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Abstract 

Background: Valid and reliable instruments are needed to measure the multiple dimensions of perceived risk. The 
Perceived Risk of HIV Scale is an 8‑item measure that assesses how people think and feel about their risk of infection. 
We set out to perform a cross‑cultural adaptation of the scale to Brazilian Portuguese among key populations (gay, 
bisexual and other men who have sex with men and transgender/non‑binary) and other populations (cisgender 
heterosexual men and cisgender women).

Methods: Methodological study with cross‑sectional design conducted online during October/2019 (key popula‑
tions [sample 1] and other populations) and February–March/2020 (key populations not on pre‑exposure prophylaxis 
[sample 2]). Cross‑cultural adaptation of the Perceived Risk of HIV Scale followed Beaton et al. 2000 guidelines and 
included confirmatory factor analysis, differential item functioning (DIF) using the Multiple‑Indicator Multiple‑Cause 
model, and concurrent validity to verify if younger individuals, those ever testing for HIV, and engaging in high‑risk 
behaviors had higher scores on the scale.

Results: 4342 participants from key populations (sample 1 = 235; sample 2 = 4107) and 155 participants from other 
populations completed the measure. We confirmed the single‑factor structure of the original measure (fit indices for 
sample 1 plus other populations: CFI = 0.98, TLI = 0.98, RMSEA = 0.07; sample 2 plus other populations: CFI = 0.97, 
TLI = 0.95, RMSEA = 0.09). For the comparisons between key populations and other populations, three items (item 2: 
“I worry about getting infected with HIV”, item 4: “I am sure I will not get infected with HIV”, and item 8: “Getting HIV is 
something I have”) exhibited statistically significant DIF. Items 2 and 8 were endorsed at higher levels by key popu‑
lations and item 4 by other populations. However, the effect of DIF on overall scores was negligible (0.10 and 0.02 
standard deviations for the models with other populations plus sample 1 and 2, respectively). Those ever testing for 
HIV scored higher than those who never tested (p < .001); among key populations, those engaging in high‑risk behav‑
iors scored higher than those reporting low‑risk.

Conclusion: The Perceived Risk of HIV Scale can be used among key populations and other populations from Brazil.

Keywords: Perceived risk of HIV Scale, Psychometric properties, GBM, Transgender, HIV perceived risk, HIV risk‑
behavior, Brazil
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Background
By 2018, more than 900,000 individuals were living with 
HIV in Brazil [1]. National Surveillance data indicates 
that more than 300,000 new HIV infections were diag-
nosed from 2007 to 2019, 69% of them among males [2]. 
Like other Latin American countries, the HIV epidemic 
in Brazil disproportionally affects key populations, with 
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gay, bisexual and other cisgender men who have sex 
with men (GBM) and transgender women who have sex 
with men (TGW) facing the highest burden [3]. HIV 
prevalence is estimated at 18% among GBM [4] and 31% 
among TGW [5], while it is below 0.5% among the gen-
eral population [2].

Prior studies have shown that Brazilian GBM and 
TGW engage to a higher degree in behaviors associated 
with increased HIV risk, such as condomless receptive 
anal sex [5–9] and use of alcohol or illicit drugs before 
or during sex (‘chemsex’) [10]. Although currently the 
effect of these behaviors may be mitigated by pre-expo-
sure prophylaxis (PrEP) and treatment as prevention, 
which are available free of charge through the Brazilian 
Public Health System [11], results from web-based sur-
veys have shown that almost 30% of Brazilian GBM have 
never heard of PrEP [7] and 17% were never tested for 
HIV, with higher proportions in lower income regions 
[12]. In this sense, it is important to identify predictors of 
engagement in high-risk behavior among key populations 
in Brazil.

According to the Health Belief Model, individuals 
who perceive themselves at higher risk of a particular 
health problem are more likely to engage in behaviors 
to help reduce their risk [13]. Other theoretical models 
also consider perceived risk as an important correlate of 
risk behavior, including the AIDS Risk Reduction Model 
[14]. Prior studies that have accessed perceived HIV risk 
among Brazilian GBM and TGW have done so using 
a single question focusing mainly on the likelihood or 
the cognitive assessment of risk: “In your opinion, what 
is your risk of getting HIV in the next year?” with pos-
sible response options “No risk”, “Low risk”, “High risk”, 
“Certain” and “I don’t know/prefer not to answer” [6, 7, 
9, 15–17]. However, HIV risk perception is complex, and 
requires a valid and reliable instrument to measure its 
multiple dimensions.

The Perceived Risk of HIV Scale [18] is a low burden, 
self-report 8-item measure developed to assess how peo-
ple think and feel about their risk of HIV infection based 
on their previous sexual behavior and covering several 
dimensions of perceived HIV risk. The scale was initially 
evaluated using item response theory in a sample of par-
ticipants recruited from HIV testing and prevention ser-
vices in Long Beach, California. It assesses three different 
aspects of perceived HIV risk: cognitive (3-items, e.g., 
“I think my chances of getting infected with HIV are:”, 
response options: zero, almost zero, small, moderate, 
large, very large), intuitive (3-items, e.g., “I feel vulnerable 
to HIV infection”, response options: strongly disagree to 
strongly agree), and salience (2-items, e.g., “Getting HIV 
is something I have:”, response options: never thought 
about, rarely thought about, thought about some of the 

time, thought about often). Response format varies from 
four to six options depending on the item. The total 
summed score ranges from 10 to 40, calculated by adding 
the score of each item. Higher scores indicate a higher 
risk perception. Prior research shows that scores on this 
measure are correlated with past engagement in high-risk 
behavior, including number of sex partners, condomless 
anal sex, and sex under influence of substances [18].

The Perceived Risk of HIV Scale was previously vali-
dated in European Portuguese in a sample of the gen-
eral population and among HIV-uninfected partners of 
serodifferent couples (mostly heterosexuals). The corre-
lation of the scale’s scores with engagement in high-risk 
sexual behavior and with HIV testing provided evidence 
for criterion validity [19]. However, the application of the 
European Portuguese version of the scale in Brazil may 
not be appropriate due to significant cultural and lan-
guage differences between Brazilian and European Por-
tuguese. Moreover, given the disproportionate impact 
of the Brazilian HIV epidemic among key populations, 
a specific evaluation of the scale’s validity among these 
populations is warranted.

This study performed a cross-cultural adaptation of 
the Perceived Risk of HIV Scale in Brazilian Portuguese 
among key populations (GBM and transgender/non-
binary) and other populations (cisgender heterosexual 
men and cisgender women) using established guidelines 
[20]. We then evaluated its reliability (internal consist-
ency) and validity. Furthermore, we tested for differential 
item functioning (DIF) to assess measurement invariance 
among the populations included in our study.

Methods
Study design
This is a methodological study with cross-sectional 
design conducted online during October/2019 (key pop-
ulations [sample 1] and other populations) and Febru-
ary–March/2020 (key populations not on pre-exposure 
prophylaxis [sample 2]). Cross-cultural adaptation of 
the Perceived Risk of HIV Scale followed guidelines pro-
posed by Beaton et al. [20]. This study was not registered 
in any database.

Step 1: Translation
We have obtained the necessary permissions from the 
authors of the Perceived Risk of HIV Scale to modify it. 
Translation of the items of the scale into Brazilian Por-
tuguese was performed by three independent translators 
(two researchers and a linguistics professor fluent in both 
languages), after which a meeting was held to discuss and 
reach a consensus translated version of the scale. Then, 
three additional independent reviewers (two language 
teachers and one professional translator) translated the 
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Portuguese version back to English, after which another 
meeting was held with the six members of the translation 
team and a mediator who was a member of the research 
team to compare the original items with the back-trans-
lated items and identify where items or words seemed to 
differ. In this final meeting the team reached an agreed-
on version based on the comments, the original items, 
and the translated items. Next, two experts evaluated the 
translated items vis-à-vis the original subscales to judge 
if, in their opinion, they captured the concepts as defined. 
Finally, a qualitative pretesting of the resulting items was 
conducted with a small convenience sample to ensure 
item comprehensibility before moving into the second 
step of this study. For this, we invited via WhatsApp 
groups, GBM aged 18 years or older who had previously 
sought HIV testing and prevention services at Instituto 
Nacional de Infectologia Evandro Chagas (INI-Fiocruz), 
Rio de Janeiro, Brazil. An electronic version of the scale 
was provided and participants were requested to judge 
the clarity of each item on a scale from 0 to 10, and, if 
an item was scored as 7 or lower, an additional open text 
field was provided and the participant was asked to state 
what was unclear and to provide suggestions to improve 
clarity. A group meeting of the research team was held to 
discuss the suggestions made and items were adjusted as 
needed to improve understanding.

Step 2: Reliability and construct validity
A first convenience sample of adult Brazilians was 
recruited through advertisements on different platforms: 
(1) Facebook and WhatsApp, two social media apps; and 
(2) Grindr, a geospatial network app for sexual encoun-
ters for GBM and transgender/non-binary people. Par-
ticipant eligibility included age ≥ 18 years  and residency 
in Brazil. To decrease participant burden, random alloca-
tion of eligible participants to different instruments was 
performed such that each participant only responded to 
one instrument. Exclusion criteria for this analysis were 
self-report of HIV positive status, no response in ques-
tions about HIV testing or HIV status, an incorrect 
response to any of three attention questions which were 
included throughout the survey instrument at approxi-
mately every 15 items [21], and having responded to the 
survey previously (see Fig.  1: Participant flow chart). In 
order to provide more evidence of the scale’s construct 
validity, we recruited a second convenience sample 
including only key populations. This time, the survey was 
launched through advertisements on Hornet, another 
geospatial network app for GBM and transgender/non-
binary people. The same inclusion and exclusion criteria 
detailed above were used. Additionally, we excluded from 
this analysis those who ever used PrEP given that PrEP 

use reduces the risk of HIV transmission irrespective of 
one’s sexual behavior [22, 23].

The surveys were programmed on Alchemer®. The 
researchers checked the usability and technical func-
tionality of the electronic questionnaire in multiple plat-
forms (devices and operating systems) before starting the 
survey. The survey was open (not password-protected) 
and not mandatory for app users. Mobile version of the 
survey had one question per page, and number of pages 
depended on the chosen answers (adaptative question-
ing). All survey items had a non-response option (“I don’t 
want to answer”).

The survey instrument was divided into three sections 
as follows. Section  1 included items on socio-demo-
graphic information (age, race/ethnicity, gender, sexual 
orientation, education, income, and state of residence), 
and Sect. 2 included items referring to prior HIV testing 
and HIV test result. If HIV negative or unknown status, 
participants answered Sect.  3 which included the items 
of the translated scale (Additional file 1). As in the origi-
nal scale [18], response options for the translated scale 
were on 4, 5 or 6-point Likert type and the total score 
was calculated by adding the score of each item (with 
item 4 being reverse coded and some response options 
for items 1, 2, 5 and 6 recoded). Higher scores indicated 
greater risk perception. A fourth section was included in 
the survey launched in Hornet in 2020 with questions 
about sexual behavior during the previous 6  months 
(number of male sexual partners, condomless receptive 
anal sex, sex with HIV positive partner, number of inser-
tive anal intercourses with HIV positive partner), and use 
of stimulants. These questions (in addition to age) con-
stitute the HIV Incidence Risk Index for men who have 
sex with men (HIRI-MSM), a 7-item risk score developed 
by Smith et al. [24] to predict HIV seroconversion among 
GBM that is recommended by the Centers for Disease 
Control and Prevention to screen individuals who should 
be evaluated for PrEP use [25]. Scores < 10 and ≥ 10 were 
considered as “low risk” and “high risk”, respectively [24, 
25].

Based on responses to items on gender identity and 
sexual orientation, participants were allocated in three 
groups: (1) key populations (sample 1): GBM, transgen-
der and non-binary individuals recruited during October 
2019 via Grindr; (2) key populations (sample 2): GBM, 
transgender and non-binary individuals recruited during 
February and March 2020 via Hornet; (3) other popula-
tions: heterosexual cisgender men and cisgender women.

Statistical analysis
Socio-demographic characteristics of key populations 
(samples 1 and 2) and other populations were described. 
Procedures to assess differential item functioning 
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followed a previously described protocol [26]. We first 
tested the original factor structure of the Perceived Risk 
of HIV Scale for the three groups separately using con-
firmatory factor analysis (CFA), using the weighted least 
squares estimator with a diagonal weight matrix, robust 
standard errors, and a mean- and variance-adjusted 
chi-square statistic with delta parameterization [27]. To 
assess model fit, the chi-square test, Tucker-Lewis Index 
(TLI) [28], Comparative Fit Index (CFI) [29] and Root 
Mean Square Error of Approximation (RMSEA) [30] 
were used. Since the chi-square test is highly sensitive 
to sample size, it can lead to the rejection of well-fitting 
models [31]. Therefore, the TLI, CFI and RMSEA fit indi-
ces were emphasized. Good fitting models were indicated 
by a TLI and CFI ≥ 0.95 and RMSEA ≤ 0.06 [32]. Once 
the factor structure was established for each group sepa-
rately, two CFA models were fit combining participants 
from (1) key populations from sample 1 and other popu-
lations and (2) key populations from sample 2 and other 
populations. Modification indices were used to identify 

pairs of items for which model fit would improve if error 
estimates were freed to covary and for which there was 
theoretical justification [27]. We used theta parameteri-
zation after inclusion of error terms for correlated items 
[33].

To determine whether the Perceived Risk of HIV Scale 
items exhibited DIF for participants from key popula-
tions versus other populations, multiple indicator mul-
tiple cause (MIMIC) models were used. MIMIC models 
assess the relationship between the factors and a set of 
covariates to understand measurement invariance and 
population heterogeneity. The base MIMIC model con-
sists of the CFA factor model with an added direct effect 
of group on the latent factors. This serves to control for 
group differences on the latent factor. We followed stand-
ard procedures for MIMIC analyses [26] which consist of 
regressing each item separately on the grouping variable 
to assess potential DIF. The presence of substantive DIF 
could threaten the validity of group comparisons. DIF 
was confirmed by a statistically significant (p < 0.05) link 

Fig. 1 Participant flow chart
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of group with the item, controlling for differences in the 
overall level of the latent factor. Once all items with sig-
nificant DIF were identified, the magnitude of DIF items 
collectively was evaluated by comparing the difference on 
the latent factor between groups in the baseline model 
and after controlling for DIF.

We estimated the scale’s internal consistency using 
Cronbach’s alpha (assumed acceptable if > 0.7) [34]. To 
assess concurrent validity, we used t-tests to evaluate if 
participant’s scores on the Perceived Risk of HIV Scale 
differed by age (18–24 vs. ≥ 25  years) and by prior HIV 
testing (yes vs. no) for key populations and other popu-
lations separately. We hypothesized that younger indi-
viduals (18–24  years vs. ≥ 25  years) and those who had 
previously tested for HIV (vs. not) would score higher on 
the Perceived Risk of HIV scale. Lastly, we used t-tests to 
evaluate if Perceived Risk of HIV scores were higher 
among key populations from sample 2 who reported 
engaging in high-risk sexual behaviors measured by con-
domless receptive anal sex (yes vs. no), number of male 
partners (≤ 5 vs. > 5) and the HIRI-MSM risk scale (low 
risk vs. high risk).

CFA and MIMIC analyses were carried out in Mplus 
version 8.4 [27]; all other analyses were performed in R 
version 4.0.1 [35].

Results
Step 1: Translation
The qualitative pretesting of the final translated version 
was performed with 80 GBM, most were aged ≥ 25 years 

(79%), had finished college or higher education (74%), 
and lived in the city of Rio de Janeiro (69%). Most par-
ticipants (ranging from 89 to 100%) judged each item’s 
clarity with a score of 7 or higher; average clarity scores 
varied from 9.4 for item 1 to 9.8 for item 2, 7 and 8. Item 
1 was slightly modified as a function of the suggestions 
made by participants. The post-pretesting version of the 
translated scale is given in Table 1.

Step 2: Validation
Sample characteristics
In October 2019, a total of 2311 individuals accessed 
the questionnaire and 1358 (59%) completed all items. 
Of these, 390 were randomized to complete the trans-
lated version of the Perceived Risk of HIV Scale (Fig. 1), 
including 235 from key populations (sample 1) and 155 
from other populations. During February and March 
2020, a total of 10,708 participants accessed the question-
naire, and 6559 completed it. Of these, 4107 self-reported 
HIV negative or unknown status and were not currently 
using PrEP. Socio-demographic characteristics for key 
populations (sample 1 and sample 2) and other popula-
tions are displayed in Table 2.

Key populations (Sample 1) In total, 235 GBM and 
trans/non-binary participants completed the translated 
version of the Perceived Risk of HIV Scale. Median age 
was 33  years (IQR: 27–41), the majority were cisgender 
men (97%), 186 (79%) were gay, 135 (57%) were White, 80 
(34%) reported low-income, 159 (68%) reported college 

Table 1 The 8 final items of the translated Perceived Risk of HIV Scale with item‑specific response options given in parenthesis

a Affective item
b Salience item
c Cognitive item
d Reversed coded

## Original item Range Final Brazilian Portuguese translation

i01 What is your gut feeling about how likely you are to get infected 
with HIV? (Extremely unlikely to Extremely likely)a

1–4 Na sua opinião, qual sua chance de pegar HIV? (Extremante 
improvável a Extremamente provável)

i02 I worry about getting infected with HIV. (None of the time to All of 
the time)a

1–4 Eu me preocupo se vou pegar HIV (Nunca a sempre)

i03 Picturing self getting HIV is something I find: (Very hard to do to 
Very easy to do)b

1–4 Me imaginar pegando HIV é algo que acho: (Muito difícil a Muito 
fácil)

i04 I am sure I will NOT get infected with HIV. (Strongly disagree to 
Strongly agree)c,d

1–6 Tenho certeza de que NÃO vou pegar HIV (Discordo fortemente a 
Concordo fortemente)

i05 I feel vulnerable to HIV infection. (Strongly disagree to Strongly 
agree)a

1–6 Me sinto vulnerável à infecção pelo HIV (Discordo fortemente a 
Concordo fortemente)

i06 There is a chance, no matter how small, I could get HIV. (Strongly 
disagree to Strongly agree)c

3–6 Existe uma chance, ainda que mínima, que eu pegue HIV (Discordo 
fortemente a Concordo fortemente)

i07 I think my chances of getting infected with HIV are: (Zero to Very 
large)c

1–6 Acho que meu risco de pegar HIV é: (Zero a Muito alta)

i08 Getting HIV is something I have: (Never thought about to Thought 
about often)b

1–4 Pegar HIV é algo em que: (Eu nunca pensei a Pensei frequente‑
mente)
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education or higher. The Perceived Risk of HIV Scale 
mean score was 25.8 (SD 5.2).

Key populations (Sample 2) In total, 4107 GBM and 
trans/non-binary participants completed the translated 
version of the Perceived Risk of HIV Scale. Median age 

was 32  years (IQR: 26–40), the majority were cisgender 
men (98%), 3365 (82%) were gay, 2526 (63%) were White, 
1184 (29%) reported low-income, 2754 (68%) reported 
college education or higher. According to the HIRI-MSM 
scale, more than a half of participants could be classified 

Table 2 Characteristics of study populations. Brazil, 2019–2020

a We considered the number of minimum wages in the family monthly income: low ≤ 2, middle > 2–6, high > 6 (monthly minimum wage in 2019 was 998 BRL = US$ 
248, currency from January 2020)
b ≤ 12 years is equivalent to complete Secondary Education or less, > 12 is equivalent to complete College education or higher

Key populations Other populations

Sample 1 Sample 2

Total 235 4107 155

Age

 Mean (SD) 34.6 (10.1) 34.2 (10.4) 46.9 (16.1)

 18–24 years 37 (15.7) 681 (16.6) 16 (10.3)

 ≥ 25 years 198 (84.3) 3426 (83.4) 139 (89.7)

Gender

 Cisgender men 209 (97.4) 4024 (98.0) 29 (18.7)

 Cisgender women 0 (0) 0 (0) 126 (81.3)

 Trans/non‑binary 6 (2.6) 83 (2.0) 0 (0)

Sexual orientation

 Gay 186 (79.1) 3365 (81.9) 0 (0)

 Lesbian 0 (0) 0 (0) 7 (4.5)

 Bisexual 45 (19.1) 720 (17.5) 16 (10.3)

 Heterosexual 4 (1.7) 22 (0.5) 132 (85.2)

Race

 White 135 (57.4) 2526 (63.1) 102 (68.0)

 Black 27 (11.5) 394 (9.8) 12 (8.0)

 Pardo (mixed)/native 73 (31.1) 1085 (27.1) 36 (24.0)

Incomea

 Low 80 (34.0) 1184 (28.8) 43 (27.7)

 Middle 78 (33.2) 1853 (45.1) 75 (48.4)

 High 77 (32.8) 1070 (26.1) 37 (23.9)

Education (years)b

 ≤ 12 75 (32.1) 1278 (31.7) 59 (38.1)

 > 12 (college or higher) 159 (67.9) 2754 (68.4) 96 (61.9)

Region

 North, Northeast and Central‑west 74 (31.5) 319 (7.8) 27 (17.4)

 Southeast/South 161 (68.5) 3788 (92.2) 128 (82.6)

Current partner

 No 171 (72.8) 2818 (71.3) 52 (33.5)

 Yes 64 (27.2) 1135 (28.7) 103 (66.5)

Last HIV test

 Past 3 months 83 (35.3) 1120 (27.3) 10 (6.5)

 Past 6 months 34 (14.5) 794 (19.3) 14 (9.0)

 Past 12 months 32 (13.6) 739 (18.0) 23 (14.8)

 More than 12 months 56 (23.8) 948 (23.1) 64 (41.3)

 Never 30 (12.8) 506 (12.3) 44 (28.4)

Score

 Mean (SD) 25.8 (5.2) 25.7 (4.9) 20.5 (5.5)
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as engaging in high-risk behavior (2276, 55%); 1527 (37%) 
reported condomless receptive anal sex and 1650 (40%) 
reported more than five male sexual partners in the past 
6  months. The Perceived Risk of HIV Scale mean score 
was 25.7 (SD 4.9).

Other populations In total, 155 participants completed 
the translated version of The Perceived Risk of HIV Scale. 
Median age was 48  years (interquartile range [IQR]: 
35–59), the majority were cisgender women (81%), 132 
(85%) were heterosexual, 102 (68%) were White, 43 (28%) 
reported low-income, 96 (62%) reported college educa-
tion or higher. The Perceived Risk of HIV Scale mean 
score was 20.5 (SD 5.5).

Comparing the groups (Table 2), we note that partici-
pants from key populations were younger, almost all cis-
gender men (versus cisgender women), gay or bisexual 
(versus heterosexual), reported higher education though 
were more likely to be low income, were less likely to 
have current partner, more likely to have ever tested for 
HIV, and scored higher in the Perceived Risk of HIV scale 
than other populations.

Confirmatory factor analysis and differential item 
functioning
Factor loadings of the one-factor structure CFA models 
for key populations sample 1 and 2 and other populations 
are provided in Table 3. Model’s fit for the groups were 
(1) key populations (sample 1): chi-square (20) = 94.7, 
p ≤ 0.001, CFI = 0.95, TLI = 0.92, RMSEA = 0.13 (90% 
CI 0.10–0.15); (2) key populations (sample 1): chi-
square (20) = 1137.1, p ≤ 0.001, CFI = 0.94, TLI = 0.92, 

RMSEA = 0.12 (90% CI 0.11–0.12); (3) other populations: 
chi-square (20) = 93.8, p ≤ 0.001, CFI = 0.92, TLI = 0.89, 
RMSEA = 0.15 (90% CI 0.12–0.19). Of note is that the 
loadings for item 2 were within the expected range for 
other populations (0.59) but small for key populations 
(sample 1: 0.20 and sample 2: 0.03).

The first single-factor model was fit combining sam-
ple 1 key populations and other populations, including 
a direct effect of group on the latent factor. Results indi-
cate a marginally acceptable fit [chi-square (27) = 241.7, 
p ≤ 0.001, CFI = 0.91, TLI = 0.89, RMSEA = 0.14 (90% 
CI 0.13–0.16)]. Inspection of modification indices sug-
gested that error terms belonging to items 2 and 8 might 
be correlated. The re-specified model including the cor-
relation of these items had a moderate acceptable fit [chi-
square (26) = 194.6, p ≤ 0.001, CFI = 0.93, TLI = 0.91, 
RMSEA = 0.13 (90% CI 0.11–0.15)].

Prior to accounting for possible DIF, key populations 
participants (sample 1) had 1.29 SD higher latent fac-
tor levels than other populations (see Table 4, p ≤ 0.001). 
DIF analyses indicated that items 2, 4 and 8 had statisti-
cally significant DIF (p ≤ 0.001), with items 2 and 8 being 
endorsed at higher levels by key populations and item 4 
by other populations. As shown in Table 4, after correct-
ing for DIF, key populations had 1.19 SD higher latent 
factor levels compared to other populations (i.e., the 
effect of DIF on overall scores was of 0.10 standard devia-
tions). The final model accounting for DIF had a good fit 
[chi-square (23) = 62.5, p ≤ 0.001, CFI = 0.98, TLI = 0.98, 
RMSEA = 0.07 (90% CI 0.05–0.09)].

Table 3 Factor loadings of the one‑factor CFA models for the Perceived Risk of HIV Scale for key populations sample 1 and 2 and other 
populations

Bold indicate p value ≤ 0.001

Items Key populations Other populations

Sample 1 Sample 2

i01. What is your gut feeling about how likely you are to get infected 
with HIV?

0.741 0.766 0.795

i02. I worry about getting infected with HIV 0.201 0.033 0.590
i03. Picturing self getting HIV is something I find 0.752 0.646 0.560
i04. I am sure I will NOT get infected with HIV 0.636 0.635 0.593
i05. I feel vulnerable to HIV infection 0.628 0.632 0.637
i06. There is a chance, no matter how small, I could get HIV 0.400 0.538 0.555
i07. I think my chances of getting infected with HIV are: 0.918 0.868 0.853
i08. Getting HIV is something I have: 0.375 0.378 0.664
Fit indices

 Chi‑square test of model fit 94.7 1137.1 93.8

 CFI 0.95 0.94 0.92

 TLI 0.92 0.92 0.89

 RMSEA (90% confidence interval) 0.13 (0.10–0.15) 0.12 (0.11–0.12) 0.15 (0.12–0.19)
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The second single-factor model was fit combining 
the sample 2 key populations and other populations, 
including a direct effect of group on the latent fac-
tor. Results indicate a marginally acceptable fit [chi-
square (27) = 1722.7, p ≤ 0.001, CFI = 0.92, TLI = 0.89, 
RMSEA = 0.12 (90% CI 0.12–0.13)]. Similar to results 
above, inspection of modification indices suggested 
that error terms belonging to items 2 and 8 should be 
correlated. The re-specified model including the effect 
of these items had a marginally acceptable fit [chi-
square (26) = 1323.8, p ≤ 0.001, CFI = 0.94, TLI = 0.92, 
RMSEA = 0.11 (90% CI 0.10–0.11)].

Prior to accounting for possible DIF, key populations 
participants (sample 2) had 1.12 SD higher latent factor 
levels than other populations (see Table 5, p ≤ 0.001). DIF 
analyses also indicated that items 2, 4 and 8 were statis-
tically significant (p ≤ 0.001). As shown in Table 5, after 
correcting for DIF, key populations had 1.14 SD higher 
latent factor levels compared to other populations (i.e., 
the effect of DIF on overall scores was of 0.02 standard 
deviations). The final model accounting for DIF had a 
good fit [chi-square (23) = 729.9, p ≤ 0.001, CFI = 0.97, 
TLI = 0.95, RMSEA = 0.09 (90% CI: 0.08–0.09)].

Internal consistency reliability for each group were: key 
populations sample 1 (α = 0.76; 95% CI 0.71–0.80), key 

populations sample 2 (α = 0.75; 95% CI 0.74–0.76), and 
other populations (α = 0.78; 95% CI 0.73–0.83).

Construct validity results are shown in Table  6. We 
observed that participants who ever tested for HIV 
scored higher among key populations from sample 2 and 
other populations (p < 0.001, both samples). Perceived 
Risk of HIV Scale scores for key populations of sample 2 
were significantly higher among those engaging in high-
risk sexual behavior irrespective of how high-risk behav-
ior was measure (p < 0.001). Younger individuals scored 
lower than older individuals among key populations 
(sample 1: p = 0.09; sample 2: p = 0.005).

Discussion
In this study, we successfully performed a cross-cultural 
adaptation of the Brazilian Portuguese version of the Per-
ceived Risk of HIV Scale. CFA showed that the single-fac-
tor structure of the scale had sufficiently good fit among 
all groups considered. Significant DIF was found for 3 
items, and key populations had substantially higher latent 
factor levels compared to other populations. Our results 
indicate that this scale can be used among key popula-
tions in Brazil, such as GBM and transgender/non-binary 
individuals as well as other populations.

Table 4 Factor loadings for the Perceived Risk of HIV Scale in key populations (sample 1) and other populations and influence of 
group on the overall estimates of latent factor score

Bold indicate p value ≤ 0.001

DIF differential item functioning
a Not corrected for DIF
b Correct for DIF for items 2, 4 and 8
c Other populations used as reference

Items Base  modela DIF corrected  modelb

Factor loading 95%CI Factor loading 95%CI

i01. What is your gut feeling about how likely you are to get 
infected with HIV?

0.808 0.76, 0.85 0.806 0.77, 0.84

i02. I worry about getting infected with HIV 0.406 0.30, 0.51 0.284 0.20, 0.37

i03. Picturing self getting HIV is something I find 0.710 0.65, 0.77 0.706 0.66, 0.76

i04. I am sure I will NOT get infected with HIV 0.642 0.58, 0.70 0.685 0.62, 0.75

i05. I feel vulnerable to HIV infection 0.678 0.62, 0.74 0.673 0.62, 0.72

i06. There is a chance, no matter how small, I could get HIV 0.512 0.43, 0.59 0.508 0.44, 0.58

i07. I think my chances of getting infected with HIV are 0.914 0.88, 0.94 0.913 0.89, 0.94

i08. Getting HIV is something I have 0.511 0.42, 0.60 0.431 0.35, 0.51

Structural effect

 Group on latent  factorc 1.287 0.96, 1.61 1.192 0.87, 1.51
Direct effect on item attributable to  groupc

 i02 1.041 0.78, 1.30
 i04 − 0.504 − 0.76, − 0.25
 i08 0.616 0.37, 0.86
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An important finding was that, for the two compari-
sons between key populations and other populations, 
three items of the Perceived Risk of HIV Scale (item 2: 

“I worry about getting infected with HIV”, item 4: “I am 
sure I will not get infected with HIV”, and item 8: “Get-
ting HIV is something I have”) exhibited statistically 

Table 5 Factor loadings for the Perceived Risk of HIV Scale in key populations (sample 2) and other populations and influence of 
group on the overall estimates of latent factor score

Bold indicate p value ≤ 0.001

DIF differential item functioning
a Not corrected for DIF
b Correct for DIF for items 2, 4 and 8
3 Other populations used as reference 

Items Base  modela DIF corrected  modelb

Factor loading 95%CI Factor loading 95%CI

i01. What is your gut feeling about how likely you are to get 
infected with HIV?

0.773 0.76, 0.79 0.773 0.76, 0.79

i02. I worry about getting infected with HIV 0.054 0.01, 0.10 0.023 − 0.02, 0.07

i03. Picturing self getting HIV is something I find 0.649 0.63, 0.67 0.649 0.63, 0.67

i04. I am sure I will NOT get infected with HIV 0.636 0.62, 0.65 0.644 0.62, 0.66

i05. I feel vulnerable to HIV infection 0.639 0.62, 0.66 0.639 0.62, 0.66

i06. There is a chance, no matter how small, I could get HIV 0.545 0.52, 0.57 0.545 0.52, 0.57

i07. I think my chances of getting infected with HIV are: 0.871 0.86, 0.88 0.871 0.86, 0.88

i08. Getting HIV is something I have 0.392 0.35, 0.42 0.383 0.35, 0.41

Structural effect

 Group on latent  factorc 1.119 0.91, 1.33 1.143 0.93, 1.36
Direct effect on item attributable to  groupc

 i02 1.675 1.50, 1.86
 i04 − 0.552 − 0.73, − 0.38
 i08 0.550 0.38, 0.72

Table 6 Perceived Risk of HIV Scale scores according to age, HIV testing and HIV risk behavior. Brazil, 2020

*Data not available

Other populations Key populations, sample 1 Key populations, sample 2

N = 155 Score mean (SD) p value N = 235 Score mean (SD) p value N = 4107 Score mean 
(SD)

p value

Age (years) 0.39 0.09 0.005

 18–24 16 21.6 (6.2) 37 24.4 (5.3) 681 25.2 (5.0)

 ≥ 25 139 20.4 (5.4) 198 26.0 (5.1) 3426 25.8 (4.9)

HIV testing < .001 0.26 < .001

 Never 44 17.9 (5.0) 30 24.8 (5.9) 506 24.8 (5.0)

 At least once lifetime 111 21.5 (5.3) 205 25.9 (5.1) 3601 25.8 (4.9)

Condomless receptive anal sex < .001

 No * * * * * * 2580 25.0 (4.9)

 Yes * * * * * * 1527 27.0 (4.7)

Number of male partners < .001

 ≤ 5 * * * * * * 2457 24.8 (4.8)

 > 5 * * * * * * 1650 27.0 (4.7)

HIRI‑MSM scale < .001

 Low * * * * * * 1831 24.4 (4.8)

 High * * * * * * 2276 26.7 (4.8)
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significant DIF. However, the effect on overall scores of 
the Perceived Risk of HIV scale was negligible (0.10 SD 
and 0.02 SD for the models considering other popula-
tions and key populations sample 1 and 2, respectively). 
Key populations had higher Perceived Risk of HIV scale 
scores on items 2 and 8 and lower scores on item 4. These 
results suggest that scores from key populations and 
other populations can be validly compared and assumed 
to be measuring risk perception using the same metric. 
DIF would also negligibly influence overall scores.

The HIV epidemic in Brazil is highly concentrated on 
key populations including GBM and TGW, with HIV 
prevalence being 10–30 times higher among these pop-
ulations [2, 4, 5]. Since the onset of the epidemic, HIV 
has been portrayed as a disease of gay men. Studies sug-
gests that cultural constructions of sexuality influence 
an individual’s perception of HIV risk and vulnerability 
[36]. In an analysis of individual- and partner-level fac-
tors associated with partner-specific perceptions of risk 
among GBM and TGW who had recently acquired HIV 
infection, both gay or transgender partners were more 
likely to be considered a source of infection than hetero-
sexual partners [37]. These findings suggest a latent cul-
tural logic that identifies GBM or TGW as “carriers of 
HIV disease” [36] independent of their actual objective 
risk of acquiring or transmitting HIV. We hypothesize 
that this association of HIV infection with GBM coupled 
with Brazil’s heterosexist and transphobic society might 
explain key populations’ much higher endorsement of 
item 2, “I worry about getting infected with HIV”. Item 
2 was endorsed by more than half of the participants 
from key populations (50.6% sample 1 and 56.5% sam-
ple 2 responding that they “worry about getting HIV 
all of the time”) whereas more than half of participants 
from other populations reported “worrying about getting 
HIV none of the time (24.5%) and rarely (29.0%)”. This 
line of reasoning could also explain why the factor load-
ing for item 2 was small among key populations (sample 
1: 0.20 and sample 2: 0.03 compared to 0.54 for other 
populations, Table 3). A similar pattern may be observed 
for item 8 (“Getting HIV is something I have”) which 
more than 80% of the participants from key populations 
(85.1% of sample 1 and 82.5% of sample 2) responding 
that getting HIV is something they have “thought about 
often or sometimes” whereas almost half of participants 
from other populations answered “rarely” (24.6%) and 
“never” (23.9%) explaining the relatively low factor load-
ings for key populations (sample 1 and sample 2: 0.38 
compared to 0.66 for other populations). Indeed, items 
2 and 8 were found to be correlated in the CFA analy-
sis. Taken together, these findings suggest that HIV is 
something key populations constantly think and worry 
about independently of their objective assessments of 

risk or of how salient HIV is to them. Furthermore, these 
results highlight the importance of measuring the dif-
ferent dimensions of risk perception as highlighted not 
only in regards to HIV [18] but also more broadly [38]. 
Finally, though the low factor loadings for items 2 and 8 
could suggest that they be removed from the scale when 
assessing perceived HIV risk among key populations 
(thus consequently creating a different measure for key 
populations), we argue for its maintenance because it 
appropriately loaded in other populations, and to keep 
with a single uniform instrument that may be applied to 
all populations.

Confirming our hypotheses, among key populations 
from sample 2, for whom we had information on sexual 
behavior, participants who reported high risk sexual 
behavior (condomless receptive anal sex, > 5 sexual part-
ners and ≥ 10 points in the HIRI-MSM risk score) scored 
higher on the Perceived Risk of HIV Scale than those who 
reported low risk behavior. These results suggest that 
perceived HIV risk, as measured by the proposed trans-
lated version of the scale, correlates with sexual behavior 
as supposed in theoretical models [14].

We found that participants who ever tested for HIV 
scored higher on the Perceived Risk of HIV scale than 
those who never tested for key populations and other 
populations. This positive correlation between scores in 
the Perceived Risk of HIV scale and ever testing for HIV 
was also found during the validation of the present scale 
to European Portuguese, which was conducted in the 
general population and with HIV-uninfected partners 
from serodifferent couples [39], and this association is 
corroborated by prior systematic review findings [40]. 
We also found that among key populations, younger par-
ticipants scored lower on the Perceived Risk of HIV scale. 
Younger GBM aged 18–24 years reported lower perceived 
HIV risk in comparison to older GBM in a prior analysis 
in Brazil [8, 41]. The possible misperception of HIV risk 
among the youngest could help explain the recent rise in 
HIV incidence among GBM aged 16–24  years in Brazil 
[2]. Another explanation for this finding is that younger 
individuals may be more optimistic of HIV treatment 
and prevention strategies and less fearful of HIV infec-
tion than older peers [42–44]. Although these results are 
of importance for the concurrent validity of Brazilian 
Portuguese version of The Perceived Risk of HIV Scale, 
these associations should be confirmed by larger studies 
in particular when thinking of the application of the scale 
in other populations for which our sample was small.

There are several study limitations to highlight. There 
was a difference in sample size between the groups. How-
ever, this difference may not have influenced the results 
as the initial confirmatory factor analysis yielded the sim-
ilar model structures. Due to the cross-sectional design of 
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the study, test–retest reliability and sensitivity to change 
of the translated HIV Perceived Risk scale could not be 
assessed. All collected data were self-reported by partici-
pants and may be subject to bias (social desirability bias). 
Also, participants were recruited from a convenience 
online sample and may not reflect the entire Brazilian 
population, although cellphones and internet connec-
tion are widely available in all socioeconomic strata of the 
Brazilian population [45, 46]. Finally, a limitation of the 
MIMIC model we used is that it assessed uniform but not 
non-uniform DIF.

Conclusions
The HIV Perceived Risk Scale was effectively cross-cul-
turally adapted to Brazilian Portuguese and validated. 
This instrument has shown to be practical, easy to 
administer, and could be useful in future studies to bet-
ter measure perceived HIV risk and its association with 
engagement in high-risk sexual behaviors among a plu-
rality of populations from Brazil.
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