
1080/10705510701301834.

Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for
testing measurement invariance. Struct Equ Model. 2002;9(2):233-55.
https://doi.org/10.1207/515328007sem0902_5.

Jeffreys H. The theory of probability. Oxford: OUP Oxford; 1998.

Ly A, Verhagen J, Wagenmakers EJ. An evaluation of alternative meth-
ods for testing hypotheses, from the perspective of Harold Jeffreys. J
Math Psychol. 2016;72:43-55.

Jarosz AF, Wiley J. What are the odds? A practical guide to computing
and reporting Bayes factors. J Probl Solving. 2014;7(1):2. https://doi.org/
10.7771/1932-6246.1167.

McCrae RR, Kurtz JE, Yamagata S, Terracciano A. Internal consistency,
retest reliability, and their implications for personality scale validity. Pers
Soc Psychol Rev. 2011;15(1):28-50. https://doi.org/10.1177/1088868310
366253.

Dong M, Zheng J. Letter to the editor: headline stress disorder

caused by Netnews during the outbreak of COVID-19. Health Expect.
2020;23(2):259-60. https://doi.org/10.1111/hex.13055.

Olatunji BO, Etzel EN, Tomarken AJ, Ciesielski BG, Deacon B. The effects
of safety behaviors on health anxiety: an experimental investigation.
Behav Res Ther. 2011,49(11):719-28. https://doi.org/10.1016/j.brat.2011.
07.008.

Rachman S, Radomsky AS, Shafran R. Safety behaviour: a reconsidera-
tion. Behav Res Ther. 2008;46(2):163-73. https://doi.org/10.1016/j.brat.
2007.11.008.

Oaten MJ, Stevenson RJ, Case Tl. Compensatory up-regulation of
behavioral disease avoidance in immuno-compromised people with
rheumatoid arthritis. Evol Hum Behav. 2017;38(3):350-6. https://doi.org/
10.1016/j.evolhumbehav.2016.11.006.

Stevenson RJ, Saluja S, Case Tl. The impact of the Covid-19 pandemic
on disgust sensitivity. Front Psychol. 2021;20(11):600761. https://doi.
0rg/10.3389/fpsyg.2020.600761.

Mitkowska K, Galbarczyk A, Mijas M, Jasienska G. Disgust sensitiv-

ity among women during the COVID-19 outbreak. Front Psychol.
2021;12:622634. https://doi.org/10.3389/fpsyg.2021.622634.

Yamada Y, Xu H, Sasaki K. A dataset for the perceived vulnerability to
disease scale in Japan before the spread of COVID-19. F1000Research.
2020;9:334. https://doi.org/10.12688/f1000research.23713.2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/004912418101000205
https://doi.org/10.1177/004912418101000205
https://doi.org/10.1207/s15327574ijt0502_4
https://doi.org/10.1207/s15327574ijt0502_4
https://doi.org/10.1080/10705510903203573
https://doi.org/10.1080/10705510903203573
https://doi.org/10.1016/j.janxdis.2006.03.014
https://doi.org/10.4473/TPM23.3.8
https://doi.org/10.1016/j.beth.2011.03.007
https://doi.org/10.1016/j.beth.2011.03.007
https://doi.org/10.1007/s10862-013-9355-4
https://doi.org/10.1002/da.10113
https://doi.org/10.1002/jts.20271
https://doi.org/10.1002/jts.20271
https://doi.org/10.1348/014466505X29657
https://doi.org/10.1348/014466505X29657
https://doi.org/10.1016/j.comppsych.2015.04.005
https://doi.org/10.1016/j.comppsych.2015.04.005
https://doi.org/10.1371/journal.pone.0252709
https://doi.org/10.1371/journal.pone.0252709
https://doi.org/10.1111/j.2044-8317.1992.tb00975.x
https://doi.org/10.1111/j.2044-8317.1992.tb00975.x
https://doi.org/10.3758/bf03192753
https://doi.org/10.1037/a0023353
https://jasp-stats.org/
https://jasp-stats.org/
https://doi.org/10.1037/met0000093
https://doi.org/10.21031/epod.94857
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1207/s15328007sem0902_5
https://doi.org/10.7771/1932-6246.1167
https://doi.org/10.7771/1932-6246.1167
https://doi.org/10.1177/1088868310366253
https://doi.org/10.1177/1088868310366253
https://doi.org/10.1111/hex.13055
https://doi.org/10.1016/j.brat.2011.07.008
https://doi.org/10.1016/j.brat.2011.07.008
https://doi.org/10.1016/j.brat.2007.11.008
https://doi.org/10.1016/j.brat.2007.11.008
https://doi.org/10.1016/j.evolhumbehav.2016.11.006
https://doi.org/10.1016/j.evolhumbehav.2016.11.006
https://doi.org/10.3389/fpsyg.2020.600761
https://doi.org/10.3389/fpsyg.2020.600761
https://doi.org/10.3389/fpsyg.2021.622634
https://doi.org/10.12688/f1000research.23713.2

	The psychometric properties and gender invariance of the Italian version of the Perceived Vulnerability to Disease Questionnaire (I-PVDQ) during the COVID-19 pandemic
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Objectives
	Methods
	Participants and procedure
	Measures
	Statistical analysis

	Results
	Descriptives
	Factorial structure and reliability of the I-PVDQ (single group analyses)
	Invariance of the I-PVDQ across genders (multi-group analysis)
	Correlations with related constructs and gender differences

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


