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Abstract

Background Health literacy (HL) is a key component of health promotion and sustainability and contributes to
well-being. Despite its global relevance, HL is an under-researched topic in South America but is now debuting its
exploration in Brazil. To leverage its benefits for South America, the mere translation of validated tools into Portuguese
is insufficient. Rather, it is necessary to examine their validity. This study aims to assess the psychometric properties

of the European Health Literacy Questionnaire (HLS-EU-BR47) using the Item Response Theory (IRT) in a population-
based sample of adults in Brazil.

Methods A cross-sectional online study was conducted across Brazil and included 1028 participants aged 18
years and above (80% women). Cronbach’s alpha, McDonald's omega, factor analysis, graded responses model,
ltem Characteristic Curve, HL levels based on this, HL standard calculation, IRT, and regular score correlation were
computed.

Results The instrument exhibit high reliability (Cronbach’s alpha 0.95). Factor analysis yielded one factor. IRT was
appropriate for data analysis because it allowed quality evaluation of items and constructed a scale to quantify HL.
The 47 items and latent features of respondents in the same unit of measurement are positioned in the construction
of the HLS-EU-BR47 instrument. The percentages of individuals at each HL level, calculated using IRT, were found

to be comparable to those obtained through the standard computation, e.g., 3.2% of people reported very low HL
versus 10.8% inadequate HL, 56.2% reported low HL versus 39.5% problematic HL, 31.1% had moderate HL versus
30.1% sufficient HL, and 9.5% had high HL versus 19.7% with excellent HL. The mean HL scores were comparable
between women and men (33.9 vs. 33.7, P=0.36).

Conclusion This study provides new evidence of the validity of a widely used HL instrument for the population of
South America (in this case, Brazil). This tool can be utilized by citizens, health professionals, and regional/national
policymakers to inform the development of initiatives to assess and improve the HL of individuals, groups, and
communities. Further studies are needed to confirm and extend the findings and to explore the influence of local
cultures and practices in the vast Brazilian territory on HL.

*Correspondence:
Stefanie Harsch
stefanie.harsch@ph-freiburg.de

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-19108-2&domain=pdf&date_stamp=2024-6-20

Saboga-Nunes et al. BVIC Public Health (2024) 24:1655

Page 2 of 15

Keywords Health literacy, Item response theory, Gradual response model, Validity of the instrument, measurement

scale of health literacy, Brazil

Introduction
Health literacy (HL) is a public health goal [1], and its
utmost relevance for health promotion, prevention, and
healthcare on all societal and ecological levels is now
widely recognized [2]. Moreover, the World Health Orga-
nization (WHO) recommended tailoring citizens’ HL
development to different social conditions linked to sus-
tainability [3] and “well-being societies” [4]. The Geneva
Charter for Well-being builds on the Ottawa Charter
for Health Promotion [5] and the heritage of ten global
health promotion conferences. Two of these deserve
mention. The seventh Global Conference on Health Pro-
motion of the WHO, held in Nairobi, Kenya, in 2009,
introduced HL as one of five key health promotion strat-
egies [6]. Also, in 2016, the ninth Global Conference on
Health Promotion, held in Shanghai in 2016, highlighted
the role of HL and linked it closely to sustainable devel-
opment [3]. In 2021, the WHO reiterated the necessity of
HL and assigned it a high priority over the life course [4].
However, in order to effectively promote HL, a compre-
hensive understanding of HL and the HL levels within the
country or target group in question is needed [2]. Addi-
tionally, knowing the level of HL at the citizen level will
facilitate this development, as it provides the Ministry of
Health and health workers with a baseline [7, 8]. How-
ever, to assess HL appropriately, an adequate tool must
be available. Operationalizing HL has been one of the
methodological issues in this field. Several tools to assess
HL are available [9], for example, the Test of Functional
Health Literacy in Adults (TOFHLA) [10], the Rapid
Estimate of Adult Literacy in Medicine (REALM) [11], or
the Newest Vital Sign (NVS) [12]. Two characteristics of
these tests are their narrow scope, measuring only spe-
cific language modes (reading and/or numeracy), and
their primary use in healthcare settings, with no focus on
health promotion. Although TOFHLA and REALM are
the most commonly used HL tools [13], other tools have
recently been introduced in HL research, such as the
National Assessment of Adult Literacy Survey [14], the
Swiss Health Literacy Survey [15], the Health Literacy
Instrument for Adults (HELIA) [16], the Health Literacy
Questionnaire (HLQ) [17], and the HLS-EU-Q developed
for the European Health Literacy Survey [7]. A plethora
of instruments have been developed in recent times that
cannot be exhaustively catalogued here. For a compre-
hensive list of HL tools, please refer to the HL toolshed
[18]. Of these, the HLS-EU-Q is the most comprehen-
sive, as it explores four dimensions of HL: the ability to
find, understand, appraise, and apply health information

in three domains: health care, disease prevention, and
health promotion [19].

The HLS-EU-Q has been established over time through
research involving multiple cultures, allowing for the first
simultaneous assessment of citizens’ HL in the world in
different social contexts, including various European
and Asian countries [7, 8, 20]. Despite its extensive use,
studies that assess HL in South America with this instru-
ment are lacking. Consequently, there is a paucity of data
regarding the HL level in South America, particularly
with regard to HL levels in the domains of health pro-
motion and disease prevention. A review of studies con-
ducted worldwide has revealed that the knowledge of the
low levels of HL among their populations has prompted
the implementation of more health interventions. Given
that Brazil is the seventh largest country in the world
with a population of 217.24 million and pressing health
needs, it is of the utmost importance to assess its HL
and develop targeted interventions. Such an assessment
would assist Brazil in fulfilling the promise made at the
9th and 10th Global Conference on Health Promotion to
improve public health through HL.

The first step is to measure HL of the Brazilian popu-
lation, rather than limiting the assessment to selected
subgroups, such as older people, patients with diabe-
tes [21, 22]. However, to do so, not every questionnaire
is equally suitable for this purpose in the given context.
Therefore, it is necessary to assess the validity of the
questionnaire prior to its use. Various well-established
instruments, including the HLQ, the TOFHLA, or the
short TOFHLA [23-25] can be used, translated, and
even culturally adapted here. The objective of our study
was to assess comprehensive HL, encompassing all
domains of the health spectrum (from health promotion
to disease management) and all dimensions from find-
ing, understanding, assessing, to applying. Consequently,
we decided to use the HLS-EU-Q47. The HLS-EU-Q47
has been employed in a multitude of studies across the
globe, thereby demonstrating its global relevance and
facilitating a comprehensive understanding of HL [8, 26,
27]. However, the measurement of HL is only as reliable
and accurate as the instrument itself. For this purpose, it
is necessary not only to check the instrument’s reliability
but also to conduct a full validation, for example, using
Item Response Theory (ITR). IRT, also known as latent
response theory, has been successfully applied [28—30] in
different scientific fields including education, psychology,
administration, health sciences, psychology, and engi-
neering) [29, 31-35, 36]. IRT encompasses models for the
assessment of latent traits. A latent trait is a characteristic
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of a respondent that cannot be directly observed, that is,
no instruments can measure it directly. In this investiga-
tion, the latent trait of interest is the HL.

IRT models explore the pathways to represent the rela-
tionship between a respondent’s latent trait in the spe-
cific knowledge domain being evaluated or verified with
the likelihood of she or he providing a particular answer
to an item. IRT emerged in the mid-1950s and was devel-
oped to overcome some limitations of Classical Test
Theory (CTT) [37, 38]. It is regarded as an advancement
of classical psychometry, complementing and enhancing
statistical techniques for analyzing for items and scales
[38—41]. The advantages of IRT over the Classical Theory
of Measures are as follows: IRT positions items and study
participants on the same scale, thereby enabling the level
of a participant’s trait’s characteristic to be compared to
the level of the characteristic required by the item. This
enables the interpretation of the constructed scale and
facilitates the knowledge about which items provide
information along the scale [41]. Another advantage of
IRT is that it adheres to the principle of invariance, i.e.,
the items’ parameters of the items do not depend on the
latent trait of the respondent and respondent parameters
do not depend on the items presented [39]. A variety
of IRT models have been developed, and the selection
of a particular model is contingent upon the nature of
the item (e.g., dichotomous, polytomous, gradual), the
characteristics of the latent trait (accumulative, non-
accumulative), and the dimensionality of the latent trait
(one-dimensional or multidimensional). Dimensionality
refers to the number of latent traits to be analyzed. Most
IRT applications concern one-dimensional models [29,
32, 33], although there are also instances of multidimen-
sional models, albeit in smaller numbers. In this research,
the Graded Response Model (GRM) of Samejima [42-44]
is employed.

The study aims to explore the psychometric proper-
ties of the HLS-EU-BR-Q47 measurement tool with ICT
and GRM and to assess the HL level in Brazil with the
HLS-EU-BR.

Method

Research design

In 2011, the research group ProLiSa (PROmoc¢do em
comunicacdo, educacdo e llteracia para a sAdde) of the
Portuguese Speaking Network for Health Literacy Pro-
motion (Rede Luséfona para a PROmocédo da llteracia
para a sAude) was established with the objective of facili-
tating the translation of HL knowledge into Portuguese-
speaking countries. In 2014, ProLiSaBr was awarded a
CNPq research grant in Brazil (dgp.cnpq.br/dgp/espel-
hogrupo/7,607,450,991,114,518) to raise social and polit-
ical awareness of the importance of HL in Brazil. This
research project follows other ProLiSa initiatives aimed
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at gaining a deeper understanding of the relevance of HL
in this cultural context. The objective was to ascertain the
validity of an instrument designed to assess the level of
HL at both the individual and community levels. With
two distinct poles under the same research flagship, one
in Minas Gerais and one in Porto Alegre, the ethics com-
mittees approved the respective protocols. Consequently,
at the Federal University of Tridngulo Mineiro, the CAAE
process 04697018.3.0000.5154 originated the approval
3.290.664. At the Faculty of Librarian & Communication
of the Federal University of Rio Grande do Sul, under
the process code CAAE 45816921.0.0000.5347, received
approval number 4.885.152.

Sample selection and data collection

In order to ensure high variability and good representa-
tiveness of the sample, we opted for two samples and a
more conservative approach for its size characterization.
This research follows the principle of purposive sampling,
where the data saturation is a key aspect of sample size
definition. Once data saturation has been reached, and
new information gathering has no impact on the results
or conclusions, the number of participants to be included
is determined. Accordingly, the recommended minimum
sample size for item development of EFA (Exploratory
Factor Analysis) is five participants, while the minimum
sample size for CFA (Confirmatory Factor Analysis) is
ten participants [45]. Given that the instrument in ques-
tion comprises 47 items, the minimum sample size for
CFA would be 500 participants. In a more conservative
approach, Hambleton [46] suggests that IRT requires a
large sample size (e.g., 1,000) to ensure the accuracy of
item-parameter estimates.

Therefore, our first sample focused on professional
groups, including, health professionals, students of spe-
cialization health courses, users of public health services,
teachers of the municipal education network, librar-
ians, managers, and users of public services in the state
of Minas Gerais. The second sample included represen-
tatives across all major regions of the country. In total,
1,028 respondents completed the questionnaire. Upon
applying the HLS-EU-Q criteria for the inclusion or
exclusion of respondents e.g., if the person does not dem-
onstrate variability in response, they should be excluded),
37 respondents were excluded. the final sample for analy-
sis consisted of 981 respondents, 245 from Sample 1 and
736 from Sample 2. (cf. Figure 1)

Data were collected from late 2018 to early 2021 via
an online questionnaire distributed on social media and
through the university library system. Prior to complet-
ing the questionnaire, participants were informed about
the purpose of the study, and provided written informed
consent.
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Fig. 1 Analysis of the eigenvalues of the polychoric correlation matrix

Questionnaire description

A version of HLS-EU-BR-Q47 was developed specifically
for this survey that retained the dimensions and items
of the HLS-EU-Q86 protocol (see Appendix A). Follow-
ing the granting of permission to translate the HLS-EU
questionnaire by the coordination of the European HLS-
EU Consortium, the translation and back-translation
processes ensured the initial phases of cultural adapta-
tion of HLS-EU [47]. A team of three researchers with
diverse backgrounds in linguistics, sociology, and educa-
tion participated in the translation and back translation.
This ensured that the final version would be informed by
advanced knowledge and cultural experience.

The HLS-EU-BR-Q47 is a 47-item instrument based on
the original instrument (HLS-EU-Q47), which encom-
passes four dimensions of HL: finding, understanding,
appraising, and applying health information across three
different domains: health care (16 items), disease pre-
vention (16 items) and health promotion (15 items) [48].
Each item represents an activity associated with a specific
dimension and domain. The respondents are requested
to indicate their perceived competence to perform the
specific activity on a four-point Likert scale with 1 repre-
senting “very easy’, 2 representing “easy’, 3 representing
“difficult’, 4 representing “very difficult” Consequently,
we measured the self-perceived difficulty of selected
health tasks. In order to facilitate interpretation, the val-
ues of each question were reversed so that higher scores
indicated better HL. An overall HL score (overall index
or general HL) and domain scores were calculated for
each participant. Each score was subsequently standard-
ized on a scale from 0 to 50, in accordance with the rec-
ommendations of the instrument’s developers [48].

Regular score calculation was obtained with the
formula.

-

Index = (mean — 1) % <;£)
The scores for general HL, health care HL, disease pre-
vention HL, and health promotion HL were categorized
into four levels: “inadequate HL” (score 0-25), “problem-
atic HL” (score 25.01-33), “sufficient HL” (score 33.01—
42), and “excellent HL” (score 42.01-50) [48]. The first
two categories on this scale combined, collectively repre-
sents individuals with limited HL.

Data analysis and statistics

Data analysis entailed the application of descriptive sta-
tistics, frequency tables, principal component analysis,
and IRT. Pearson correlation analysis was conducted to
examine the relationship between the IRT and HL scores.
The statistical analyses were conducted using the soft-
ware R (R Core Team, 2021) package MIRT (Chalmers,
2012).

Score reliability

In order to ascertain the instrument’s reliability, two dis-
tinct methodologies for measuring internal consistency
were employed for comparative purposes: Cronbach’s
Alpha [49] and McDonald’s Omega [50]. While Cron-
bach’s alpha is a reliability coefficient under the condition
of one-dimensionality and tau equivalency. In contrast
McDonald’s Omega is a congeneric reliability coefficient.
The threshold values of the coefficients are 0.70 and 0.80,
respectively [51].
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Dimensionality

A full Information Factor Analysis (FIFA) was con-
ducted based on the IRT methodology to validate the
instrument’s dimensionality, specifically to ascertain
the number of underlying factors involved, such as
one-dimensionality of a factor. According to Reckase
[52], the results may indicate the presence of a domi-
nant factor if the first factor accounts for at least 20%
of the total variance. The GRM is designed to evaluate
a single latent trait. This type of analysis was selected
for this study because it is more appropriate for a set of
items with ordinal response categories [53], such as the
HLS-EU-BR-Q47.

Model estimation - Samejima s graded response model

In the Samejima-GRM [42-44], it is assumed that the
response categories of an item are ordered among them-
selves. Suppose the categories of an item i are ordered
from the lowest to the highest and are denoted by k=
0,12, ..., m;, where (m; +1) is the number of catego-
ries of i-th. The probability that a respondent j chooses
a particular or higher category of item i can be derived
by extending the 2-parameter logistic model with the
Eq. (1):

1

n
By, (0;) = m (1)
,with,

i=1,2,3,...,pj=1,2,3,..,mk;=0,1,2, ..., m),

where:

m b, ;;» is the difficulty parameter of the k-th category of
item i. This parameter is known as the threshold param-
eter or location parameter. The difficulty parameter refers
to the latent trait level, the probability that a respondent
will select a response category k or a higher-ordered cat-
egory is 0.50, with b1 < b2 < ... < bjp;

m q, is the item i discrimination parameter: this param-
eter represents the extent to which an item discriminates
between respondents at different levels of the latent trait,
determining the “quality” of the item. The greater the
value of the parameter’s value, the better the item and the
discrimination between respondents at different levels of
the latent trait.

m ¢, the parameter of respondent j represents the
respondent’s score, which is the respondent’s HL level
within the IRT.

L] pf”'a’ is the probability of the j-th respondent with
an HL level of 6, being in a particular category ; or higher
than the i-th level of the HL level, with P, (6;) = 1.

The probability of a respondent j to choose a category k
on item i is given by Eq. (2) [42—-44].
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Py, (0;) = By (0;) — P (6))
B 1 1
1+ e_”i('gj_bi.l.:i> 1+ e—rh:(f?j—by‘,,kiﬂ)
such that:
P*i0(6;) =1 (2)

It is observed that in an item with (m,+ I) categories, m;
difficulty parameters need to be estimated in addition to
the item’s discrimination parameter.

Consequently, the number of parameters to be esti-
mated for each item is equal to the number of response
categories minus 1. One of the contributions of IRT is the
amount of information provided for each item at differ-
ent levels of the latent trait scale. The information func-
tion indicates the region of the latent trait where an item
best discriminates between respondents, that is, to what
extent the item is better at each latent trait level. These
functions can be calculated for each item. The infor-
mation functions in IRT play a significant role in item
description, as they guide the choice of items and also
verify the efficiency between different items [39]. In order
to determine the Item Information Function (FII) in the
GRM, the following equation is employed:

Lo =30 e ®

where P;’(6) is the first derivative of the category
response curve evaluated at a particular latent trait level.
The total information curve of the test is the sum of all
information functions of each item that composes it. The
total information function is used to evaluate the per-
formance of the items, that is, how well a set of items is
evaluating the latent trait and is related to the precision
needed to estimate the latent trait so that the standard
error of measure can be estimated as the inverse of the
square root of the total information value of the test at
each level of the latent trait.

The GRM parameters can be estimated using Maxi-
mum Likelihood or Bayesian methods [54]. The esti-
mation process of item and respondent parameters is
implemented with software such as Multilog [55, 56],
Parscale [56, 57], and MIRT package (multidimensional
item response theory) [58] of R [59]. This research esti-
mated the model’s items and the respondents’ param-
eters using the Maximum Marginal Likelihood and the
EAP methods.

Estimating the HL level scale

Estimates of item parameters of the IRT model consid-
ered, ie., by (difficulty parameter), a; (discrimination
parameter), and HL level scores ¢, were obtained with the
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R software MIRT package [58]. The provided parameters’
estimates are on a scale (0, 1), where O represents the
mean, and 1 is the standard deviation.

The HL scale was constructed using anchor levels and
anchor items. For this construction, the cumulative prob-
ability was used to position the items on the scale accord-
ing to their categories. Two consecutive levels in the
latent trait are considered, X and Y, with X<Y an item i is
measured as an anchor item at level Y [30], if:

i) az=l
ii) P(U=1[6=Y)=0.60.

Table 1 Statistics and demographic information about the
survey respondents

Class # (%)
Sex Female 804
Male 19.6
Age 18 to 29 years 139
30 to 49 years 58.1
50 to 59 years 19.6
60 years or more 84
Educational Level  Without Completed Education Level 0.5
Level 1 Complete Fundamental Ed 2.0
Level 2 s stage of Fundamental E 1.5
Level 3 Complete Secondary School 9.1
Level 4 Technical training 8.1
Level 5 University 253
Level 6 Post-graduation lato senso 342
Level 7 Post-graduation stricto senso 184
Did not answer 09
Residence 00) No answer 1.5
02) Alagoas 0.7
04) Amazonas 03
05) Bahia 0.04
06) Ceara 34
07) Distrito Federal 54
08) Espirito Santo 76
09) Goias 0.1
10) Maranhao 20
12) Mato Grosso do Sul 0.5
13) Minas Gerais 0.6
14) Parana 393
15) Paraiba 38
16) Para 0.5
17) Pernambuco 1.7
18) Piauf 26
19) Rio Grande do Norte 03
20) Rio Grande do Sul 12.0
21) Rio de Janeiro 6.5
22) Rondonia 02
23) Roraima 0.6
24) Santa Catarina 36
25) Sergipe 0.1
26) Sao Paulo 6.4
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This way, the categories were positioned at the level
where a respondent with this level has a probability of at
least 0.60 to choose this category or higher. In addition,
experts in the field propose cut-off points for the scale to
improve its interpretation. In this study, the anchor levels
were established and transformed on the scale [48, 10],
where 50 represents the average HL level in the sample
and 10 the standard deviation using the following Eqs. (4,
5, 6, and 7):

0% =10 x 0 + 50 (4)

b =10 X b + 50 (5)

ax = a/10 (6)

P (Ui=1/0) =P (Ui = 1/0%) (7)

where 0 % a *, and b * are the metric’s HL level score and
item parameters [48, 10].

IRT and regular score correlations

A Pearson correlation analysis was conducted to assess
whether there is a relationship between this HL regular
score calculation and the IRT score calculation.

Results

Study sample

A total 0f1028 individuals participated in the study. The
majority of participants were women (80.4%). Addi-
tionally, the 40-49 age group (58.1%) was the most rep-
resented in this study, compared to the other four age
groups. The sample comprises 77.9% graduates from
higher education, indicating a high level of education.
Individuals from 26 provinces participated, with vary-
ing levels of participation, from 0.1% in Goias to 39.3% in
Parana (cf. Table 1).

Data analysis and statistics

Instrument reliability

To assess the instrument’s reliability, Cronbach’s alpha
and McDonald’s omega estimators of internal consis-
tency were employed. The values of Cronbach’s alpha and
McDonald’s omega were 0.96 and 0.97, respectively, indi-
cating a very high level of internal consistency.

Dimensionality
The results of the explanatory factor analysis, based on
IRT, indicated that the polychoric correlation matrix pro-
vides insights into the instrument dimensions, as illus-
trated in Fig. 1. In Appendix B, a table containing the
eigenvalues is provided for reference.

The results show that the first component explains
51% (24 out of 47 items) of the total explained variance,
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indicating a dominant factor that meets Reckase’s [52]
criterion for using a one-dimensional model of IRT.

The majority of items exhibited factor loadings exceed-
ing 0.6 and communality values exceeding 0.3 in the
exploratory factor analysis. Only the items HLHCOI,
HLHP34, HLHP45, and HLHP47 exhibited factor load-
ings between 0.5 and 0.6 and communality values below
0.3. Nevertheless, these items were retained in accor-
dance with the recommendations set forth in [49], which
stipulate that items with factor loadings exceeding 0.5 are
deemed to be practically significant and relevant to the
latent trait. Please refer to Appendix C for a table display-
ing the factor loadings and communality.

Model estimation - samejima ‘s graded response model
The estimates of the item parameters on the scale (0, 1)
are displayed in Table 2.

Table 2 illustrates that the discrimination parameters
ranged from 0.92 to 3.30 (a>1), indicating that most
items exhibited a high power of discrimination. Item 45,
“being a member of a club, playing sports or taking a gym
class’, exhibited the lowest value (a<1), yet still demon-
strated satisfactory power of discrimination. Item 23,
“understand why you need health checks? (e.g., breast
exam, blood sugar test, blood pressure),” exhibited the
highest value.

Upon examination of the difficulty parameters, it
becomes evident that b; (“difficult”’-response category)
exhibited a range of -2.734 to -1.549, b, (“easy”-response
category) exhibited a range of -1.676 to 0.034, and b,
(“very easy”’-response category) exhibited a range of
-0.183 to 1.712. The b parameters are related to the
latent trait level in which the probability of the respon-
dent selecting a response category or a higher-ordered
category is 0.50, so the parameter b, (“very difficult”-
response category) does not require estimation.

Figure 2 depicts the Item Characteristic Curve (ICC)
for the 47 items. This figure presents the categories on
the graph’s curves, from left (P1 - very difficult) to right
(P4 - very easy). However, most items have a region
(interval) on the scale where each response category (P1,
P2, P3, or P4) stands out. Some items’ intervals are small,
indicating a lack of information for the category since it
contains few responses. Although items 01, 08, 14, 16, 22,
and 23 demonstrate satisfactory discrimination, their dif-
ficult category, P2, is a relatively narrow region that is not
readily discernible. The remaining items are satisfactory
in that they present all the curves of the categories in a
manner that allows them to stand out in the region of the
latent trait.

Clarifying this methodology with a specific example
of the Item Characteristic Curve (ICC), Fig. 3 shows the
CCI for item 17 (“Finding information to manage behav-
iors that affect your health, such as smoking, insufficient
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physical activity and drinking too much alcohol”) with
the following parameters: a=2.25; bl = -2.58; b2 = -1.49;
b3=0.26. From this figure, the following interpreta-
tion emerges: Those respondents with latent trait values
below approximately —2.6 are more likely to respond to
category 0 (P1 - very difficult). Those respondents with
latent trait values approximately between —2.6 and —1.5
are more likely to respond to category 1 (P2 - difficult).
Those respondents with latent trait values approximately
between —1.5 and 0.3 are more likely to respond to cat-
egory 2 (P3 - easy). Finally, those respondents with latent
trait values greater than 0.3 are more likely to respond to
category 3 (P4 — very easy). The same interpretation can
be applied to each of the remaining items.

Figure 4 depicts the Total Information Function (TIF)
of the measurement instrument. It can be observed that
the measurement instrument has a greater quantity of
information, approximately in the range between —4 and
2.3, which is consistent with the position of the items on
the scale. In this interval, the standard error values are
relatively low. Consequently, this questionnaire is more
appropriate for measuring respondents with a HL level
between —4 and 2.3, i.e., from very low to high levels.

Estimating the HL level scale (based on IRT)

Following the estimation of the item parameters, the
anchor categories and anchor levels were defined based
on the conditions previously outlined before in Sect. 2.2.4
(Items 1 and 2) and transformed to a scale [48, 10], where
50 represents the average HL level in the sample and 10
the standard deviation where 0 *, a *, and b * are the HL
level score and the item parameters in the metric [48, 10].

Figure 5 illustrates the anchor categories of the indi-
vidual anchor levels (levels of the HL scale) on which
the items were positioned. The respondents positioned
below the lowest anchor level [35] rated all items as very
difficult. Although Item 45 exhibited a discrimination
parameter below 1, it was retained on the scale due to its
thematic importance.

The interpretation of a participant’s position on the
scale is based on his/her score, which indicates his/her
level. The subsequent section will provide a detailed
description of each HL level.

Very low level of HL (0 * < 35) is defined as follows: This
level is defined by identifying respondents who exhibited
difficulty in answering the questions. This result is related
to individuals who consider it very difficult and difficult
to find information about symptoms and treatments of
diseases that concern or cause concern, as well as find
information about healthy activities, such as physical
activity, healthy eating, and nutrition (1 to 2; 32). They
also know what to do in the case of a medical emergency
and get specialized help when they are sick, as well as
understand the medical guidelines by following them
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Table 2 Estimation of the item parameters and their respective standard errors (SE)

Item a SE b1 SE b2 SE b3 SE

HLHCO1 141 0.10 -2.97 0.21 -1.82 0.12 0.31 0.07
HLHC02 143 0.09 -2.84 0.19 -1.48 0.10 0.64 0.07
HLHCO3 1.36 0.09 -2.58 0.17 -0.84 0.07 1.28 0.10
HLHC04 1.88 0.11 -2.36 0.14 -1.15 0.07 0.54 0.06
HLHCO05 2.28 0.13 -2.26 0.13 -1.20 0.07 0.52 0.06
HLHC06 1.77 0.10 -2.04 0.12 -0.83 0.06 0.96 0.07
HLHCO7 1.56 0.09 -2.18 0.13 -047 0.06 1.34 0.09
HLHC08 2.57 0.16 -2.46 0.15 -1.58 0.08 0.13 0.05
HLHCO09 218 0.13 -2.46 0.15 -1.13 0.07 0.69 0.06
HLHC10 2.06 0.11 -2.07 0.1 -0.58 0.05 1.05 0.07
HLHC11 1.92 0.1 =211 0.12 -0.63 0.06 1.00 0.07
HLHC12 1.97 0.1 -1.76 0.10 -043 0.05 1.04 0.07
HLHC13 2.00 0.12 -2.59 0.16 -0.94 0.06 0.97 0.07
HLHC14 2.28 0.14 -2.60 0.16 -1.75 0.09 0.39 0.05
HLHC15 1.58 0.10 -2.63 0.17 -1.39 0.09 061 0.07
HLHC16 261 0.16 -248 0.15 -1.65 0.08 0.34 0.05
HLDP17 2.25 0.14 -2.58 0.16 -1.49 0.08 0.26 0.05
HLDP18 2.23 0.12 -2.12 0.12 -0.80 0.05 0.77 0.06
HLDP19 266 0.15 -2.33 0.13 -1.08 0.06 0.58 0.05
HLDP20 3.06 0.17 -2.14 0.11 -1.13 0.06 048 0.05
HLDP21 293 0.17 -2.34 0.13 -147 0.07 0.25 0.05
HLDP22 2.82 0.18 -2.52 0.16 -1.70 0.09 -0.15 0.04
HLDP23 330 0.21 -2.29 0.13 -1.62 0.08 -0.13 0.04
HLDP24 3.17 0.19 -2.23 0.12 -1.37 0.07 0.03 0.04
HLDP25 2.69 0.15 -2.11 0.1 -1.07 0.06 0.35 0.05
HLDP26 2.00 0.12 -2.48 0.15 -0.94 0.06 0.76 0.06
HLDP27 2.53 0.14 -2.29 0.13 -1.04 0.06 061 0.06
HLDP28 2.25 0.12 -2.11 0.12 -0.59 0.05 0.87 0.06
HLDP29 2.12 0.13 -2.63 0.17 -1.54 0.09 0.01 0.05
HLDP30 1.51 0.09 -2.50 0.16 -0.82 0.07 0.99 0.08
HLDP31 1.96 0.1 -2.18 0.13 -0.82 0.06 094 0.07
HLHP32 293 0.17 -2.44 0.15 -147 0.07 0.22 0.05
HLHP33 2.77 0.16 -2.37 0.14 -1.33 0.07 0.34 0.05
HLHP34 1.18 0.08 -1.89 0.13 0.15 0.07 1.82 0.13
HLHP35 145 0.09 -1.67 0.1 0.01 0.06 1.72 0.1
HLHP36 1.67 0.10 -2.00 0.12 -0.44 0.06 137 0.09
HLHP37 1.90 0.1 -2.37 0.14 -0.98 0.06 1.03 0.07
HLHP38 1.74 0.10 -1.99 0.12 -0.56 0.06 1.12 0.08
HLHP39 240 0.14 -2.33 0.13 -1.27 0.07 0.62 0.06
HLHP40 2.89 0.17 -2.38 0.14 -1.17 0.06 0.58 0.05
HLHP41 1.97 0.1 -2.34 0.14 -0.95 0.06 0.91 0.07
HLHP42 247 0.14 -2.37 0.14 -1.19 0.06 0.61 0.06
HLHP43 2.39 0.14 -2.75 0.18 -1.45 0.08 0.40 0.05
HLHP44 1.46 0.09 -2.73 0.18 -0.89 0.07 1.12 0.09
HLHP45 0.92 0.07 -2.28 0.19 -0.23 0.08 2.14 0.18
HLHP46 1.53 0.10 -2.63 0.17 -0.97 0.07 1.11 0.09
HLHP47 112 0.08 -2.59 0.19 -0.23 0.07 1.90 0.14

Note(s): a: discrimination parameter

b: difficulty parameter or location

(b, =difficult, b,=easy and by=very easy)

SE: standard error of the parameter’s estimates
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Fig. 4 Test Information Function

advantages and disadvantages of different options in
order to decide about their illness (7 to 10;13;15;16).

The respondents indicated that it was difficult or very
difficult for them to find information about behaviors
that affect their health, such as smoking, insufficient
physical activity, and drinking too much alcohol. They
also reported difficulty in finding information about
managing mental health issues, stress, or depression; and
in finding information, understanding and evaluating
about vaccines and the reasons for taking them, as well
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as the need to understand and evaluate the relevance of
the health exams that should be carried out as a way of
preventing and controlling diseases, about health risks in
the media are reliable (17 to 28; 43; 46).

The respondents indicated that it is difficult or very dif-
ficult to decide which vaccines to take, how to protect
themselves from disease by specific sources (29 to 31; 39);
how to gain more knowledge about well-being such as:
meditation, walks, and Pilates; and to find information
on how the neighborhood could be more health-friendly
and activities that improve health and well-being in their
community [33, 34, 41, 60, 42, 43, 45]. The respondents
indicated that it is very difficult and difficult to know
more about political changes that may affect health, and
other information such as understanding the information
on food packages (35 to 38); to assess how your housing
compromises your health [61].

Low level of HL (35<8 * < 50) is indicated by: In addi-
tion to the aforementioned characteristics, this level is
defined by identifying respondents who perceive it as
easy to find information about treatments for diseases
that concern them or cause concern, who find it easy
to find out what to do in case of a medical emergency.
This level is characterized by identifying respondents
who consider it easy to find out what to do in a medi-
cal emergency and where to get specialized help when
sick, such as from a doctor, pharmacist, or psycholo-
gist) (2 to 6). Furthermore, respondents find it easy to
read medication inserts, follow medical guidelines, and
evaluate treatment options. (7;10;11;13;15;16) At this
level, respondents consider it easy to find information
that interferes with physical and mental health, as well
as what vaccines they may need, preventive exams and
information about health risks in the media (17 to 20;
23 to 28; 43; 46). Respondents, at this level yet, consider
it easy to decide which vaccines they need and want to

take, how to protect themselves from the disease based
on information from the media (29 to 31; 39); how to
know more about well-being such as: meditation, walks,
Pilates, among other healthy activities that their commu-
nity offers. (33;40;41;44,47). At this level, the respondents
consider it easy to learn more about efforts to promote
their health at work; understand health advice from fam-
ily and friends (36 to 38) and assess how their housing
compromises their health (42). Furthermore, respon-
dents at this level find it very easy to understand why
they need vaccines (22).

Moderate level of HL (50<0 * < 65): This level is char-
acterized by respondents who consider it easy to find
information about how their neighborhood could be
more health-friendly (e.g. reducing noise and pollu-
tion, to learn about creating green spaces, leisure), about
policy changes that may affect health, e.g., legislation,
health screening programs, new changes in government,
restructuring of health services, among others (34 and
35). At this level, respondents perceive it easy to be a
club member, practice sports or exercise classes, and get
involved in activities that improve health and well-being
in their community (45;47). Also, respondents perceive
it very easy to find information regarding the symptoms
and treatments of diseases that concern or cause con-
cern, as well as to find information about healthy activi-
ties such as physical and mental activity and healthy
eating (including understanding information presented
on food packaging). Moreover, respondents find it very
easy to understand instructions from their doctor or
pharmacist on how to take a prescription drug, find it
very easy to find information about treatments for dis-
eases that concern them or cause concern, the leaflet that
comes with the medication, to understand what to do in
a medical emergency and to understand the information
about physical and mental health that comes from the
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Table 3 Level of health literacy
Frequency Percent Valid Cumu-
Percent lative
Percent
Valid Inadequate 109 104 10.8 10.8
HL
Problem- 399 379 395 50.2
atic HL
Sufficient 304 289 30.1 80.3
HL
Excellent 199 189 19.7 100.0
HL
Total 1011 96.1 100.0
Missing System 41 39
Total 1052 100

media (1; 2; 7 to 11;13 to 16; 31 to 33; 38 to 40). Further-
more, they consider it very easy to find information to
manage your physical and mental health and about vac-
cinations and health checks you should have in order to
prevent and control conditions such as overweight, high
blood pressure or high cholesterol, as well as decide how
you can protect yourself from the disease based on the
advice of family and friends. (17 to 21; 24 to 30; and 37).
At this level, respondents find it very easy to assess how
the place where they live affects their health and well-
being; how their housing conditions and decision-making
for better daily behaviors (such as eating, physical and
mental exercises, among others) contribute to maintain-
ing a healthy life (41 to 44; 46).

High level of HL (8 * > 65). In addition to the charac-
teristics of the previous items, respondents on this level
find it very easy to find out what to do in a medical emer-
gency, understand what to do in a medical emergency,
learn more about political changes that can affect health,
including health legislation, health screening programs,

new governmental changes, and the education of health
services (3; 7; 35). At this level, respondents perceive it
very easy to find information that indicates how the
neighborhood in which they live could be more health-
friendly including the creation of spaces for leisure and
enjoyment of green areas, learn how to promote health
at work; to participate in activities designed to improve
the health and well-being of the community and to
make decisions that would improve their own health
(34;36;44;45;47).

Figure 6 depicts the histogram of the distribution of
participants’ levels of HL. The majority of respondents
(56.2%) exhibited values in the low level (35<0<50). A
total of 3.2% of respondents exhibited a very low level of
HL (8<35), 9.5% demonstrated a high level of HL, (65<0)
and 31.1% exhibited a moderate level of HL.

Levels of HL based on standard calculations

Table 3 displays the distribution of the HL levels based
on the standard level computation. The mean HL scores
were comparable between women and men (mean HLS-
EU-Q: 33.9 vs. 33.7, P=0.36). A significant association
was observed between higher HL scores and younger age
and higher educational and economic levels.

RT and regular score correlations

A correlation analysis was conducted to assess the rela-
tionship between the IRT and the literacy scores pro-
posed for the standard calculation (cf. Figure 7). The
scatter plot illustrates a discrepancy in the distribution
of extreme values between the HLGEN measure and the
values estimated by the IRT model. Nevertheless,, the
scores are generally well estimated for the entire data
distribution.
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A high correlation was found, with the value of Pear-
son’s linear correlation coefficient equaling 0.9782.

Discussion of results

This study aimed to provide evidence on the HL levels
in Brazil using the HLS-EU-BR-Q47 survey. This evi-
dence was gathered to provide evidence to support the
construct validity (e.g., internal structure and invariance
measurement) and reliability (score reliability) of the
47-item Health Literacy Survey using the Item Response
Theory model.

Limitations: sample and data collection procedures

This research endeavored to gather information from
various regions within Brazil. The objective was not to
achieve full representativeness, but rather to achieve
saturation of the results in order to create a data set that
could support the analysis of the implementation of IRT.
Consequently, the data collection process, (online data
collection using social media and university libraries,
which includes a bias due to the self-selection process of
the participants) served this purpose and was not a limi-
tation. The data collected from almost all Brazilian states
and diverse locations were normalized with an inten-
tional bias according to educational level. (For example,
given that HL is influenced by education level, selecting
a set of participants who have a higher level of education
than the average population. In our sample, 77.9% of the
participants had a high level of education. This resulted
in a sample that was likely to have a higher level of HL
than the average Brazilian citizen [62]). Nevertheless,
the majority of participants exhibited low levels of HL
based on the statistical analysis. This suggests the need to
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investigate whether HL may be even of lower at the pop-
ulation level to capture the social hindrance for Brazilian
citizens with low HL levels.

Psychometric analysis of the tool - compared to other
studies

The results of the IRT analysis unveil that the Brazilian
Portuguese version of the HLS-EU-BR-Q47 question-
naire exhibited a one-dimensional characteristic. Fur-
thermore, the Cronbach’s Alpha and Macdonald’s Omega
coeflicients demonstrated satisfactory levels of reliability
and justify its use as a survey instrument to assess the
level of HL in different populations, including in Bra-
zil [19]. The Cronbach’s alpha and McDonald’s omega
values of 0.96 and 0.97, respectively, indicate excellent
accuracy [49, 63], thereby enabling the HL test to score
participants with desired precision across the full range
of regional and socioeconomic differences. Compared to
other studies on the reliability of the HLS-EU-Q, which
have reported Cronbach’s Alpha values between 0.51 and
0.91 [19], 0.84 in Romania [27] and 0.98 in Hindi [64], or
0.99 in Afghanistan [20], our study demonstrated a high
level of accuracy.

The analysis of item loadings on factors revealed no
interpretable pattern. The implications of this finding for
the interpretation of this one-dimensional construct [39],
could result from the similarity of the cognitive processes
involved in response attributes or due to the closer rela-
tionship between the content domains for these items
(even some overlapping of possible answers by par-
ticipants). Consequently, these findings appear to align
with a parsimonious approach, suggesting that a single,
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essential latent trait is being measured, namely general
content knowledge in the context of HL.

The one-dimensional Samejima Gradual Response
model proved adequate, as all items were well estimated.
With the estimated parameters, it was possible to create
the HL scale to cover all levels of HL, as indicated on the
test information curve, since the items cover all levels of
HL. An exploratory one-factor model fitted better than
its two-factor counterpart or else (significant LRT test),
at no cost for parsimony. The analysis of item loadings
on factors revealed no interpretable pattern. This find-
ing implies that the instrument can be assumed to be
one-dimensional.

HL levels

The IRT analysis of the HLS-EU-BR-Q47 data, allocated
on a ruler, permitted the comparison between the items
in relation to the difficulty or ease of answering the 47
questions in the three dimensions previously mentioned.
This suggests that the instrument has an acceptable sen-
sitivity. The very low, low and moderate HL levels were
found in the three dimensions (health care, disease pre-
vention and health promotion), and the high level was
only identified in two dimensions (the health care and
the health promotion dimension of HL). More partici-
pants were found to be less comfortable with questions
related to health promotion and disease prevention than
with questions related to disease management. These IRT
results are consistent with the findings of other studies
conducted in other parts of the world [26].

The finding that 56.2% of participants have a low
HL level is consistent with findings from other stud-
ies employing the European HLS-EU instrument, which
utilized classical HL computation: one in every two citi-
zens had limited HL. However, the percentage of indi-
viduals with limited HL varied considerably by country,
ranging from29%in the Netherlands to 62% in Bulgaria
[7]. In Portugal, 59.9% and in a subsequent study, 49.0%
of participants had limited general HL. Of these, 23.8%
reported inadequate HL and 36.1% problematic HL [47].
The prevalence of low levels of HL among Brazilians was
also evident in other Brazilian HL studies. These stud-
ies demonstrated that 31.7% or 32.4% (among the elderly
even 51.6%) had an inadequate and marginal functional
HL [23, 24].

IRT and regular score correlations

IRT uses a different approach to access validity evidence;
therefore, concurrent validity with other more tradi-
tional strategies was procured for this study. Through a
correlation analysis between the scores of the HL level
of each participant calculated with classical approaches
and the scores obtained with IRT, a strong positive cor-
relation was observed between the two methodologies
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which confer robust reliability in the use of the survey for
research purposes.

Achieving quality of life, one output of a healthy life-
style is based on society structural forms of organiza-
tion. In this sense, the role of services and public policies,
especially health policy and social participation become
relevant determinants of health. Lack of access for dis-
advantaged groups makes it difficult to access health
information, which is reflected in the answers on where
to find relevant health information. By considering only
individual issues like the items in the HLS-EU-BR-Q47
and not the context, it can often hide structural factors
which affect HL in complex ways that do not depend on
the citizen [65-67].

In order to help individuals at the very low and low lev-
els of social strata improve their social condition, public
policies focusing on HL improvement become crucial.
Through skills and competences acquisition (with edu-
cational settings contribution, for example), information
management (access, understand, apply) can contribute
to increment knowledge used in decision-making favor-
able to health [2, 68].

Conclusions

This cross-sectional study evaluated the psychometric
properties of the European HL Survey Questionnaire
translated into Portuguese (HLS-EU-BR-Q47) through
the Item Response Theory (IRT) in a population-based
sample of adults in Brazil. Using this HL instrument in
cultural contexts other than the original one raises sev-
eral issues, including the question of its validity. Conse-
quently, we explored the psychometric properties of the
HLS-EU-BR-Q47 based on data from most regions in
Brazil.

The alarmingly low levels call for implementing more
interventions to improve HL in Brazil.

These results contribute to the establishment of the
instrument’s accuracy and provide favorable evidence for
its use as a survey tool to measure the level of HL in var-
ied populations.

The novelty of this study lies in the assessment of the
accuracy of a HL instrument using two distinct statistical
approaches: (Cronbach’s Alpha, Item Response Theory
and the Item Characteristic Curve and HLGEN measure.
As both approaches have given evidence for the scale’s
accuracy, we invite other researchers to consider using
various statistical approaches to verify their HL mea-
sures. Based on this validated instrument, we can now
conclude that it is an appropriate instrument for assess-
ing HL in Brazil. Moreover, this study provides novel
knowledge and evidence on the validity of one of the HL
instruments from the South American (Brazilian) popu-
lation. This instrument can be used by citizens, health
professionals, decision-makers, or regional/national
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policymakers to develop initiatives to access and increase
the HL of individuals, groups, and communities. To con-
firm and expand the findings, future studies are needed
to fill the gap not covered in this research on the influ-
ence of local cultures and practices in the vast Brazilian
territory.
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