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Abstract
Perceived vulnerability to disease is characterized by the extent to which individuals perceive themselves to be susceptible 
to contracting infectious diseases, as well as by the emotional discomfort that results from assessing the risk of getting con-
taminated by pathogens. The PVD self-report scale, which measures this construct, is widely used internationally. However, 
it has not yet been adapted for Brazil. To address this gap, we adapted and validated the PVD scale for the Brazilian context 
(PVD-br) in four studies. Study 1 (N = 39) addressed translation, expert validation, and assessment of the comprehensibil-
ity of the scale’s items. Study 2 (N = 200) showed that the items were organized into two correlated factors and tested the 
scale’s items quality using the Item Response Theory. Study 3 (N = 201) confirmed the bifactorial structure and examined 
the invariance of PVD-br for men and women, while Study 4 analyzed the convergent (N = 432) and discriminant (N = 181) 
validity of the instrument. Results indicate strong evidence of content, factorial, and criterion validity.
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Infectious diseases have represented a great threat to 
humanity’s well-being and its existence. It is estimated that 
such diseases, caused by microorganisms such as viruses, 
bacteria, protozoa, and fungi were to blame for decimating 
more human lives than all wars, non-infectious diseases, 
and natural disasters (Inhorn & Brown, 1990). Due to these 
diseases’ devastating capacity, the development of research 
that seeks to comprehend their biological, social, economic, 
and psychological implications has become commonplace 
(Segurado et al., 2016). Within this framework, studies 
regarding the population’s perceived vulnerability to disease 

are important to comprehend social behaviors that facilitate 
the contraction of infecto-contagious diseases (Duncan et al., 
2009; Park et al., 2013).

Perceived vulnerability to disease has been studied 
in relation to people’s disgust sensitivity (Olatunji et al., 
2008), attitudes toward disease (Ferguson & Daniel, 1995), 
hypochondria (Kellner, 1986), anxiety (Salkovskis et al., 2002), 
socio-sexual orientations (Simpson & Gangestad, 1991), and 
beliefs about a dangerous world (Altemeyer, 1988). Previous 
research also shows associations between the construct and 
lower levels of friendship with disabled people (Park et al., 
2003), avoidance behaviors toward obese people (Park et al., 
2007), negative attitudes against immigrants (Faulkner et al., 
2004), ideological positioning (Alexandre et al., 2020; Green 
et al. 2010), and personality traits (Alexandre et al., 2020). In 
this context, “perceived vulnerability to disease works as an 
adaptive strategy which explains why individuals perceived as 
a source of contagion are avoided” (Díaz et al., 2016, p. 42).

Aiming to resolve the limitations of previous instruments 
used to assess the perceived vulnerability to disease (e.g., 
disgust sensitivity scales and hypochondria and health-
related anxiety measures; Haidt et al., 1994; Olatunji et al., 
2008; Pilowsky, 1967), the construct has been assessed 
through the Perceived Vulnerability to Disease scale (PVD; 
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Duncan et al., 2009), which contains 15 items distributed 
across two dimensions. The first dimension, denominated 
as Perceived Infectability (PI), includes 7 items that assess 
beliefs related to immunological functioning and the per-
ceived susceptibility to getting infectious diseases. The 
second one, called Germ Aversion (GA), includes 8 items 
responsible for assessing aversive affective reactions to situ-
ations in which there is a high probability of pathogen trans-
mission. It is a self-report instrument that has acceptable 
indices of internal consistency, so it is able to reliably assess 
individual differences in terms of perceived vulnerability to 
diseases.

In the original validation studies of the instrument, Duncan 
et al. (2009) showed that the PVD was related to disgust 
sensitivity as well as illness attitudes. However, the authors 
argue that even though there is a relationship between disgust 
sensitivity and PVD, they are different, as the former relates 
to a set of circumstances that tend to trigger disgust, while 
the latter has to do with how much people see themselves 
as vulnerable to certain diseases, as well as the emotional 
distress that this risk assessment causes (Duncan et al., 2009). 
Furthermore, attitudes toward illness should differ from 
PVD, as the former refers to concerns, behaviors, beliefs, 
and general feelings about the possibility of becoming ill, 
whereas PVD specifically assesses beliefs about susceptibility 
to infectious diseases (Duncan et al., 2009; Stewart and Watt, 
2000). Although Duncan et al. (2009) did not test the temporal 
stability of the construct in previous studies, Díaz et al. (2016) 
demonstrated high temporal stability (through test-retest 
analysis) when conducting adaptation and validation studies 
of the scale for the Spanish context.

Despite the wide use of this measure at an international 
level, the scale still needs to be adapted for the Brazilian 
context, even though it has already been used by Alexandre 
et al. (2020) to verify its predictive effect on the concern of 
getting COVID-19. Also, considering that previous research 
has identified gender differences in PVD scores (Coninck 
et al., 2020; Díaz et al., 2016; Duncan et al., 2009), it is 
important to provide evidence for the configurational, met-
ric, and scalar invariance of the instrument and to indicate 
whether it is an equivalent measure for men and women. 
Considering the need to address this gap, in this research 
program, we aimed to present evidence of the validity of 
the Perceived Vulnerability to Disease scale in the Brazilian 
context (PVD-br).

Overview of the Present Research

To propose a cross-cultural adaptation and validation of 
the Perceived Vulnerability to Disease scale (PVD), we 
carried out four studies in Brazil to demonstrate the evi-
dence of the validity of the PVD-br. In the first study, we 

addressed translation, expert validation, and assessment 
of the comprehensibility of the scale items. In the second 
and the third studies, we sought validity and reliability 
evidence based on the internal structure of the measure 
through exploratory and confirmatory factorial analyses. 
Also, in the third study, a multi-group factorial analysis 
was used to provide evidence for the configurational, met-
ric, and scalar invariance of the instrument to measure the 
PVD expression for men and women. Finally, in the fourth 
study, we aimed to gather validity evidence based on the 
relationships between the PVD-br and other measures. 
Specifically, we carried out convergent and discriminant 
analyses of the PVD-br with measures of disgust sensitiv-
ity, illness attitudes, social desirability and biological rac-
ism. The studies’ procedures were approved by a Research 
Ethics Committee as required by the Brazilian National 
Health Council, and to make part of the studies’ samples, 
participants should agree to the Informed Consent Form, 
where information regarding the objectives of the investi-
gations and how to contact the responsible researcher was 
available. Datasets and supplemental material used in this 
research program can be accessed at the OSF repository 
platform: https://​osf.​io/​6t3ds.

Study 1. Content Validity of the PVD‑Br

We aimed to adapt the PVD items for the Brazilian context 
and explore the scale’s content validity by conducting an 
expert-rater analysis and an initial pre-test to evaluate the 
comprehensibility of the items in a community sample 
(the target population of PVD-br). To do this, we followed 
two sequential steps: first, we translated the PVD items to 
Brazilian Portuguese; then, we conducted an evaluation to 
ensure translation precision, accuracy, and clarity (Study 
1a), as well as a pre-test of the comprehensibility of the 
PVD-br items (Study 1b).

Study 1a

Method

Participants

Four Brazilian psychologists, two men and two women, 
aged between 24 and 30 (M = 27.0; SD = 2.94), were 
invited to be the raters of PVD-br. They were chosen due 
to their résumés, available on the Lattes Platform, which 
demonstrate their expertise in Portuguese and English and 
their research interests linked to healthcare issues.

https://osf.io/6t3ds
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Instrument and Procedure for Data Collection

First, the authors translated from English to Portuguese the 
15 items of the PVD scale (Duncan et al., 2009). Then, the 
items in Portuguese were back-translated to verify whether 
they were equivalent to the original scale and adequate to 
the Brazilian context by a native English speaker fluent in 
Brazilian Portuguese. Items in Brazilian Portuguese and 
English are available to be consulted at the OSF platform. 
Finally, an online form with questions regarding (a) trans-
lation precision (precise translation of the PVD’s items to 
Portuguese); (b) accuracy (adequate operationalization of 
the construct); and (c) clarity (clear comprehension by all 
levels of the target population) of the items was applied with 
four Brazilian Psychologists that had expertise in Portuguese 
and English and have research interests linked to healthcare 
issues. These raters were invited via email with a link to rate 
the PVD-br items on a 4-point scale (1 = totally inadequate; 
2 = inadequate; 3 = adequate; 4 = totally adequate). Items 
with mean scores above three were considered precise in 
translation, accuracy, and clarity.

Data Analysis Procedure

Translation precision, accuracy, and clarity of the items were 
analyzed through the content validity coefficient (CVC), 
which assesses inter-raters’ agreement among judges (Aiken, 
1980). More specifically, we calculated the CVC for content 
expert’s judgment (CVCj), for each item (CVCi), and for the 
total scale (CVCt), using CVC values ≥ .80 as the criterion 
for content validity (Aiken, 1985).

Results

Results indicate excellent inter-rater agreement regarding 
precision of translation (CVCt = .99), accuracy (CVCt = .98), 
and clarity (CVCt = .99) of items (see supplementary mate-
rial for detailed analysis). All mean scores for these domains 
were above 3, thus considered by the judges as adequate or 
completely adequate (Alexandre & Coluci, 2011).

Study 1b

Method

Participants

Thirty-five Brazilians (10 people with high school diplomas, 
10 undergraduates, and 15 graduate students) participated in 
this study. The participants’ ages ranged from 19 to 75 years 
(M = 31.00; SD = 11.59), the majority being female (77.1%). 
This sample size was established following the specialized 

literature on the development and adaptation of the meas-
ure’s items (DeVellis, 2016).

Instrument

We used an online questionnaire for evaluating the wording 
comprehensibility of the 15 PVD-br’s items. Participants 
were asked to answer, on a scale from 1 (not at all) to 5 
(totally), how much they perceived each item as being writ-
ten in an understandable and clear way. Also, they could 
suggest modifications to make the sentences more straight-
forward and understandable.

Data Collection and Analytical Procedures

Data were collected online using the Qualtrics platform. The 
mean of item clarity (could vary from 1 to 5) was calculated 
and used to determine the comprehension and face validity 
of each item (Dimitrov, 2012; Streiner et al., 2015). Student 
t-tests were used to test whether the calculated means dif-
fered from the scale’s mid-point (3.0).

Results

When it comes to the wording comprehensibility of the 
PVD-br’s items, none were corrected or removed. Moreover, 
they all had mean scores above 4.0 (means varied from 4.02 
- item 1 - to 4.85 - item 1). Student t-tests revealed that all 
of these means were significantly different (p = .001) from 
the average point in the scale (3.0), indicating that the items 
were clear and understandable to the target population of 
this study (Dimitrov, 2012; Streiner and Kottner, 2014). The 
detailed analysis from the mean comparisons is available as 
part of the supplementary material at OSF.

Discussion

Results from this study showed preliminary evidence of the 
content validity of the PVD-br. Therefore, the items proved 
to be clear and straightforward, evincing the individual’s 
perceived vulnerability to disease. However, other forms of 
validity need to be ensured. To fill such a gap, we developed 
Study 2.

Study 2. Evidence of Factorial Validity 
and Internal Consistency for the PVD‑Br

In Study 2 we aimed to gather preliminary evidence of 
factorial validity and internal consistency for the PVD-br. 
Additionally, we aimed to analyze the scale’s items quality 
through the Item Response Theory (Primi, 2004).
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Method

Participants

Two hundred and twenty-one Brazilians were invited to 
take part in a study of perceived vulnerability to disease. 
However, twenty participants did not reach the end of the 
questionnaire and were excluded. Our final sample had two 
hundred and one participants with ages averaging 27 years 
(SD = 9.21; varying between 18 and 62 years). The major-
ity indicated that they were females (76%), residing in the 
Northeast of the country (91.1%) and having an income of 3 
to 4 minimum wages (31.8%). 49.2% were white and 56.6% 
had finished undergraduate courses. They were selected 
using non-probabilistic sampling techniques, considering 
as inclusion criteria being of an age equal to or over 18 and 
agreeing to voluntarily participate in the study. We defined 
this sample size using as a minimum criterion ten partici-
pants per scale item (Nunnally, 1978).

Instruments and Data Collection Procedure

Participants answered a questionnaire with socio-demo-
graphic questions (e.g., age, income, and sex) and the 
PVD-br in February of 2020. PVD-br items were randomly 
presented to participants and answered on a 7-point scale 
ranging from 1 = totally disagree to 7 = totally agree. Data 
collection was carried out online with the use of the Qual-
trics platform. Participants were invited to take part in 
the study at social networks platforms, such as Facebook, 
WhatsApp, and Instagram. Initially, after accessing the link, 
participants received information regarding the goals of the 
study, the anonymity of their participation, and the possibil-
ity of giving up on the research which would not lead to any 
negative consequences. Only the participants who agreed 
with the Free Research Informed Consent Form could con-
tinue answering the questionnaire. On average, participants 
spent 8 min answering the questionnaire.

Data Analysis Procedure

Data analysis was performed using IBM® SPSS® (version 
26) and the R-Studio software. Descriptive statistics were 
calculated to characterize the participants in the study, 
and exploratory factor analysis (EFA) was conducted to 
determine the factorial structure of the measure. First, KMO 
criterion and Barlett’s Sphericity Test were used to assess 
the suitability of the data for conducting EFA. To determine 
the number of factors in the PVD-br, we used both classical 
statistical and theoretical criteria related to the definition of 
PVD. For the statistical criteria, we referred to the Kaiser 

criterion, which indicates the extraction of factors that have 
an eigenvalue of 1 or more; the Cattell criterion, which 
defends the factorial structure with the number of dimensions 
equal to the number of points over the inflection point of 
the scree plot; and the Parallel Analysis, which proposes the 
extraction of the factors which have eigenvalues greater than 
those extracted from the random data, assuming that they 
share the same parameters with the database (Damásio & 
Borsa, 2017). Moving on to the theoretical aspects of defining 
the PVD construct, the premise put forward by Duncan et al. 
(2009) that there are two dimensions in this latent construct 
(i.e., Perceived Infectability and Germ Aversion) was used 
as a starting point. We assessed the internal consistency of 
the measure using the Composite Reliability formula (CR; 
Raykov, 1997) performed with the Composite Reliability 
Calculator (Colwell, 2016) and the average inter-item 
correlation (ri.i) to assess the homogeneity of the instrument’s 
dimension. Additionally, we also calculated Cronbach’s 
alpha to compare the internal consistency of the PVD-br 
with previous studies (α; Cronbach, 1951). To further 
analyze the quality of the items, we used the Item Response 
Theory (IRT). Specifically, analyses of the parameters 
a (discrimination) and b (difficulty), and the items’ 
characteristic curves and their information were conducted 
using the model for politomic items of Gradual Responses by 

Samejima (1969). Due to the low expression of miss-
ing values (1%), listwise deletion was performed (Cheema, 
2014; Jakobsen et al., 2017).

Results

Exploratory Factorial Analysis

First, we analyzed the data factorability and the sample’s 
adequacy measurement through the KMO criterion, and the 
Barlett’s Sphericity Test, calculated from the anti-image 
correlation matrix. The data presented a variance propor-
tion due to common factors that correlated with each other 
[KMO = .71; χ2 (105) = 678.801, p = .001]. Therefore, they 
were suitable for conducting EFA. When it comes to the 
PVD-br factors, we found that according to the Kaiser crite-
rion four dimensions could be extracted (eigenvalues ranged 
from 3.22 to 1.11) which together explained 55.20% of the 
total variance. The Cattel criterion also showed the presence 
of four factors. To further analyze the number of factors in 
the scale, we used the parallel analysis (Horn, 1965) as it is 
considered a more robust criterion (Dobriban and Owen, 
2019). Based on the parameters of the database (201 par-
ticipants and 15 variables), the parallel analysis with 1000 
simulations showed the appropriateness of retaining three 
dimensions, which together explained 47.77% of the total 
variance.
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Considering the discrepancy between the exposed criteria 
and their results, we followed the theoretical approach and 
procedures advocated by Duncan et al. (2009) in the original 
validation of the PVD; in which it is defined the perceived 
vulnerability to diseases as the bearer of two dimensions. 
Accordingly, we submitted the 15 items from the PVD-br 
one more time to the exploratory factorial analysis using 
the principal axis factoring method, setting the extraction 
of two dimensions (oblimin rotation) (Duncan et al., 2009). 
We verified that these two factors explained 36.4% of the 
total variance. We consider an adequate loading factor (h), 
one equal to or greater than .30 to retain the item on the 
scale (Pasquali, 2012), leading to the exclusion of items 11 
(h = .11) and 12 (h = −.20). These results are summarized in 
Table 1; which shows the number of items, factorial loads, 
and indices of internal consistency for each dimension.

As shown in Table 1, the Perceived Infectability dimen-
sion (first factor) had an eigenvalue of 3.22, which explained 
21.4% of the total variance. The six items had factorial load-
ings ranging from .32 (Item 2. If an illness is ‘going around’, 
I will get it) to .81 (Item 8. In general, I am very susceptible 
to colds, flu, and other infectious diseases). This dimen-
sion refers to beliefs about immunological functioning and 
personal susceptibility to getting infectious diseases. The 

internal consistency of this factor was checked by analyzing 
Composite Reliability (CR) and Cronbach’s alpha (α). The 
CR was .75, the average inter-items correlation (ri.i) was .26, 
and the α was .74.

The second factor, Germ Aversion, had an eigenvalue of 
2.23 and explained 14.9% of the total variance. The factorial 
loadings of its six items varied from .41 (item 9. I dislike 
wearing used clothes because you don’t know what the last 
person who wore them was like) to .69 (item 7. I prefer to 
wash my hands pretty soon after shaking someone’s hand). 
The current dimension includes items that assess aversive 
affective reactions to situations that have a high likelihood 
of disease transmission. It presented CR = .70; ri.i = .26; 
α = .60.

IRT Analysis

The results showed that items 11 (i.e., My hands do not 
feel dirty after touching money. Reversed and in the Germ 
Aversion factor) and 12 (i.e., I am unlikely to catch a cold, 
flu, or other illness, even if it is going around. Reversed and 
in the Perceived Infectability factor) had low discrimination 
scores compared to the other items. In addition, both items 
displayed low information, i.e., low precision in estimating 

Table 1   Factorial structure of the PVD-br (N = 201)

 Items 11 and 12 were considered not adequate because of their loading factor; loading factor in bold indicates to which factor the item is linked; 
(R) = Inversed items; h2 = communality; SD = Standard Deviation

Items Perceived
Infectability

Germ
Aversion

h2

8 - In general, I am very susceptible to colds, flu, and other infectious diseases. .81 .15 .62
10 - I am more likely than the people around me to catch an infectious disease. .72 .10 .56
6 - I have a history of susceptibility to infectious diseases. .69 −.01 .37
5 - My past experiences make me believe I am not likely to get sick even when my friends are sick. (R) .46 .21 .32
14 - My immune system protects me from most illnesses that other people get. (R) .44 .19 .29
2 - If an illness is ‘going around’, I will get it. .32 .28 .23

12 - I am unlikely to catch a cold, flu, or other illness, even if it is going around. (R) −.20 −.14 .02
11 - My hands do not feel dirty after touching money. (R) −.11 −.03 .04

7 - I prefer to wash my hands pretty soon after shaking someone’s hand. .17 .69 .37
4 - I don’t like to write with a pencil someone else has obviously chewed on. .18 .60 .32
15 - I avoid using public telephones because of the risk that I may catch something from the previous user. .07 .49 .36
13 - It does not make me anxious to be around sick people. (R) .26 .44 .27
3 - I am comfortable sharing a water bottle with a friend. (R) .13 .43 .16
1- It really bothers me when people sneeze without covering their mouths .12 .42 .21
9 - I dislike wearing used clothes because you don’t know what the last person who wore them was like. .07 .41 .29
Eigenvalue 3.22 2.23
% of variance 21.4 14.9
Composite Reliability .75 .70

Cronbach’s alpha .74 .60
Factor Average 3.26 4.24
SD .85 .81
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latent traits (Table 2). Characteristic curves for the items and 
the item’s information for the two PVD-br factors, available 
as supplementary material, also revealed that these items had 
an inappropriate pattern of response probabilities compared 
to the other items (i.e., higher probability of responses in 
category 1 - I totally disagree). In other words, most of the 
participants were more probable to believe they were more 
susceptible to colds, flu and other illness, and more con-
cerned in relation to cleaning hands after touching money.

Discussion

The results of this study provided preliminary evidence of 
the factorial validity of the PVD-br. Based on the same pro-
cedures used by Duncan et al. (2009), we observed that the 
bifactorial structure showed adequate internal consistency 
indicators, with composite reliabilities above .70 (Viladrich 
et al., 2017) and average inter-items higher than the recom-
mended values (Silber et al., 2018; Valentini & Damásio, 
2016). We highlight that in the PVD validation study by 
Duncan et al. (2009), the two factors of the scale explained 
46.3% of the total variance, i.e., a higher explained data vari-
ance than in the present study (36.4%). The internal consist-
ency of the factors in the validation study of the original 
scale was also better (α = .87 for the factor Perceived Infect-
ability; α = .74 for the factor Germ Aversion) compared to 
the current study (α = .74 and α = .60, respectively). How-
ever, we note that Duncan et al. (2009) had a sample of 1539 
participants in such a study.

Nonetheless, although other studies that used the two 
PVD subscales (Murray et al., 2013; Makhanova et al., 2015) 
obtained good internal consistency for both factors, the stud-
ies by Díaz et al. (2016), Miller and Maner (2012), Prokop 
and Fančovičová (2013), and Wu and Chang (2012) did not 
find satisfactory reliability for the subscale Germ Aversion, 
with Cronbach’s alphas ranging from .55 to .61. Díaz et al. 
(2016) argue that the wide range of different behaviors (e.g., 
sharing a bottle of water, touching money, using a pencil, 
shaking hands) may explain the lower internal consistency 
of this factor, given that they are general behaviors without 
reference to the infectious disease context, as is the case for 
the Perceived Infectability dimension (i.e., the context of 
colds or infectious diseases in general), because alpha can 
decline in the face of different behaviors without a common 
contextualization framework (McCrae et al., 2010). We used 
composite reliability that considers each item’s factor load-
ing, and we obtained adequate internal consistency results.

Even though the results found in this study indicated 
good internal consistency with the 13-item structure, 
items 11 and 12, whose factor loadings were low, will be 
retested in subsequent studies. Given that the excluded 
items relate to the transmission of colds and flu, as well 
as concerns about dirty hands after touching money, we 
believe that the Covid-19 pandemic may have influenced 
participants’ responses, leading them to agree with the items 
more frequently. We argue this in light of previous studies 
showing that excessive anxiety and fear of contracting 
Covid-19 or thoughts of death itself increased during the 
pandemic (Pakpour & Griffiths, 2020; Silva et al., 2020). 

Table 2   PVD-br IRT 
parameters

  PI = Perceived Infectability; GA = Germ Aversion; a = discrimination; b1 to b6 = item difficulties by 
response category; I = item information in the limit of theta −3 and 3

a b1 b2 b3 b4 b5 b6 I (−3;+3)

PI
2 .61 −4.08 −2.60 −1.02 .80 2.84 4.30 .72
5 −.82 .89 −.75 −1.57 −2.62 −4.34 −6.74 1.14
6 2.00 −1.15 −.01 .33 .97 1.55 2.51 5.88
8 3.84 −1.28 −.38 −.02 .34 .83 1.50 15.31
10 2.30 −1.19 −.08 .37 .98 1.37 2.26 7.38
12 −.35 1.23 −2.91 −4.61 −7.03 −8.16 −15.02 .22
14 −.60 3.16 .72 −.39 −1.78 −4.11 −8.96 .69
GA
1 .93 −3.96 −3.79 −3.30 −2.43 −1.35 −.08 1.23
3 −.81 1.62 .00 −.72 −1.37 −2.68 −3.84 1.17
4 1.83 −2.39 −1.52 −.88 −.43 −.23 .88 4.76
7 1.71 −2.34 −1.30 −.65 −.01 .64 1.82 4.87
9 1.00 −1.57 −.12 .50 .70 1.11 2.58 1.72
11 −.30 −1.42 −4.17 −5.58 −6.82 −7.15 −8.79 .13
13 −.86 2.02 .61 −.29 −1.08 −1.89 −3.39 1.36
15 1.24 −2.32 −1.13 −.59 .30 .66 1.79 2.66



Current Psychology	

1 3

Also, public campaigns on the need to constantly use alcohol 
and wash hands to avoid transmitting the new coronavirus 
may have led participants to perceive their hands as dirtier 
after using money, considering that it is constantly in motion 
in society and could be a potential transmission route for the 
virus. Therefore, to analyze whether the results described in 
this study can be replicated with an independent sample, we 
designed Study 3 to examine the instrument’s bifactorial fit 
and compare it to other possible structures.

Study 3. Confirmatory Factorial Analysis 
of the PVD‑Br

We aimed in this study to gather additional empirical evi-
dence of the PVD-br’s factorial validity and reliability for 
an independent sample. We sought to test, through the con-
firmatory factorial analysis, the replicability of the factorial 
structure that was obtained in Study 2 and compare it to 
alternative factorial models (unifactorial, trifactorial, and 
tetrafactorial). Additionally, we aimed to analyze the psy-
chometric equivalence of the PVD-br for men and women. 
Therefore, we conducted a multi-group confirmatory factor 
analysis to examine the configurational, metric, and scalar 
invariance of the PVD-br for these groups.

Method

Participants

Two hundred and twelve Brazilians were invited to par-
ticipate in a study of perceived vulnerability to disease. 
Nevertheless, 12 did not reach the end of the questionnaire 
and were excluded. Our final sample included 200 partici-
pants. Their ages varied from 18 to 63 years (M = 28.97; 
SD = 8.59). They were predominantly female (67%), lived 
in the northeast of the country (65%), and had an income 
of 3 to 4 minimum wages (31%). They self-reported having 
white skin (50%) and had graduate degrees (46.4%). This 
was a convenience sample, only participating in the study 
those who accepted to do so voluntarily. As in Study 2, we 
defined the sample size using a minimum criterion of ten 
participants per scale item (Nunnally, 1978).

Instruments and Data Collection Procedure

We used the same instrument and followed the same data 
collection procedures as in Study 2. However, data was col-
lected in March 2020.

Data Analysis Procedure

We used the IBM® SPSS® Statistics (version 25) and JASP 
(version 0.14.1) software to analyze the data collected. Using 
the former, descriptive statistics were calculated; with the lat-
ter, it was possible to ascertain whether the bifactorial model 
was the most adequate for the PVD-br. Accordingly, the bifac-
torial structure was compared with three alternative models: 
unifactorial, trifactorial, and tetrafactorial. The analysis was 
implemented utilizing the Robust Diagonally Weighted Least 
Squares (RDWLS) estimation method, which is appropriate 
for categorical data (DiStefano & Morgan, 2014; Li, 2016). 
The following adjustment indicators were considered (Brown, 
2015): (a) chi-square ratio by degrees of freedom (χ2/gl), 
admitting as recommended values those that range from 2 to 
3, values up to 5 still being considered acceptable; (b) Com-
parative Fit Index (CFI) and Tucker-Lewis Index (TLI), whose 
values are acceptable if equal to or above .90; (c) Standardized 
Root Mean Square Residual (SRMR), the model is regarded 
as adjusted when its value is under .08, and Root Mean Square 
Error Approximation (RMSEA), whose recommended values 
range between .05 and .08, values up to.10 still being consid-
ered acceptable. Besides these indicators, aiming to compare 
the competing models that were tested, the Bayesian Infor-
mation Criterion (BIC) and the Akaike Information Criterion 
(AIC) were employed. Lower BIC and AIC values reflect 
a better-adjusted model (Garson, 2015). As in Study 2, the 
internal consistency of the instrument was measured through 
the composite reliability (CR; Raykov, 1997) and Cronbach’s 
alpha (Cronbach, 1951).

Moreover, a multi-group factorial analysis was performed 
to examine the invariance of PVD-br for men and women. 
The analysis was conducted also using the RDWLS estimation 
method. Multi-group factor analysis assessed the invariance 
of the measure in three models: configurational invariance 
(unconstrained model fit for each group), metric invariance 
(all factor loadings constrained to be equal across groups) and 
scalar invariance (all factor loadings and intercepts were equal 
across groups) (Byrne, 2012; Carapito et al., 2020; Cheung & 
Rensvold, 2002). Measurement invariance was assessed using 
the CFI difference test. The decrease in CFI indices (ΔCFI > 
.01) when parameters are adjusted means that the invariance of 
the measure cannot be accepted (Cheung & Rensvold, 2002). 
We used the Listwise deletion to handle the missing values 
(Cheema, 2014; Jakobsen et al., 2017).

Results

Confirmatory Factorial Analysis

Although we did not obtain adequate parameters for retain-
ing items 11 and 12 of the scale in the EFA (Study 2), we 
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first retested the bifactorial model proposed by Duncan 
et al. (2009) with the 15 items of the scale. The factor 
loadings of these items remained low (see supplementary 
material for a detailed analysis). Therefore, we retained 
the 13-item structure found in Study 2 and compared it 
with other alternative models. As alternative models, we 
adopted the unifactorial model, which is widely reported 
in the literature (Alexandre et al., 2020; Stangier et al., 
2021; Yamada et al., 2020), as well as the trifactorial and 
tetrafactorial models, as suggested by the parallel analysis 
and the Kaiser and Cattel criteria, respectively (Table 3).

According to the results presented in Table  2, the 
unifactorial and trifactorial models must be discarded, 
as its adjustment indicators were inadequate (CFI = .75; 
TLI = .71 and CFI = .89; TLI = .86, respectively). Also, it 
is possible to observe that, even though the tetrafactorial 
model presents sound adjustment indices, those that best 
fit the recommendations given by the literature (Brown, 
2015; Byrne, 2016) are from the bifactorial model. This 
model was more plausible, displaying adequate incremen-
tal indices (e.g., CFI = .95 and TLI = .94) and presenting 
absolute values that were as recommended (χ2/df and 
RMSEA). Moreover, we observed that the tetrafactorial 
model has two factors with only two items, and when com-
paring the BIC values, the bifactorial model also stood 
out. As shown in Fig. 1, all PVD-br items had factorial 
loadings (lambdas - λ) that were statistically different from 
zero (λ ≠ 0; z > 1.96; p < .05). Therefore, the goodness-to-
fit adjustment indices indicate a bidimensional structure of 
the PVD-br. Also, the CR calculations for the two meas-
ured dimensions were: .70 for Perceived Infectability and 
.66 for Germ Aversion; and the Cronbach alphas were .69 
and .60 for the two factors, respectively.

Multi‑Group Confirmatory Analyses of the PVD‑Br

As presented in Table 4, results comply with the configura-
tional, metric and scalar invariance and indicate that PVD-
br is an equivalent measure for male and female partici-
pants, allowing for comparison between groups.

Discussion

In this study, we aimed to determine the factorial structure 
of the PVD-br through a confirmatory factorial analysis. 
We also analyzed the psychometric equivalence of the 
PVD-br for males and females. This procedure led us to a 
more robust conclusion about the factorial validity of the 

Table 3   Goodness-of-fit 
statistics for confirmatory factor 
analysis models of the PVD-br 
(N = 200)

 M1(unidimensional structure), M2 (bifactorial structure), M3 (trifactorial structure) and M4 (tetrafacto-
rial structure). CFI = comparative fit indices; TLI = Tucker–Lewis Index; RMSEA = root mean square error 
of approximation; SRMR = standardized root mean square residual; AIC = Akaike Information Criterion; 
BIC = Bayesian information criteria *p < .05

Models χ2/df CFI TLI RMSEA (IC90%) SRMR BIC AIC

M1 3.07* .75 .71 .10 (.08-.12) .11 9860.04 9857.58
M2 1.37* .95 .94 .04 (.01-.06) .07 9817.20 9729.10
M3 1.97* .89 .86 .07 (.05-.09) .08 9840.75 9746.14
M4 1.43* .95 .93 .04 (.02-.07) .07 9820.82 9716.41
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Fig. 1   Bifactorial Structure of the PVD-br
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previously mentioned measurement and showed how the 
empirical data fit the proposed theoretical model (Damásio 
& Borsa, 2017). We verified that after comparing differ-
ent models, the bifactorial structure was the one that best 
fit the data, which is consistent with the results obtained 
by Duncan et al. (2009) in the original validation of the 
scale and other adaptations of the measurement to different 
cultural contexts (Díaz et al., 2016; Fukukawa et al., 2014; 
Magallares et al., 2017). In addition, we examined the con-
figurational, metric, and scalar invariance of the PVD-br, 
as several studies have found gender differences in PVD 
scores (Coninck et al., 2020; Díaz et al., 2016; Duncan 
et al., 2009). Thus, the present study provided evidence that 
future studies can compare PVD scores between men and 
women with the PVD-br. Although the internal structure 
of the PVD-br has been demonstrated in this and previ-
ous studies, new evidence is needed regarding the 13-item 
version of the instrument’s validity with other variables. 
Therefore, we developed Study 4.

Study 4. Convergent and Discriminant 
Validity of the PVD‑Br

This study aimed to demonstrate the convergent (4a) and 
discriminant (4b) validity of the PVD-br in independ-
ent samples. Specifically, the bifactorial structure of 
the instrument was compared with other constructs. For 
convergent validity, the instrument was hypothesized to 
positively correlate with disgust sensitivity and illness 
attitudes, which, as indicated in the original validation 
of the scale, capture latent traits close to those measured 
by the PVD-br. Discriminant validity tested the hypoth-
esis that social desirability and racism are not correlated 
with the PVD-br (AERA; APA; NCME, 2014). That is, 
a low or null level of correlation is expected (Cohen, 
1992).

Study 4a

Method

Participants

Four hundred and thirty-two Brazilians participated 
in this study. They were aged between 18 and 63 years 
(M = 28.09; SD = 8.57), mostly female (69.4%), residing 
in the northeast region of Brazil (78.4%), and had under-
graduate degrees (48.8%). Most participants of the sample 
had incomes between 3 and 4 minimum wages (32.2%) or 
between 1 and 2 minimum wages (29.9%) and were white 
(44.0%). This sample size has a power of .95 to detect a 
small effect size of r = .172 (Cohen, 1992) or higher, with 
an alpha set at .05 (Zhang & Yuan, 2018).

Data Collection Procedure and Instruments

We followed the same data collection procedure used in pre-
vious studies. Nevertheless, in addition to randomly present-
ing the items from the PVD-br, we also counterbalanced the 
order of the PVD-br, the Illness Attitudes Scale, and the Dis-
gust Sensitivity Scale. The instruments used in this study are 
described below. Data collection occurred in March 2020.

PVD‑Br  We used the 13-item version of the PVD-br to measure 
participants’ perceived vulnerability to disease. In this study, 
its internal consistency indices were: Perceived Infectability 
(CR = .73; α = .71) and Germ Aversion (CR = .68; α = .66). 
Analysis of the 15 and 13-item versions of the instrument can 
be accessed as supplementary analysis at the OSF platform. 
The one that stood out with the best psychometric parameters 
was the 13-item version, as shown in previous studies.

Illness Attitudes Scale  Participants answered the Illness 
Attitudes Scale (IAS), developed by Stewart and Watt 
(2008). This measure contains 27 items that are answered 
on a 5-point scale (1 = never to 5 = all the time) subdivided 
into four factors (Fears, Behaviors, Beliefs, and Effects). In 
this study, the instrument dimensions’ CR and Cronbach 
alphas were satisfactory (Fears, CR = .91 and α = .90; Behav-
iors, CR = .65 and α = .64; Beliefs, CR = .69 and α = .75; and 
Effects, CR = .65 and α = .68), as well as the general instru-
ment (CR = .876 and α = .88).

Disgust Sensitivity Scale – Revised  Participants answered 
the Portuguese adaptation of the Disgust Sensitivity Scale – 
Revised (DS-R; Ferreira-Santos et al., 2011). The instrument 

Table 4   Multi-group analyses for the PVD-br

Note. RMSEA = root mean square error of approximation; 
SRMR = standardized root mean square residual; TLI = Tucker–Lewis 
Index; CFI = comparative fit indices; ΔCFI = CFI difference test

RMSEA (90% IC) SRMR TLI CFI ΔCFI

Configurational 
invariance

.014 (.000 – .053) .090 .995 .996 –

Metric invariance .017 (.000 – .053) .094 .993 .993 .003
Scalar invariance .026 (.000 – .056) .092 .982 .983 .010
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contains 27 items that are answered on a response scale from 
0 (strongly disagree/very false to me) to 4 (strongly agree/
very true about me). It has three dimensions: (1) core/basic 
disgust; (2) disgust related to the animal nature of human 
beings; (3) disgust based on contamination. In this study, 
the CR of these dimensions were: .70, .73, .57, respectively. 
The general CR of the scale was .863. Cronbach alphas were 
.63, .72, .54. When considering the general scale α = .82.

Participants also answered a socio-demographic question-
naire with questions concerning their gender, age, education, 
and income.

Data Analysis Procedure

Descriptive statistics were performed to characterize the 
sample. Bivariate correlations and multiple regression (Enter 
method) were used to examine independent associations 
between Perceived Infectability and Germ Aversion with 
the other instruments. Multicollinearity was also examined 
using Variable Inflation Factors (VIF) > 10.

Results

To test the convergent validity hypothesis of the PVD-br, 
we analyzed bivariate correlations and multiple regression 
results, which are presented in the first panel of Table 5. The 
results showed that the illness attitudes were positively cor-
related with Perceived Infectability and Germ Aversion. In 

addition, disgust sensitivity was associated with Perceived 
Infectability and Germ Aversion. Correlations were low or 
moderate (Cohen, 1992).

Study 4b

Method

Participants

One hundred and eighty-one Brazilians participated in this 
study. Their ages ranged from 18 to 65 years (M = 31.33; 
SD = 10.32). They were predominantly female (59.7%), 
brown (48.1%), resided in northeastern Brazil (85.1%), and 
had a university degree (44.8%). This sample size has the 
power of .95 to detect the effect size of r = .263 or larger, 
with an alpha set at .05 (Zhang & Yuan, 2018).

Data Collection Procedure and Instruments

We followed the same data collection procedure as in Study 
4a. However, in addition to the PVD-br, we also used the 
Social Desirability Scale and the Racial Beliefs Scale. Data 
collection occurred in August 2021.

PVD‑Br  The 13-item version of the PVD-br tested in pre-
vious studies was used for data collection. Before using 
this version, as in Study 4a, we analyzed the instrument’s 

Table 5   Bivariate correlations 
and multiple regression results 
concerning convergent and 
discriminant PVD-br’s validity

 Multiple regression detailed results are available as supplementary material. VIF = Variable Inflation Fac-
tors; **p = .001; *p = .005

Convergent Validity

Perceived Infectability Germ Aversion

r β r β VIF

Illness Attitudes .30** .20**
Fears .24** .084 .19** .000 2.60
Behavior .02 −.005 .13** .089 1.10
Beliefs .29** .196* .17** .149 2.86
Effects .25** .118* .09 −.064 1.47
Disgust Sensitivity .12** .26**
Core Disgust .14** .036 .10* .119* 1.41
Animal Reminder Disgust .29** .148* .32** .274** 1.33
Contamination .10* −.147* .38** .187** 1.44

R2adj = .127 R2adj = .156
Discriminant Validity

Perceived Infectability Germ Aversion
r β r β VIF

Social Desirability .15 .12 .02 .01 1.00
Biological Racism −.12 −.12 −.09 −.09 1.00

R2adj = .019 R2adj = .005
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structure. As previous studies have shown, items 11 and 12 
still push the worse loading factors one year after the first 
data collection (see supplementary material for detailed 
analyses). In this study, the scale displayed CR = .68 and 
α = .66 to its Perceived Infectability dimension and CR = .71 
and α = .66 to Germ Aversion.

Social Desirability Scale  answered the Social Desirability 
Scale proposed by Crowne and Marlowe (1960). It consists 
of 20 items (with true or false answers), organized in a uni-
factorial structure. This scale had CR = .67 and α = 0.67.

Racial Beliefs Scale  Participants answered the 7-item version 
(1 = totally disagree; 7 = totally agree) of the Racial Beliefs 
Scale (RBS) (Vala et al., 2009; Vala et al., 2012, Experiment 
3). This instrument measures beliefs regarding the biologi-
cal nature of differences between groups. The RBS showed 
for this study the internal consistency of CR = .74; α = .74. 
Higher scores in this scale indicate stronger explicit racism.

A socio-demographic questionnaire with questions con-
cerning participants’ gender, age, education, and income was 
also applied.

Data Analysis Procedure

The analysis procedure was the same as in Study 4a. How-
ever, we expected the correlations between the constructs to 
be nonexistent or null.

Results

Bivariate correlations and multiple regression results, pre-
sented in the second panel of Table 5, showed that the PVD-
br factors were not related either to social desirability or 
racism.

Discussion

Results from Study 4a revealed that the PVD-br is correlated 
with the Illness Attitudes and Disgust Sensitivity measures. 
The low and moderate levels for the correlations found in 
this study are similar to those identified by Duncan et al. 
(2009), who defend that despite the similarity of these three 
constructs, each has its own characteristics that distinguish 
them from one another (as presented in the previous section 
of this paper). Three of the four factors of illness attitudes 
correlated more strongly with Perceived Infectability, while 
two of the three factors of disgust sensitivity correlated more 
strongly with Germ Aversion. This can be explained as Per-
ceived Infectability is a cognitive factor about fears, beliefs, 
and subjective perceptions, whereas Germ Aversion is more 

related to disgust or discomfort about certain risk behaviors 
(Díaz et al., 2016). Our findings are also supported by the 
studies developed by Santisi et al. (2021), who observed 
positive and significant relationships between a disgust scale 
and Perceived Infectability, and by the study of Magallares 
and Morales (2017), who found positive and significant rela-
tionships between physical disgust and germ aversion.

Concerning the relationships between PVD-br and social 
desirability and racism (Study 4b), the results showed no 
correlation between these constructs. These results confirm 
previous findings by Duncan et al. (2009) indicating a non-
significant relationship between Perceived Vulnerability to 
Disease and social desirability. However, we highlight a 
study by Díaz et al. (2016) who found non-significant cor-
relations between Perceived Infectability and social desira-
bility, but a positive and significant relationship between the 
construct and Germ aversion. Furthermore, the PVD scores 
were not significantly related to biological racism. Thus, our 
findings support the hypothesis that the PVD-br displays 
convergent and discriminant validity evidence. These types 
of validity are important because they offer complementary 
validity evidence for the construct.

General Discussion

In four studies, we described the adaptation and validation 
process of the PVD for the Brazilian context (PVD-br). Spe-
cifically, in Study 1, we adapted the items of the scale and 
showed their content validity. In Study 2, we examined the 
factorial structure of the scale, whose results showed a par-
simonious structure of the two factors measuring Perceived 
Vulnerability to Disease with high internal reliability. Study 
3 confirmed the bifactorial structural adequacy of the PVD-
br as the best factorial model and demonstrated the configu-
rational, metric, and scalar invariance of the instrument for 
measuring PVD scores in men and women. Finally, Study 
4 demonstrated the convergent and discriminant validity of 
the instrument by correlating it with illness attitudes, disgust 
sensitivity, social desirability, and racism measures. Taken 
together, the results of these studies showed strong evidence 
of content, factorial, and criterion validity of the scale for 
the Brazilian context.

Although the PVD-br is an appropriate option to measure 
Perceived Vulnerability to Disease in the Brazilian context, 
the studies have some limitations. First, we point out that 
the samples were not representative of the entire Brazilian 
population, as they consisted mainly of college students. 
Therefore, future studies should attempt to homogenize the 
samples to verify that the factorial structure of the instru-
ment applies to individuals with low education. It will also 
be necessary to investigate whether the pandemic context 
instilled by Covid-19 may have influenced the factorial 
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structure of the PVD-br tested in these studies. As discussed 
in Study 2, it is possible that the perceived contagiousness 
that was prominent during the data collection period (Feb-
ruary/March 2020 and August 2021) could have influenced 
the data presented. Also, if this pattern of results found in 
this research program is replicated in other countries where 
the measure has been validated before, one could argue and 
investigate whether the Covid-19 pandemic and social norms 
such as social distancing and hygienic intensity practices 
have changed how the Perceived Vulnerability to Disease 
construct is assessed. In addition, although the PVD was 
found to be a highly stable latent construct over time (Díaz 
et al., 2016), neither the test-retest reliability of the PVD-
br has been analyzed, nor other types of validity based on 
relationships with external measures, such as concurrent 
validity (i.e., a high correlation between PVD-br and another 
measure of the same construct) and predictive validity (i.e., 
the ability of the scores obtained to predict future behavior 
through longitudinal studies) (AERA; APA; NCME, 2014). 
Nevertheless, it will be fundamental to analyze in future 
studies to what extent the PVD-br is sensitive to experimen-
tal manipulations.

Despite the need for such improvements, we verified that 
the results confirm the related literature when replicating 
the bifactorial structure of the PVD; moreover, they dem-
onstrate the reliability of the PVD-br when confirming that 
the instrument measures the latent construct in the Brazilian 
context for men and women. In addition, we highlight the 
practical implications of the PVD-br scale, as it is an instru-
ment with multiple uses in different contexts. For example, 
we highlight its use in a clinical context of psychology that 
aims to observe differences in how individuals perceive 
themselves as vulnerable to illnesses and contextualize this 
impact on their emotions. This is particularly important dur-
ing a pandemic, such as COVID -19, as the risk of contract-
ing the new coronavirus and developing the disease may 
make the perceived vulnerability to disease even stronger, 
which becomes an anxiety-provoking and stressful factor 
for the individual. Therefore, measuring this perception can 
provide the psychologist with the proper tools to select an 
appropriate intervention.

From a more collective perspective, the potential of this 
scale as a subsidy for the construction of public policies is 
noteworthy, especially in pandemic states where there is a 
high risk of contamination by pathogens. Accordingly, not-
ing that the population has different perceptions regarding 
the perception of vulnerability to infectious diseases may 
direct the focus of psychoeducational campaigns. Thus, it 
would be possible to construct public policies that are sen-
sitive to such variations and promote more assertive pro-
phylactic behaviors to prevent and mitigate pathogen trans-
mission. In short, we propose that the PVD-br is a shorter 
version of the PVD questionnaire that allows the accurate 

and valid assessment of perceived vulnerability to disease 
in the Brazilian context.
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