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Abstract

Background: Health literacy is a key determinant of population health, yet evidence on the cross-
national validity of brief health literacy instruments in Latin America remains limited. This study
evaluated the psychometric properties and measurement invariance of the Health Literacy Survey
European Questionnaire—Short Form (HLS-EU-Q6) among adults from Ecuador, Peru, and
Venezuela.

Methods: A cross-sectional psychometric validation study was conducted in 2,034 adults from
Venezuela (n =957), Ecuador (n = 617), and Peru (n = 460). Exploratory and confirmatory factor
analyses were performed using split-sample validation. Reliability was assessed using Cronbach's
alpha, McDonald's omega, composite reliability, and average variance extracted. Measurement
invariance was examined across countries and sociodemographic groups and known-groups
validity was evaluated using Welch analyses of variance.

Results: The HLS-EU-Q6 showed a stable unidimensional structure with satisfactory reliability
(a = .830; @ = .832; composite reliability = .866) and adequate convergent validity (average
variance extracted = .519). Configural and metric invariance were supported across countries,
whereas scalar invariance was not, indicating that observed score differences cannot be
interpreted as equivalent differences in underlying health literacy. In contrast, full invariance was
supported across educational level, scalar invariance across age groups, and partial scalar
invariance across sex. Known-groups validity was supported by higher health literacy among
participants with higher educational attainment and older age.

Conclusions: The HLS-EU-Q6 is a reliable and valid instrument for assessing global health
literacy within Ecuador, Peru, and Venezuela. However, the absence of scalar invariance limits
direct comparisons of observed scores across countries. These findings support the use of country-
specific normative values and highlight the importance of evaluating measurement invariance
before health literacy instruments are applied in multinational surveillance, programme
evaluation, or cross-country public health research.
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1. Background

Health literacy (HLS) is an essential determinant of public health, closely linked to the promotion
of healthy habits and better overall health outcomes (1-3). Limited levels of HLS have been
associated with increased use of curative services, higher healthcare costs, and widening health
inequalities (4—7).

Evidence suggests that those most affected by low HLS are older adults, who have more difficulty
managing health situations, which can lead to chronic illnesses, functional decline, and mental
health problems (8—10). These limitations are also more frequent among people with low levels
of education, low socioeconomic status, or who are financially deprived (9).

In recent years, HLS has evolved theoretically and methodologically towards a broader
understanding, which conceives of it not only as an individual skill, but as a relational
competence, linked to interaction with the environment (11). This perspective recognizes that the
obstacles to adequate health literacy go beyond access to reliable information, as they are
conditioned by sociocultural, educational, and economic factors that limit people's ability to
understand and effectively use health information (12,13).

Valid measurement of health literacy is essential to understand how people interact with
information systems and make health-related decisions. Further studies across diverse ages,
educational, and social groups are needed to design more equitable and effective public health
strategies (14).

The measurement of HLS should account for the social, cultural, and linguistic characteristics of
each context. The European Health Literacy Survey Questionnaire (HLS-EU-Q47) is the most
widely used original instrument for evaluating and performing this measurement (15); however,
its length limits its applicability in certain scenarios, especially when time or resources are limited.
Short versions of the instrument reduce response burden while maintaining reliability and
facilitating use in population and primary care settings.

To address this limitation, abbreviated versions of the instrument have been developed to reduce
respondent burden without compromising reliability or practical utility. Among these, the HLS-
EU-Q6 is a brief self-administered instrument that has shown acceptable reliability and feasibility
for use in population-based, clinical, and community settings.

Previous validations in Swedish and Arabic support the use of the HLS-EU-Q6 as a brief measure
of HLS, with acceptable internal consistency (o = 0.77-0.79) and high test-retest reliability (x =
0.812-0.89) (16,17). However, other studies have shown significant variations in their
psychometric properties. In Sweden, principal component analysis identified a two-factor
structure, whereas in France, confirmatory factor analysis showed a poor fit (17,18). Furthermore,
the French version demonstrated poor discriminative capacity among subjects with medium-to-
high levels of HLS, as well as differential item functioning based on sex, age, and educational
level, posing challenges for measurement invariance (18). Criterion validity has also been
debated, as in the case of the Arabic version, where low agreement with the HLS-EU-Q16 scale
was observed (16).

Other validations of the HLS-EU-Q6, such as the Portuguese, Brazilian, Turkish, and Bengali
versions, have generally shown satisfactory psychometric properties, including acceptable
internal consistency, a unidimensional structure, and adequate factor fit (19-22). In particular, the
Turkish version reported o= 0.82, ® = 0.84, CR = 0.89 and AVE = 0.59, while the Bengali version
showed good internal consistency (o = 0.857), although its authors recommended using the HLS-
EU-Q16 due to its superior psychometric performance (21,22). Overall, these findings suggest



that the HLS-EU-Q6 can be useful as a brief measure of HLS, while also highlighting that its
performance may vary across cultural and linguistic contexts.

In addition to the HLS-EU-Q6, other abbreviated versions have been developed for optimisation
and applicability purposes. In Indonesia, a 10-item model (HLS-EU-SQ10-IDN) was proposed
using data mining techniques, which showed greater accuracy than other traditional abbreviated
scales (23). Additionally, the HLS-Q12 was developed in Norway, it meets Rasch model
assumptions and offers a brief, psychometrically robust alternative for the clinical screening of
HLS (24). More recently, the Mexican version, HLS-EU-Q12M, was validated in patients with
hypertension, demonstrating adequate internal consistency (o = 0.83) and high test-retest
reliability (ICC = 0.94), which supports its utility in this population (25).

To our knowledge, the HLS-EU-Q6 has not been formally validated in Latin American
populations, and evidence regarding its measurement equivalence across countries in the region
is lacking. This represents an important gap, because cultural, socioeconomic, educational and
healthcare-system differences may influence both response to HLS items and the comparability
of scores across populations (26). Therefore, this study aimed to evaluate the factor structure,
reliability, convergent validity, known-groups validity, and measurement invariance of the HLS-
EU-Q6 among adults from Venezuela, Ecuador and Peru. Measurement invariance was examined
across countries and key sociodemographic groups to determine whether the instrument supports
valid within and cross-group comparisons.

2. Method
Participants

The study included 2,034 adults from three Latin American countries: Venezuela (n = 957),
Ecuador (n = 617), and Peru (n = 460). Eligible participants were aged 18 years or older, resided
in one of the participating countries, were able to read Spanish, and provided informed consent
before participation.

A non-probabilistic convenience sampling strategy was used to recruit participants through
complementary online and community-based approaches implemented in each country.
Recruitment sought to include adults with diverse demographic, educational, and health-related
characteristics.

Overall, women represented 61.7% of the sample, and the mean age was 36.50 years (SD =
14.88). The largest age group comprised individuals aged 18-29 years (42.8%), and half of the
participants had completed university or postgraduate education (50.0%). The sample also
included participants with and without chronic diseases and with and without family members
affected by chronic diseases. Detailed sociodemographic characteristics are presented in Table 1.

Because the study employed a non-probabilistic sampling strategy, the sample should not be
considered representative of the adult populations of Venezuela, Ecuador, or Peru.

Table 1

Sociodemographic Characteristics of the Sample



Variable Venezuela Ecuador Peru Total
(n=957) (n=617) (n =460) (N=2034)

Sex

Female 647 (67.6) 399 (64.7) 209 (45.4) 1255 (61.7)

Male 310 (32.4) 218 (35.3) 251 (54.6) 779 (38.3)

Age group

18-29 269 (28.1) 348 (56.4) 253 (55.0) 870 (42.8)

3044 258 (27.0) 187 (30.3) 112 (24.3) 557 (27.4)

45-59 276 (28.8) 66 (10.7) 73 (15.9) 415 (20.4)

60 or older 154 (16.1) 16 (2.6) 22 (4.8) 192 (9.4)

Education

Elementary or below 343 (35.8) 212 (34.4) 130 (28.3) 685 (33.7)

Technical 97 (10.1) 130 (21.1) 105 (22.8) 332 (16.3)

University/Postgraduate 517 (54.0) 275 (44.6) 225 (48.9) 1017 (50.0)

Chronic disease

Yes 284 (29.7) 81 (13.1) 54 (11.7) 419 (20.6)

No 673 (70.3) 536 (86.9) 406 (88.3) 1615 (79.4)

Family member with

chronic disease

Yes 718 (75.0) 373 (60.5) 49 (10.7) 1140 (56.0)

No 239 (25.0) 244 (39.5) 411 (89.3) 894 (44.0)

Age* 41.87 (15.72) 31.03 (11.61)  32.68 (13.06)  36.50 (14.88)

Note. Values are n (%). Education categories are harmonised across countries: postgraduate
degrees are collapsed into the University/Postgraduate category to allow cross-country
comparability. *Mean (SD).

Study design and procedure

A multicountry cross-sectional psychometric validation study was conducted to evaluate the
psychometric properties of the HLS-EU-Q6 among adults from Venezuela, Ecuador, and Peru.
The three countries were selected because they share a Spanish-speaking context while differing
in healthcare systems, socioeconomic conditions, and educational contexts, allowing assessment
of cross-national measurement invariance. Data were collected between October 2023 and April
2024 using a self-administered online questionnaire. Regardless of the recruitment channel, all
participants completed the questionnaire electronically.

Before accessing the questionnaire, participants received information about the study objectives
and procedures, the voluntary nature of participation, the confidentiality of their responses, and
their right to discontinue participation without consequences. Electronic informed consent was
obtained before questionnaire completion. Responses were collected anonymously, and no
personally identifiable information was recorded.

Ethical approval was obtained independently in each participating country before data collection
commenced: the Research Ethics Committee of Universidad Peruana Cayetano Heredia, Peru
(CIEI-389-36-23); the Human Research Ethics Committee of Pontificia Universidad Catélica del
Ecuador (CEISH-860-2023); and the Bioethics Committee of Universidad Centroccidental
Lisandro Alvarado, Venezuela (CBDCS-4-2023). The study was conducted in accordance with
the ethical principles of the Declaration of Helsinki.



Instruments

Sociodemographic questionnaire

A sociodemographic questionnaire was administered to collect information on sex, age group,
educational level, chronic disease status, and the presence of chronic disease among family
members.

Health Literacy Survey European Questionnaire (HLS-EU-0Q6)

Health literacy was assessed using the Health Literacy Survey European Questionnaire—Short
Form (HLS-EU-Q6), a six-item short form derived from the European Health Literacy Survey
Questionnaire (HLS-EU-Q), developed by the HLS-EU Consortium (27). The HLS-EU-Q6 is a
brief self-administered instrument designed to assess self-perceived health literacy, defined as
individuals' ability to access, understand, appraise, and apply health-related information to make
informed health decisions across the domains of healthcare, disease prevention, and health
promotion. In this study, responses were recorded on a five-point Likert-type scale ranging from
1 (very difficult) to 5 (very easy). A global HLS-EU-Q6 score was calculated as the mean of the
six item responses, with higher scores indicating greater self-perceived health literacy.

Cultural adaptation

The Spanish version of the HLS-EU-Q6 underwent a standardised linguistic and cultural
adaptation process in each participating country to promote semantic, conceptual, and cultural
equivalence while preserving the conceptual meaning of the original items.

In each country, the questionnaire was independently reviewed by local experts in psychometrics,
health literacy, and public health. The review focused on semantic and conceptual equivalence,
clarity, comprehensibility, and contextual appropriateness of each item. When necessary, minor
wording modifications were introduced to improve readability and cultural relevance while
aiming to preserve the construct assessed by each item.

Following expert review, pilot testing was conducted with 30 adults in each participating country
who shared characteristics with the target population. Participants completed the questionnaire
and provided feedback on item clarity, comprehensibility, and cultural appropriateness. Pilot
testing indicated that the items were generally understood and considered culturally appropriate
across the three participating countries, and no further substantive modifications were required
before the main data collection

Data analysis

All statistical analyses were performed using R version 4.2.3 (28). Exploratory factor analyses
(EFA) were conducted using the psych package (29), whereas confirmatory factor analyses (CFA)
and measurement invariance analyses were performed using the lavaan (30) and semTools (31)
packages. The total sample was randomly divided into two equal subsamples stratified by country
using a fixed random seed (50/50 split; seed = 123). The calibration subsample was used for EFA,
whereas the validation subsample was reserved for CFA. Internal consistency, measurement
invariance, and known-groups validity analyses were conducted using the full sample.

Prior to factor extraction, item distributions were examined using skewness and kurtosis statistics.
Given the ordinal response format, the EFA was based on a polychoric correlation matrix.
Maximum likelihood estimation with oblimin rotation was applied. The number of factors to
retain was evaluated using parallel analysis (32), the minimum average partial (MAP) test (33),
and the Bayesian Information Criterion (BIC) derived from the Very Simple Structure (VSS)
procedure (34). Factor loadings > .40 were considered substantively meaningful.



CFA was conducted using the weighted least squares mean- and variance-adjusted (WLSMV)
estimator, which is appropriate for ordinal indicators. Six competing measurement models
representing alternative theoretical and empirically derived structures of the HLS-EU-Q6 were
evaluated. Model fit was assessed using the comparative fit index (CFI), Tucker—Lewis index
(TLI), root mean square error of approximation (RMSEA) with its 90% confidence interval, and
standardised root mean square residual (SRMR). CFI and TLI values > .95, RMSEA values < .06,
and SRMR values < .08 were used as reference guidelines (35).

However, these reference values were treated as interpretive guidelines rather than rigid decision
rules. Because the HLS-EU-Q6 comprises only six indicators, the competing models had
relatively few degrees of freedom, a condition under which RMSEA may produce inflated
estimates and indicate poor approximate fit even when other indices suggest comparatively
limited residual discrepancy. Therefore, model selection was not based on any single fit index.
Instead, CFI, TLI, RMSEA, SRMR, standardised factor loadings, model admissibility, theoretical
interpretability, and parsimony were considered jointly. was also given to whether alternative
models produced improper solutions, weakly identified factors, item cross-loadings, or only
marginal improvements in fit at the expense of interpretability. For the retained model, convergent
validity was assessed using the average variance extracted (AVE), with values > .50 considered
indicative of adequate convergent validity (36).

Internal consistency was evaluated using Cronbach’s alpha (o), McDonald’s omega (®), and
composite reliability (CR), with values > .70 considered acceptable (37). Cronbach’s alpha and
McDonald’s omega were estimated for the overall sample and separately for each participating
country, whereas composite reliability was calculated for the retained measurement model.

Measurement invariance was evaluated sequentially across countries at the configural, metric,
scalar, and strict levels. Because sparse and empty response categories prevented stable
estimation of the multicountry invariance models under WLSMV, invariance analyses were
conducted using robust maximum likelihood estimation (MLR), treating item responses as
approximately continuous. Changes in model fit were interpreted according to the
recommendations of Cheung and Rensvold (38) and Chen (39) with absolute changes of ACFI <
.010 and ARMSEA < .015 considered supportive of invariance. When full scalar invariance was
not supported, item intercepts were examined sequentially to identify potential sources of non-
invariance, and statistical significance was adjusted using the Benjamini—Hochberg procedure.
The same sequential invariance-testing strategy was subsequently applied across sex, educational
level, and age group.

Known-groups validity was examined by comparing HLS-EU-QG6 scores across sex, age group,
educational level, chronic disease status, and the presence of chronic disease among family
members. Because group variances and sample sizes were unequal, Welch’s ANOVA was used,
followed by Games—Howell post hoc comparisons when the omnibus test was statistically
significant. Effect sizes were estimated using epsilon-squared (g?). Because scalar invariance
across countries was not supported, latent mean comparisons were not performed. Instead,
between-country differences were examined as observed-score comparisons, using eta-squared
(m?) for the omnibus comparison and Cohen’s d for pairwise comparisons. These comparisons
were interpreted cautiously because they may reflect both substantive differences in health
literacy and cross-national differences in response thresholds.

3. Results

Preliminary item analysis

Item means ranged from 3.34 (SD = 1.08; item 3) to 3.76 (SD = 0.93; item 6) in the pooled sample
(N = 2,034). Skewness ranged from —0.11 to —0.57, and no floor effects were observed. Across
countries, item 3 consistently showed the lowest mean score, whereas item 6 showed the highest
mean score in the pooled sample and Venezuela, and tied with item 5 for the highest mean score



in Peru (both M = 3.67); in Ecuador, item 5 had the highest mean. Table 2 presents the descriptive
statistics for each item across the three participating countries.

Table 2
Descriptive Statistics for HLS-EU-Q6 Items by Country
Item Domain Overall  Venezuela  Ecuador Peru Skewness  Kurtosis
M (SD) M (SD) M (SD) M (SD)
Item 1  Healthcare  3.52(0.99) 3.67(1.13) 3.30(0.75) 3.50(0.87) -0.22 -0.49
Item2  Healthcare  3.66(0.97) 3.89(1.09) 3.38(0.72) 3.58(0.88) -0.33 -0.37
Item 3 Dis.prev.  3.34(1.08) 3.42(1.27) 3.14(0.79) 3.43(0.95) -0.11 -0.71
Item 4 Dis.prev.  3.50(1.03) 3.68 (1.18) 3.17(0.75) 3.57(0.91) -0.18 -0.63
Item 5  Health prom. 3.73(1.05) 3.88(1.25) 3.55(0.75) 3.67(0.90) -0.57 -0.27
Item 6  Health prom. 3.76 (0.93) 4.00(1.01) 3.46(0.72) 3.67(0.85) -0.46 -0.11

Note. Skewness and kurtosis computed on the pooled sample (N = 2,034). Item 3 = most difficult across
all countries; Item 6 = least difficult in the pooled sample (Item 5 is least difficult in Ecuador).

Exploratory

factor analysis

The data were suitable for factor analysis (KMO = .844; Bartlett’s y*(15) = 2015.96, p < .001).
Parallel analysis and the VSS-BIC criterion supported a two-factor solution, whereas the MAP
test and VSS complexity indices favoured a one-factor solution. The two-factor solution,
however, produced an inadmissible communality for Item 4 (h?>=1.97), a factor largely dominated
by a single item, and a substantial interfactor correlation (® = .65), suggesting insufficient
discriminant validity between the factors. Consequently, both one- and two-factor structures were
evaluated using CFA. Table 3 presents the standardised factor loadings for the unidimensional
exploratory solution.

Table 3
Exploratory Factor Analysis: Standarised Loadings for the Unidimensional Solution
Item Domain A h? u?

Item 2 Healthcare 0,727 0,528 0,472
Item 1 Healthcare 0,680 0,462 0,538
[tem 4 Disease prev. 0,704 0,496 0,504
Item 6 Health prom. 0,701 0,492 0,508
[tem 3 Disease prev. 0,646 0,417 0,583
Item 5 Health prom. 0,581 0,338 0,662

Note. ML estimation, oblimin rotation, N = 1,017 (calibration half). A = standardised loading; h*
= communality; u? = uniqueness. Items sorted by loading magnitude.

Confirmatory factor analysis

Six competing measurement models representing alternative factorial structures of the HLS-EU-
Q6 were evaluated (Table 4). M1 specified a unidimensional model in which all six items loaded
onto a single health literacy factor. M2 and M3 represented two correlated factors derived from
the exploratory factor analysis. In M2, the first factor comprised the healthcare and disease



prevention items (Items 1-4) and the second factor comprised the health promotion items (Items
5-6). M3 was identical to M2 except that Item 4 was excluded from the first factor to examine
whether its removal improved model fit. M5 extended the M2 structure by allowing Item 4 to
cross-load on the health promotion factor. M4 represented the theoretical three-factor structure
proposed by the HLS-EU framework, with separate healthcare (Items 1-2), disease prevention
(Items 3—4), and health promotion (Items 5-6) factors. Finally, M6 specified a bifactor model
including one general health literacy factor loading on all six items together with three orthogonal
domain-specific factors corresponding to the theoretical dimensions.

Two models were inadmissible. The theoretical three-factor model (M4) produced a Heywood
case, with an interfactor correlation greater than one, whereas the bifactor model (M6) failed to
converge.

The CFA findings were consistent with the exploratory analyses. Although parallel analysis
initially suggested a two-factor solution, the exploratory results indicated that this structure lacked
adequate psychometric support because it produced an inadmissible communality for Item 4, a
dominant first factor, and a substantial interfactor correlation (® = .65), indicating insufficient
discriminant validity between the factors. This apparent discrepancy highlights the importance of
integrating exploratory, confirmatory, and substantive evidence when selecting the most
appropriate measurement model. Consequently, the apparent multidimensionality identified
during the exploratory phase was not supported as representing distinct latent constructs.

Among the admissible solutions, the unidimensional model (M1) was retained as the most
parsimonious and theoretically interpretable representation of theHLS-EU-Q6. Although some
alternative models showed marginally better values for individual fit indices, these improvements
were not accompanied by superior psychometric performance or greater theoretical
interpretability. Instead, they either produced improper estimates, weakly identified factors, or
introduced additional model complexity without providing meaningful advantages over the
unidimensional solution. Furthermore, the retained model is consistent with the intended purpose
of the HLS-EU-Q6 as a brief screening instrument designed to assess global health literacy rather
than separate domain-specific scores.

Although the RMSEA exceeded conventional reference values, the retained model demonstrated
acceptable CFI (.943), SRMR (.051), satisfactory standardised factor loadings, and adequate
convergent validity (AVE = .519). Taken together, the exploratory and confirmatory findings
support the interpretation of the HLS-EU-Q6 as a unidimensional measure of global health
literacy in adults from Venezuela, Ecuador, and Peru. Model fit indices for all competing models
are presented in Table 4.

Table 4

Confirmatory Factor Analysis: Model Fit Indices and Internal Consistency

Panel A. CFA model comparison



Model 1 (df) CFI TLI RMSEA 90%CI SRMR ACFI ARMSEA

griic;nensionala 3241(9) 0943 0905 0.185 [168,202] 0051  — -
?ﬁi{;{:gﬂac“’r 202.1(8) 0949 0903 0.8 [168,204] 0046 006 .00l
l(\fjth_o uTt‘;’t‘;flaZ;or 1472(4) 0961 0903 0.187 [161,213] 0040 — —
?:ft;tggf;'icalb 68.5(6) 0989 0972  0.101  [080,.123] 0.024 .046  —.084
?gfosslzjé’lfggoi) 2164(7) 0962 0919  0.171  [151,.190] 0040 013  —015
M6 — Bifactor® —(3) — — — — — — _

Panel B. Internal consistency — M1 (selected model)

Country n M SD Welch F (df) p/n Pairwise d (GH)

_ VE-EC:d=0.59
Venezuela 957 376  0.80 FC, 71 51 51%'4) - pzi-%%ll VE-PE: d=0.24
| L EC - PE: d=037

Ecuador 617 3.33 0.58
Peru 460 3.57 0.71

Note. M1: single general factor (all 6 items); M2: two correlated factors — F1 = healthcare + disease
prevention (items 1, 2, 3, 4), F2 = health promotion (items 5, 6); M3: same as M2, item 4 excluded from
Fl1; M4: three correlated factors — healthcare (items 1, 2), disease prevention (items 3, 4), health
promotion (items 5, 6); M5: same as M2 with item 4 cross-loading on F2; M6: bifactor — general factor
on all items + three orthogonal specific factors. WLSMV estimator, ordered = TRUE, holdout half (n =
1,017). * Selected model. ® Inadmissible: Heywood case (r..’= 1.017 between disease prevention and health
promotion). € Did not converge (df = —=3). AVE = .519; CR = .866 for M1. A = Cronbachs alpha; o =
McDonald'’s omega (full sample).

Internal consistency

The retained unidimensional model demonstrated satisfactory reliability. In the pooled sample,
Cronbach's alpha (o = .830) and McDonald's omega (0 = .832) showed excellent agreement,
indicating stable internal consistency. Composite reliability (CR = .866) also exceeded the
recommended threshold, providing additional evidence of score reliability. Country-specific
analyses revealed acceptable reliability across Venezuela, Ecuador, and Peru, with slightly lower
coefficients observed in Venezuela but all estimates remaining within recommended ranges.
Collectively, these findings support the reliability of the total HLS-EU-Q6 score for assessing
health literacy in the participating countries (see Table 4).

Measurement invariance across countries

Sequential measurement invariance testing was conducted across Venezuela, Ecuador, and Peru
using the MLR estimator (Table 5). Configural invariance was supported (CFI =.930, RMSEA =
.101), indicating that the unidimensional factor structure was consistent across countries. Metric
invariance was also established (ACFI = —.010, ARMSEA = —.009), demonstrating equivalence
of factor loadings across the three national samples. However, scalar invariance was not
supported, as constraining item intercepts to equality resulted in a deterioration of model fit
beyond the recommended threshold (ACFI = —.026, ARMSEA = .002).



To identify the source of non-invariance, item intercepts were sequentially freed relative to the
scalar model. After Benjamini—-Hochberg correction, five of the six items showed significant
intercept non-invariance, whereas only Item 1 demonstrated an invariant intercept (ACFI = .001,
p =.306). Because fewer than two invariant intercepts were identified, the minimum requirement
for partial scalar invariance was not met (40). These findings indicate that participants from the
three countries responded to most items using systematically different response thresholds,
despite sharing the same underlying factor structure and equivalent factor loadings. Consequently,
latent mean comparisons across countries were not supported, and subsequent between-country
analyses were conducted using observed composite scores. Country-specific normative values are
therefore recommended for applied interpretation of HLS-EU-QG6 scores.

Table 5
Measurement Invariance Across Countries (MLR Estimator)

Panel A. Sequential invariance models

Model ya df CFI TLI RMSEA SRMR ACFI ARMSEA Pass
1. Configural 214.64 27 0.930 0.883  0.101 0.043 — — —
2. Metric 249.74 37 0.920 0.903  0.092 0.049 -010  —-.009 v
3. Scalar 33042 47 0894 0898 0.094  0.058 -.026 002 X
4. Strict 129595 59 0.537 0.647 0.176  0.144 —-357 082 X

Panel B. Intercept non-invariance: one-at-a-time freeing

Item Domain ACF1 Ay? df p p (BH-adj) Status

Item 3  Disease 0.008 24.00 2 <001 <.001 Non-invariant
prev.

Item4  Disease 0.007  20.87 2 <001 <.001 Non-invariant
prev.

Item6  Health 0.006 19.64 2 <001 .0002 Non-invariant
prom.

Item5  Health 0.004 13.16 2 .001 .002 Non-invariant
prom.

Item 2  Healthcare 0.003  10.12 2 .006 .008 Non-invariant

Item 1 Healthcare 0.001 2.37 .306 .306 Invariant

[\

Note. MLR (Yuan-Bentler) estimator. Grouping variable: country (Venezuela, Ecuador, Peru). Invariance
criteria: [ACFI| <.010 and ARMSEA < .015 (38,39). Panel B: each item’s intercept is freed relative to the
scalar model; p-values adjusted with Benjamini-Hochberg correction.

Measurement invariance by sociodemographic variables

To assess the suitability of the HLS-EU-Q6 for within-country subgroup comparisons,
measurement invariance was evaluated across three sociodemographic variables — sex (male vs.
female), education level (three harmonised categories), and age group (18-29, 3044, 45-59,
60+) — using the same MLR (Yuan-Bentler) estimator and sequential procedure applied for the
cross-national analysis (see Table 6, Panel A). Education level demonstrated the strongest
invariance profile: full strict invariance was supported across all four constraint levels (all |]ACF]I|
<.009), indicating that factor loadings, item intercepts, and residual variances are equivalent
across education groups. Age group supported metric and scalar invariance — the latter exactly
at the conventional threshold (ACFI =—-.010). Strict invariance, however, was not retained (ACFI
= —.033): one-at-a-time residual freeing identified four items with non-invariant residual
variances after Benjamini—Hochberg correction — Item 5 (ACFI = +.015, pBu < .001), Item 6



(ACFI = +.008, pBa = .001), Item 1 (ACFI =+.005, p®x = .007), and Item 4 (ACFI = +.005, p®u
=.007); Items 2 and 3 showed invariant residuals (see Table 6, Panel C). These items thus measure
health literacy with different precision across age groups even though factor structure and item
intercepts are equivalent. Sex showed metric invariance (ACFI = —.006) but not scalar (ACFI =
—.012). One-at-a-time intercept freeing identified item 5 (health promotion domain) as the sole
source of non-invariance after Benjamini—Hochberg correction (ACFI = +.006, pu < .001; Table
6, Panel B). The remaining five items showed invariant intercepts across male and female
respondents, constituting partial scalar invariance. Notably, item 5 also appeared among the items
with non-invariant residual variances by age group (Panel C), marking it as the most
measurement-sensitive item across multiple demographic dimensions. Direct observed-score
comparisons between male and female respondents should therefore be interpreted with caution.

Table 6
Measurement Invariance Across Sociodemographic Groups (MLR Estimator)
Panel A. Sequential invariance models

Grouping Model y(scaled) df CFI TLI RMSEA SRMR ACFI ARMSEA Pas
variable

Sex Configural 173.70 18 929  .882 .092 .041 — — —
Metric 193.37 23 923 899 .085 .044  —.006 —-.007 N
Scalar 223.15 28 911  .905 .083 .047  —.012 —.002 X
Strict 229.72 34 911 922 075 .049 .000 —.008 n/a
Age Configural ~ 186.71 36 932 887 .091 .041 — — —
group
Metric 223.41 51 922 909 .082 .051 —-.010 —.009 N4
Scalar 260.70 66 912 920 .076 .054  —-.010 —.006 4
Strict 352.05 84 879 914 .079 063  —.033 +.003 X
Education Configural 191.14 27 925 875 .095 .043 — — —
Metric 219.06 37 917 899 .085 .048  —.008 —-.010 v
Scalar 248.45 47 908 912 .080 .050  —.009 —-.005 J
Strict 266.87 59 905 .928 .072 052 —-.003 —-.008 4

Panel B. Intercept non-invariance: sex — one-at-a-time freeing

Item ACFI 2(diff) df p p BH Status
Item 5 (health promotion) +.006 16.35 1 0001  <.001 Non-
invariant

Item 1 (healthcare) +.002 2.92
Item 3 (disease prevention) +.002 2.7

( .088 144 Invariant
(
Item 6 (health promotion) +.002 422
(
(

.096 144 Invariant
.040 120 Invariant
465 558 Invariant
.690 .690 Invariant

Item 2 (healthcare) +.001 0.53
Item 4 (disease prevention) +.001 0.16

—

Panel C. Residual non-invariance: age group — one-at-a-time freeing



Item ACFI 12(diff) df p p BH Status

Item 5 (health promotion) +.015 33.84 3 <.001  <.001 Non-
invariant
Item 6 (health promotion) +.008 18.70 3 <.001 .001 Non-
invariant
Item 1 (healthcare) +.005 12.99 3 .005 .007 Non-
invariant
Item 4 (disease prevention) +.005 13.46 3 .004 007 Non-
invariant
Item 2 (healthcare) +.002 7.28 3 .064 076 Invariant

W

Item 3 (disease prevention) +.001 4.63 201 201 Invariant

Note. MLR (Yuan-Bentler) estimator, full pooled sample (N = 2,034). Grouping variables: sex (male vs.
female), education level (low, medium, high), age group (18-29, 3044, 45-59, 60+). ACFI and ARMSEA
reflect change relative to the preceding model. Criterion: |ACFI| <.010 (38); ARMSEA <+.015 (39). Panel
B: intercepts freed one at a time relative to the scalar model; Panel C: residual variances freed one at a time
relative to the strict model. All p-values corrected with the Benjamini-Hochberg procedure. The Strict
model for sex is shown for completeness only (marked "n/a" in the Pass column); because scalar invariance
was not achieved for sex, this result should not be interpreted as confirming strict invariance.

Known-groups validity and cross-country comparisons

Known-groups validity. Health literacy differed significantly according to educational level
(Welch F(2, 916.8) = 13.12, p < .001, € = .012). Participants with university or postgraduate
education scored significantly higher than those with technical education (mean difference = 0.14,
95% CI1[0.03, 0.24], p = .006) and elementary education or below (mean difference = 0.18, 95%
CI[0.09, 0.27], p <.001), whereas no significant differences were observed between the technical
and elementary education groups. Health literacy also varied across age groups (Welch F(3,
673.1) = 4.55, p = .004, & = .007), with participants aged 45-59 years and >60 years reporting
higher scores than those aged 18-29 years, and the oldest group also scoring higher than adults
aged 30—44 years. In contrast, health literacy did not differ according to chronic disease status
(Welch F(1, 600.2) = 2.34, p = .126). Although statistically significant, the observed effect sizes
were small across all known-groups comparisons (g2 =.007-.012), providing evidence of known-
groups validity consistent with previous validation studies conducted in Latin American
populations (see Table 7).

Cross-country comparisons. Because scalar invariance across countries was not supported,
between-country comparisons were conducted using observed composite scores rather than latent
means. Health literacy differed significantly across the three participating countries (Welch F(2,
1158.4) =75.19, p <.001, n* = .061). Venezuela showed the highest mean score (M = 3.76, SD
= 0.80), followed by Peru (M = 3.57, SD = 0.71) and Ecuador (M = 3.33, SD = 0.58). Games—
Howell post hoc tests indicated that all pairwise country comparisons were statistically significant
(p < .001), with effect sizes ranging from small to moderate (Cohen's d = 0.24-0.59). These
findings indicate that observed health literacy scores differed consistently across the three national
samples (Table 7).

Table 7



Known-Groups Validity and Cross-Country Comparisons

Panel A. Known-groups validity (Welch ANOVA)

Variable / Group n M SD Welch F (df) p g€

Education level F(2,916.8) = <.001 .012
13.12

University/Postgraduate 1,017  3.67 0.76

Technical 332 3.53 0.69

Elementary or below 685 3.49 0.73

F(3,673.1)=

Age group 455 .004 .007

18-29 870 3.55 0.68

3044 557 3.54 0.76

45-59 415 3.67 0.80

60 or older 192 3.72 0.82

Chronic disease F(1,600.2) = 126 <.001
2.34

No 1,615  3.60 0.72

Yes 419 3.53 0.81

Games—Howell post-hoc (education): University/Postgraduate > Elementary (difference = 0.18, 95% CI
[0.09, 0.27], p < .001) and University/Postgraduate > Technical (difference = 0.14, 95% CI [0.03, 0.24], p =
.006). Age: 45-59 and 60+ scored higher than 18—29 (p = .044 and p = .038); 60+ scored higher than 30—44
(p = .048). Chronic disease: no significant post-hoc (omnibus non-significant).

Panel B. Cross-country comparisons (observed composite scores)

Country n M SD Welch F (df) p/n Pairwise d (GH)
VE -EC:d=
_ p<.001
F(2,1158.4)= s 0.59

Venezuela 957 3.76 0.80 7519 12)61 VE _PE. d = 024

’ EC-PE:d=0.37
Ecuador 617 3.33 0.58
Peru 460 3.57 0.71

Note. Welch ANOVA with Games—Howell post-hoc tests. €2 = epsilon-squared (effect size for known-groups
comparisons); 1 = eta-squared (country comparison). All pairwise country differences significant at p <.001.
GH = Games—Howell. VE = Venezuela; EC = Ecuador; PE = Peru.

4. Discussion



This study examined the psychometric properties of the HLS-EU-Q6 in a combined Latin
American sample of 2,034 adults from Venezuela, Ecuador, and Peru and is the first to evaluate
its cross-national measurement invariance in this region. Overall, the findings support HLS-EU-
Q6 as a reliable and structurally valid instrument for assessing global health literacy within each
country. However, the absence of scalar invariance across countries indicates that observed
differences in scores should not be interpreted as equivalent differences in the underlying
construct, underscoring the need for country-specific normative values when applying the
instrument across Latin America.

Factor structure and reliability

Evidence from both exploratory and confirmatory factor analyses consistently supported a
unidimensional representation of the HLS-EU-Q6. Although the original HLS-EU framework
conceptualizes health literacy as comprising the domains of healthcare, disease prevention, and
health promotion, the six-item version did not reproduce this multidimensional structure. Instead,
the theoretical three-factor model produced an inadmissible Heywood solution, whereas the
bifactor model failed to converge. These findings are consistent with the methodological
limitations inherent to short-form instruments, in which each theoretical domain is represented by
only two indicators. Consequently, the HLS-EU-Q6 should be interpreted and scored as a global
indicator of health literacy rather than as a multidimensional measure.

The retained unidimensional model also demonstrated satisfactory reliability. Internal consistency
was adequate in the pooled sample (o = .830; ® = .832) and remained acceptable across the three
participating countries, although coefficients were slightly lower in Venezuela (o = .782). This
pattern is consistent with the greater dispersion of scores observed in the Venezuelan sample,
which may attenuate inter-item correlations relative to more homogeneous response distributions.
Furthermore, composite reliability (CR = .866) and average variance extracted (AVE = .519)
exceeded the recommended thresholds proposed by Fornell and Larcker (36), providing
additional evidence of the internal consistency and convergent validity of the scale.

Comparison with previous validation studies

The present findings converge with previous psychometric evaluations of the HLS-EU-Q6
conducted in Brazil, Portugal, and Turkey. Mialhe et al.(20) validated the Brazilian Portuguese
version in 783 adults recruited from four Brazilian cities and reported almost identical KMO
values (.84 vs. .844 in the present study), indicating comparable sampling adequacy despite
differences in recruitment strategies. Standardised factor loadings were also remarkably similar
(Brazil: .53—.64; present study: .58-.73), with both investigations supporting a well-fitting
unidimensional structure. Reliability estimates likewise converged, with Mialhe et al. reporting o
= .87 and ® = .87 compared with o =.83 and ® = .83 in the present study.

Similarly, Pedro et al. (19) reported satisfactory internal consistency for the European Portuguese
version (a = .78) in a sample of 977 adults, although confirmatory factor analysis could not be
performed in that study. More recently, Yesildal (22) validated the Turkish version in 475 adults
and reported o = .82, ® = .84, CR = .89, and AVE = .59, all of which are highly comparable to
the estimates observed in the present investigation (CR = .866; AVE = .519). Collectively, these
findings provide convergent evidence that the HLS-EU-Q6 maintains stable psychometric
performance across culturally and linguistically diverse populations.

Importantly, the present study extends this body of evidence beyond previous single-country
validations by providing the first systematic assessment of measurement invariance across
countries and sociodemographic groups. This contribution strengthens the evidence supporting
the structural robustness of the HLS-EU-Q6 while simultaneously identifying important
limitations regarding the comparability of scores across national contexts.



Measurement invariance and comparability across countries

The most important contribution of this study concerns the cross-national measurement
invariance of the HLS-EU-Q6. Sequential invariance testing supported configural and metric
invariance but failed to support scalar invariance. This pattern indicates that the instrument
measures the same underlying construct across Venezuela, Ecuador, and Peru and that the
relationships between individual items and the latent health literacy factor are equivalent.
However, participants from different countries do not use the response scale in the same way
when they possess the same underlying level of health literacy.

Consequently, direct comparisons of latent means across countries are not supported, and cross-
national rankings based on observed mean scores should be interpreted with caution. Rather than
reflecting deficiencies in the instrument itself, scalar non-invariance suggests that national context
systematically influences response thresholds, a phenomenon commonly reported in cross-
cultural psychometric research (41,42). From a practical perspective, these findings indicate that
applications of the HLS-EU-Q6 for screening, population surveillance, and programme
evaluation should rely on country-specific normative values rather than a common regional
reference. Using a single regional cut-off could lead to inaccurate estimates of the prevalence of
limited health literacy and, consequently, influence the identification of priority populations and
the planning of health promotion and prevention strategies.

Although Venezuela obtained the highest observed health literacy scores, followed by Peru and
Ecuador, these differences cannot be interpreted as equivalent differences in latent health literacy
because response thresholds differed substantially across countries. Therefore, the lower observed
scores in Ecuador should not be interpreted as evidence of poorer underlying health literacy
relative to the other participating countries. Instead, they should be understood within the context
of measurement non-equivalence and differences in response patterns across countries. Moreover,
the distribution of observed scores provides additional context for understanding the absence of
scalar invariance. Ecuador showed a consistent concentration of scores below the scale midpoint
across all sociodemographic subgroups, a pattern that was not explained by sample composition
(R? = .023). In contrast, Venezuela displayed the greatest variability in scores across the full
response range, whereas Peru exhibited an age pattern that differed from the pooled sample, with
younger adults reporting higher health literacy than older adults within the national subsample
(R?=.047).

Taken together, these findings suggest that the observed cross-country differences reflect not only
measurement non-equivalence but also meaningful contextual variation in how health literacy is
expressed and reported. Differences in educational opportunities, access to health information,
digital literacy, and broader social and healthcare environments may contribute to these distinct
response patterns. Accordingly, the lack of scalar invariance should not be viewed solely as a
psychometric limitation but also as evidence that perceptions of health literacy are shaped by
national context. From a public health perspective, these findings highlight the importance of
interpreting health literacy within the social and healthcare context of each country. Developing
country-specific normative values may improve the accuracy of population surveillance, facilitate
the identification of groups at greater risk of limited health literacy, and support the design and
evaluation of health promotion and disease prevention programmes tailored to national needs.
Consequently, the use of a single regional reference for interpreting HLS-EU-Q6 scores across
Latin America is not recommended.

Measurement invariance across sociodemographic groups

In contrast to the cross-national findings, measurement invariance across sociodemographic
groups was generally supported. Educational level achieved full strict invariance, indicating
equivalent factor loadings, intercepts, and residual variances across groups. Consequently, both
observed and latent comparisons across educational attainment can be interpreted with



confidence, providing strong psychometric support for using the HLS-EU-Q6 to examine
educational inequalities in health literacy.

Age-group comparisons yielded metric and scalar invariance but not strict invariance. Four items
(Items 5, 6, 1, and 4) exhibited non-invariant residual variances, indicating that measurement
precision differed across age groups despite equivalent latent factor structure and item intercepts.
Importantly, this pattern does not compromise latent mean comparisons, which remain
appropriate under scalar invariance (42). Rather, it suggests that some items are measured with
different levels of precision across generations.

One plausible explanation relates to generational differences in health information practices.
Older adults continue to rely primarily on healthcare professionals and traditional media, whereas
younger adults increasingly access health information through digital platforms, mobile
applications, and social media (43,44). Such differences may increase response variability for
items requiring active information seeking and evaluation, particularly those assessing health
promotion and critical appraisal. Although these findings do not threaten the construct validity of
the instrument, they indicate that the reliability of specific items may vary according to age.

Sex invariance presented a more nuanced pattern. Metric invariance was supported, whereas full
scalar invariance was not. Differential item functioning analyses identified Item 5 ("Finding
activities that are good for your mental wellbeing, such as meditation, exercise, walks etc.") as
the only item exhibiting intercept non-invariance. Men reported slightly higher observed scores
than women on this item (M = 3.82 vs. 3.68; t(1754.9) =2.97, p =.003, d = 0.133), although the
effect size was small.

This finding is consistent with previous evidence indicating that sex-related differential item
functioning can occur in health literacy instruments. Rouquette et al. (18) similarly identified sex-
related DIF in the HLS-EU-Q16, although involving a different item. The present findings
therefore suggest that differential functioning is not specific to a single indicator but may reflect
broader differences between male and female respondents in the perception and reporting of
health-related competencies. One possible explanation is that traditional masculine norms may
encourage greater self-confidence when reporting health promotion behaviours while
simultaneously discouraging acknowledgement of mental health needs or help-seeking (45).
Importantly, this item-specific DIF did not translate into overall sex differences in health literacy,
supporting the conclusion that the observed non-invariance is localized rather than indicative of
systematic measurement bias across the scale.

Known-groups validity

Known-groups analyses provided additional evidence supporting the construct validity of the
HLS-EU-Q6. As expected, educational attainment showed the strongest association with health
literacy, with participants holding university or postgraduate qualifications reporting significantly
higher scores than those with technical or elementary education. Although the observed effect
size was small, this educational gradient has been consistently reported in previous validation
studies conducted in Ecuador, Peru, and Venezuela (46—48), supporting the instrument's ability
to discriminate between groups with theoretically expected differences.

Age was also associated with health literacy, although the direction of this association differed
from that reported in the European Health Literacy Survey (HLS-EU), in which younger adults
generally demonstrated higher levels of health literacy (8). One possible explanation is the
composition of the present sample. Online convenience sampling may preferentially recruit older
adults with greater educational attainment and digital engagement than the general population,
thereby attenuating the negative age gradient commonly observed in population-based surveys.
Notably, Peru represented an exception to the pooled findings, with younger participants reporting
higher health literacy than older adults within the national subsample, suggesting that contextual
differences in digital health information access and educational opportunities may shape age-
related patterns differently across countries.



In contrast, no significant differences were observed according to chronic disease status. Although
individuals living with chronic conditions are often expected to develop greater health literacy
through repeated interactions with healthcare services, the absence of significant differences in
the present study may reflect the relatively small effect sizes involved, cross-country
heterogeneity, or the limited sensitivity of a six-item screening instrument to detect subtle
differences in health literacy.

Public health implications

The present findings have several implications for public health research and practice in Latin
America. First, the HLS-EU-Q6 provides a brief, reliable, and psychometrically supported
instrument for rapidly assessing health literacy within individual countries. Its brevity makes it
particularly suitable for incorporation into population health surveys, community screening
initiatives, and primary healthcare services, where the rapid identification of individuals with
limited health literacy may facilitate the implementation of targeted educational and preventive
interventions.

Second, the lack of scalar invariance across countries indicates that health literacy should not be
monitored using a single regional reference or common cut-off score. Instead, country-specific
normative values are needed to ensure that screening, surveillance, and programme evaluation
accurately reflect the characteristics of each population. Without such contextual interpretation,
observed differences between countries may lead to inappropriate prioritisation of health policies
or inefficient allocation of public health resources.

Third, improving health literacy has implications beyond individual knowledge. Individuals with
limited health literacy are less likely to understand health information, navigate healthcare
systems, engage in preventive behaviours, adhere to treatment recommendations, and participate
effectively in health promotion programmes. Consequently, strengthening health literacy
represents an important strategy for supporting disease prevention, improving access to primary
healthcare, promoting informed health decision-making, and reducing health inequalities across
Latin America.

Finally, the present findings highlight the importance of routinely evaluating measurement
invariance before using health literacy instruments in multinational studies. Instruments may
demonstrate satisfactory reliability and structural validity while still failing to support meaningful
comparisons across countries if response processes differ systematically across cultural contexts.
Incorporating measurement invariance into cross-cultural validation studies should therefore
become standard practice in international public health research.

Strengths and limitations

This study has several strengths. It represents the first cross-national psychometric evaluation of
the HLS-EU-Q6 in Latin America and, to our knowledge, the first study of this instrument to
comprehensively assess measurement invariance across the three participating countries and
major sociodemographic groups. The large multicountry sample and the combination of
exploratory, confirmatory, and invariance analyses provide a robust evaluation of the instrument's
psychometric performance.

Nevertheless, several limitations should be acknowledged. Participants were recruited through
convenience sampling, limiting the generalisability of the findings to the adult populations of
Venezuela, Ecuador, and Peru. Online recruitment may also have resulted in the
overrepresentation of individuals with higher educational attainment and greater digital literacy,
potentially inflating health literacy estimates. In addition, the brief six-item format necessarily
limits the complexity of the latent structure that can be modelled and precludes reliable
assessment of the theoretical health literacy domains. Finally, the absence of national normative
data limits the clinical and public health interpretation of individual scores, highlighting an
important direction for future research.



5. Conclusions

The HLS-EU-Q6 demonstrated satisfactory reliability, convergent validity, and a stable
unidimensional structure for assessing global health literacy in adults from Venezuela, Ecuador,
and Peru. The instrument supported meaningful comparisons across educational groups and, at
the latent level, across age groups. However, the absence of scalar invariance across countries
indicates that observed score differences should not be interpreted as equivalent differences in
underlying health literacy, limiting the comparability of scores across national contexts.

These findings support the use of the HLS-EU-Q6 as a brief screening instrument for assessing
health literacy within individual countries. However, multinational applications should rely on
country-specific normative values and avoid direct comparisons of observed scores across
countries. More broadly, the present findings highlight that establishing reliability and factor
structure alone may be insufficient for instruments intended for cross-national use, underscoring
the importance of evaluating measurement invariance before health literacy measures are applied
in multinational surveillance, programme evaluation, or international comparative research.
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