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Abstract

Background

Health literacy has a direct impact on the health of populations. It is related to education,
capacity for self-care, and management of health resources. The Health Literacy Survey
Questionnaire HLS-Q12 is one of the reference instruments but has not yet been adapted to
Spanish. The aims of the study were to cross-culturally adapt and evaluate the psychometric
properties of the Spanish version of the HLS-Q12.

Methods

Data was collected from June 2020 to March 2022. The sample consisted of 60 patients
who initiated cancer treatment for the first time within a clinical trial. Double direct translation,
back-translation, cognitive debriefing with a 10-patient sample, and an expert committee
were used for cross-cultural adaptation. For validation of the HLS-Q12, a psychometric anal-
ysis was performed to assess feasibility, reliability, sensitivity to change and construct valid-
ity with other measures such as health-related quality of life, empowerment, and health
needs.

Results

The HLS-Q12 is equivalent at the semantic, conceptual, and content level to the original ver-
sion and its psychometric properties demonstrated good internal consistency with a
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Cronbach’s alpha of 0.88 and a McDonald’s omega of 0.91, a high degree of fit for the con-
firmatory factor analysis, and a statistically significant sensitivity to change (p = 0.025).

Conclusions

Based on robust psychometric values, the Spanish version of HLS-Q12 was found to be a
good cross-culturally adapted tool for collecting correct information on health literacy in can-
cer patients regardless of tumour type or stage. Although more studies are needed, this ver-
sion of HLS-Q12 could be used in research for collecting data on the health literacy needs of
Spanish-speaking patients.

Introduction

In recent years health literacy (HL) has received increasing attention from the scientific com-
munity. It allows individuals to manage their own health by enhancing self-care capacity, deci-
sion-making skills, and active participation in both individualised care and health
programmes and therefore has a broad impact on health care systems and public health [1-3].
From this perspective, the World Health Organization (WHO) defines HL as "the social and
cognitive skills that determine a person’s level of motivation and ability to access, understand
and use information in ways that enable them to promote and maintain good health" [4].

In 2015 the European Health Literacy Survey Project (HLS-EU) estimated that 12.4% of the
European population had inadequate literacy levels and 35.2% had marginal levels [5]. By con-
trast, the same study showed that 7.5% of Spanish citizens had inadequate HL levels and 50.8%
were marginal [6]. The HLS-EU Project created the HLS-EU-Q86 survey for the measurement
of HL. This questionnaire assesses four dimensions of HL (access, understanding, evaluation,
and application of health information) that are divided into three different domains (health
promotion, disease prevention, and disease care). Later versions such as the HLS-EU-Q47 and
others such as the HLS-Q16, HL-SF12, and HLS-Q12 followed [6]. However, the HLS-Q12
does not have an adapted and validated Spanish version [7].

Very few health questionnaires measure HL. The availability of tools that measure HL
through easy-to-use and quick-to-administer questionnaires will facilitate the construction of
formative education strategies with the aim of increasing patient independence. This is espe-
cially true for those with chronic diseases whose personal involvement in the care process is
essential to increase the likelihood of adherence to pharmacological therapy and successful dis-
ease management [8]. The purpose of this study was to conduct a cross-cultural adaptation
and validation of the Spanish shortened version of the HLS-Q12.

Methods
Study design and participants

A quantitative psychometric study with a descriptive, longitudinal design and a cross-cultural
adaptation was conducted. The study population consisted of patients initiating cancer treat-
ment at the oncology unit of a tertiary hospital in the city of Barcelona. Inclusion criteria were:
a) agreement to written informed consent and a follow-up call via telenursing; b) patients >18
years of age; c) patients with solid tumours at any stage of the disease; and d) patients who had
not previously received oncological treatment as part of a clinical trial. Exclusion criteria were:
a) lack of remote connection devices; b) inability to participate in the study due to clinical

PLOS ONE | https://doi.org/10.1371/journal.pone.0299736  February 29, 2024 2/17


https://doi.org/10.1371/journal.pone.0299736

PLOS ONE

Spanish HLS-Q12: Transcultural adaptation and psychometric properties

situation (i.e., scores of 2-3 on the Eastern Cooperative Oncology Group (ECOG) perfor-
mance scale); ¢) patients with cognitive impairment; d) a level of schooling that did not allow
completion of the questionnaires; and e) a language barrier that made it difficult to complete
the questionnaires.

For sample size, we considered the number of items that form part of the scale, accepting
that the number of subjects for the sample should be between 2 and 10 times the number of
items. Based on this, 60 subjects were sufficient for the study [9-14]. Loss-to-follow-up rate of
25% was estimated. Data was collected from June 2020 to March 2022.

Measurements

Sociodemographic variables included age, gender, marital status, level of education, and
whether there were cohabitants at home. Clinical variables included trial phase, tumour type
and stage, presence and number of comorbidities and degree of independence. Management
of oncological symptomatology was quantified by recording and evaluating expected outcomes
and interventions according to the hospital’s individualized care plan for cancer patients.
CTCAE v5.0 (Common Terminology Criteria for Adverse Events) was used to measure the
different degrees of adverse events (G1-G5) related or not to treatment produced by chemo-
therapeutic, radiotherapeutic, or immunotherapy agents. Among the events collected we
highlighted anorexia, nausea, xerostomia, mucositis, diarrhoea, constipation, pain, and fatigue.
Pain and fatigue symptoms were measured using the categorical pain scale (no pain-unbear-
able) and the numerical fatigue scale (0-absence of fatigue, 10-worst possible fatigue),
respectively.

HL was measured using the HLS-Q12, a 12-item scale, which measures HL on a Likert scale
from 1 (very difficult) to 4 (very easy). The theoretical range is from 12 to 48 points, the higher
the score, the higher the HL [7]. The full Spanish HLS-Q12 instrument can be found in S1
Appendix.

Two questionnaires were used to assess the health-related quality of life (HRQoL) of
patients: one by the European Organization for Research and Treatment of Cancer (EORTC
QLQ-C30) [15,16] and the scale designed by the American Eastern Cooperative Oncology
Group (ECOG) [17] and validated by WHO. Empowerment was assessed using the Patient
Empowerment in Long-Term Conditions questionnaire (PELC) [9,18] and the Holistic Needs
Assessment (HNA) [19,20] to identify individual patient needs.

The 30-item EORTC QLQ-C30 scale incorporates 5 functional dimensions (physical func-
tioning, activities of daily living, emotional functioning, cognitive functioning, and social rela-
tionships), 3 symptom scales (fatigue, nausea and vomiting, pain), a global health status scale,
and several individual items, to assess additional symptoms commonly reported by cancer
patients. All measures range in score from 0 to 100. A high score for the functional scale repre-
sents a high/healthy level of functioning, a high score for the global health status represents a
high HRQoL, but a high score for a symptom scale represents a high level of symptomatology/
problems [15,16].

The ECOG is a hetero-administered scale that assesses the evolution of the patient’s abilities
in daily life while maintaining maximum autonomy, and its results help to guide therapeutic
decisions and the prognosis of the disease. The ECOG is scored from 0 to 5 (normal to death,
respectively) [17].

PELC is a self-administered questionnaire that measures empowerment in chronically ill
patient and contains 47 items that are scored on a Likert scale from 1 (strongly disagree) to 5
(strongly agree). The scale ranges from 47 to 235, with higher scores indicating higher levels of
empowerment [9,18].
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The HNA Tool comprises a self-assessment of health needs of patients living with cancer
through a simple questionnaire. It measures the physical, practical, emotional, spiritual, social,
socio-economic, and environmental need of individuals. A higher number of marked needs
indicates a higher number of concerns about the disease process [19,20].

Data collection

Five visits (V) were made: the first before treatment initiation (V1); 24 hours (V2) and 10 days
(V3) after treatment initiation; completion of the educational intervention but before starting
anew treatment cycle (V4); and 3 months after enrolment (V5). All patients received an edu-
cational intervention with a nurse via synchronous teleconsultation which consisted of infor-
mation about the clinical trial, resolving doubts about disease process, and providing health
education on the warning signs and symptoms of adverse effects of the trial treatment. Both
patients and their relatives were informed with the intention of empowering the patient.

Data on sociodemographic and clinical variables were collected at V1. The PELC, EORTC
QLQ-C30, HNA, and HLS-Q12 instruments were administered to assess validity and internal
consistency of the HLS-Q12. Clinical variables were collected in V2 and V3 and questions
were answered based on HNA results. In V4, clinical variables and the PELC, EORTC
QLQ-C30, and HNA questionnaires were collected. In V5, information was collected, queries
were resolved according to patients’ needs, and the treatment status was documented. The
self-administered questionnaires were sent by e-mail via Microsoft forms with a mandatory
response design. Sociodemographic and clinical data were collected using Research Electronic
Data Capture (REDCap). Anonymized study data can be found in S2 Appendix.

Cross-cultural adaptation process

Permission was received from the author of the original English language version of the
HLS-Q12. The aim of the adaptation process is to ensure that the instrument is semantically,
conceptually, and content-wise equivalent to the original version. Semantic equivalence seeks
to obtain same meaning for each of the items, conceptual equivalence ensures the question-
naire measures same theoretical construct in both cultures, and content equivalence proves
each item has relevance for both cultures [18,21]. The adaptation was carried out taking into
account the methodology recommended by the International Society for Pharmacoeconomics
and Outcomes [22]: 1) forward translation; 2) reconciliation and synthesis of the translations;
3) back translation into English; 4) comparison and harmonization of the back translations
with the original; 5) cognitive debriefing; 6) review of the cognitive interviews by the commit-
tee of experts; 7) reading test, spelling and grammar check; and 8) drafting of the process
report.

Psychometric properties and data analysis

Sociodemographic and clinical data were collected and expressed as absolute and relative fre-
quencies with means and standard deviations (SDs). The statistical package R software version
4.1.0 was used, and statistically significant values were set to p<0.05.

For psychometric analysis, feasibility, reliability, construct validity, and sensitivity to change
were considered [23]. Feasibility was measured by recording the time needed to complete the
questionnaire, as well as the descriptive characteristics of the questionnaire items (ceiling and
floor effects). To assess relevance of each item, an item-total correlation analysis was per-
formed. It recommended that values <0.2 be discarded or reformulated as they represent an
insufficient level of homogeneity, items should be at least >0.3, and levels >0.4 are considered
very good [24].
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Reliability was analysed by internal consistency and assessed with Cronbach’s alpha and
McDonald’s omega, both have values between 0-1 with higher values being more reliable
[25-28] Cronbach’s alpha was also considered if the item was removed; this index shows how
reliability improves when the item is removed from the scale, allowing identification of items
affecting internal consistency.

For construct validity [29], instrument structure was studied by performing a confirmatory
factor analysis (CFA). CFA parameter estimation was carried out using structural equation
modelling and the weighted least squares means and variance adjusted (WLSMV) model for
calculating estimators as it provided the best option for working with categorical or ordered
data [30]. The estimates of latent variables and variances are assumed to take values from -1 to
1 [31]. Absolute fit indicators were considered with chi-square (x*), SRMR (standardised root
mean residual), and RMSEA (root mean square error of approximation) tests. These indicators
are considered adequate for values >0.05 for x>, <0.05 for SRMR, and <0.06 for RMSEA
[32-34]. Incremental fit indicators utilised were AGFI (Adjusted Goodness of Fit Index),
BBNFI (Bentler Bonnet Normed Fit Index), BBNNFI (Bentler Bonnet Non-Normed Fit
Index), CFI (Comparative Fit Index), and TLI (Tucker-Lewis Index). These indicators range
from 0 (null fit of the model to the data) to 1 (perfect fit); values close to 0.90 are considered
adequate [34-36]. Normalised > was used for parsimony fit indicators which establishes the
ratio between x” and the number of degrees of freedom (3*/gl). Values <2 are considered
acceptable [32-34].

Convergent-divergent validity of the constructs was by performed with a Pearson correla-
tion matrix between HLS-Q12, the rest of the V1 questionnaires, and different clinical vari-
ables. The correlation (r) was interpreted as low (<0.29), moderate (0.30-0.49), and high
(>0.50) [37]. For convergent validity, we hypothesised that HLS-Q12 is related to PELC,
EORTC-QLQC30 (functioning, symptomatology, and global health), ECOG before interven-
tion, and the number of comorbidities [38-40]. Acceptable convergence is considered when
significant correlations p<0.05 were present [26,41]. Regarding divergent validity, we
hypothesised that HLS-Q12 has different constructs with HNA, and the clinical variable
related to the management of symptomatology in oncological processes [38-40]. Divergence is
accepted when a non-significant value p>0.05 is expressed [26,41].

Sensitivity to change was assessed by comparing means of pre-post HLS-Q12 scores,
defined by an educational intervention through teleconsultation consisting of five fixed visits
plus a series of on-demand consultations (V1 and V4 in the total sample and in two subsam-
ples that we differentiated in the study; stable patients ECOG 0 or experiencing an improve-
ment in ECOG, from 1 to 0, and non-stable patients, who did not show clinical improvement).
Cohen’s effect size was also calculated. The effect size (ES) values used were considered as
either large (>0.8), moderate (0.5), or small (0.2) changes [29,34,42].

Ethics approval and consent to participate

The project has been approved by the Clinical Research Ethics Committee of the Parc de Salut
Mar (No. 2020/9408/1). An information sheet and written informed consent were provided so
that participants could be aware of the objectives, the purpose of the study, and could be
informed of how their data was managed. At the time of inclusion, they were assigned an iden-
tification code consisting of the initials of the recruitment centre and a correlative number.

Results
Cross-cultural adaptation of the HLS-Q12
The Spanish HLS-Q12 is presented in Table 1.
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Table 1. Original and adapted HLS-Q12 Health Literacy Questionnaire.

On a scale from very difficult to very easy, how easy
would you say it is to:

1. find information on treatments of illnesses that
concern you?

2. understand what to do in a medical emergency?

3. judge the advantages and disadvantages of different
treatment options?

4. follow instructions on medication?

5. find information on how to manage mental health
problems like stress or depression?

6. understand why you need health screenings (e.g.,
breast exam, blood sugar test, blood pressure)?

7. judge if the information in the media on health
risks is reliable (TV, internet, or other media)?

8. decide how you can protect yourself from illness
based on advice from family and friends?

9. find information on healthy activities such as
exercise, healthy food and nutrition?

10. understand information on food packaging?

11. judge which everyday behaviour is related to your
health (drinking and eating habits, exercise etc.)?

12. make decisions to improve your health?

https://doi.org/10.1371/journal.pone.0299736.t001

En una escala de "muy dificil" a "muy facil", indique cual es
el grado de dificultad que encontraria para realizar las
siguientes actividades:

1. encontrar informacion sobre los tratamientos de
enfermedades que le preocupan?

2. entender que debe hacer usted en una emergencia
médica?

3. valorar las ventajas e inconvenientes de diferentes
opciones de tratamientos?

4. seguir las indicaciones de una medicacion?

5. encontrar informacion sobre como afrontar problemas de
salud mental como el estrés y la depresion?

6. entender porque es necesario realizarte pruebas médicas
(p-€j. mamografia, azticar en sangre, presion arterial. . .)?

7. valorar si la informacion sobre riesgos para la salud que
aparece en los medios de comunicacion es fiable (TV,
internet u otros)?

8. decidir como puede prevenir enfermedades siguiendo
consejos de salud de familiares y amigos?

9. encontrar informacion sobre actividades saludables como
ejercicio, comida sana y nutricion?

10. entender la informacion que aparece en los envases de
alimentos?

11. valorar que actividades del dia a dia influyen sobre su
salud (habitos alimenticios, ejercicio, etc.)?

12. tomar decisiones para mejorar su salud?

A double direct translation of the English questionnaire was completed independently by
two bilingual translators whose mother tongue was Spanish and who came from different cul-

tural contexts within the Spanish territory. Both translations were reconciled and synthesised

into a single document by a committee of experts yielding a first Spanish version. An expert
translator in the healthcare field whose mother tongue was English was contracted to back-
translate the document into English. Both English versions were compared, and the synthe-
sised document was sent to the original author who suggested modifications to some of the
items, and these opinions were considered by the authors of the Spanish translation who har-

monised a second Spanish version.

A cognitive debriefing was conducted via semi-structured and individual interviews with a

heterogeneous sample of 10 patients (5 men and 5 women) undergoing cancer treatment who

gave their opinion on how the questionnaire was constructed, its ease of use, the type of for-
mat, and the brevity and clarity of the questions. 40% of the patients had lung cancers, 40%

had genitourinary cancers, 10% had breast cancer, and 10% had digestive cancer. Mean age of
the participants was 63.9£10.5 years. A 10% rate of incomprehension was obtained, and partic-
ipants made suggestions for improvement. Of the 12 questions, two were identified (items 2
and 12) for which participants expressed difficulty in understanding and answering. They
were asked for alternative wording and provided ideas to improve their understanding. Of the
10 participants, 30% had marginal, 60% had intermediate, and 10% had advanced levels of HL.
The same expert committee reviewed the results of the cognitive interviews, a reading test, and
a spelling and grammar check, and then a consensus was reached on the final version of the
Spanish questionnaire.
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Psychometric analyses of the HLS-Q12 questionnaire

Characteristics of the participants. Table 2 describes the characteristics of the total sam-
ple consisting of 60 patients and the two subsamples that were used for the analysis of sensitiv-
ity to change, 47 stable patients (78.3%) which ECOG was 0 or experienced an improvement
in ECOG, from 1 to 0, and 13 non-stable (21.7%) or worsening patients, who did not show
clinical improvement.

Feasibility. The average time needed to complete the HLS-Q12 was 4.1£3.9 min (range
1-19 min). Since the questionnaires had an online design with compulsory response, all items
were completed for HLS-Q12, QLQC30, PELC, and HNA. In Table 3, it can be observed that
scores were distributed over the theoretical range, that the floor effect for the symptomatology
dimension of QLQC30 (13.33%), and Dimension (D) 1 (15%), D2 (26.67%), D3 (20%), D4
(45%), and D5 (65%) of HNA obtained the highest percentages and that the questionnaires
that obtained the highest ceiling effect percentages were the functioning dimension of the
QLQC30 (8.33%), and D3 (5%), D4 (10%), D5 (8.33%), and D6 (5%) of HNA.

Descriptive analysis of the HLS-12 items. The frequency of responses for each item, the
values of central tendency and dispersion, and the item-total correlation of the HLS-Q12 are
shown in Table 4. 75% of items showed a response rate >50% in some of their categories
(items 2, 3,4, 6, 7,9, 10, 11, 12). All items obtained a correlation >0.51 indicating a high degree
of homogeneity and strong association between the item and the total score.

Reliability. Cronbach’s alpha scores indicated a good internal consistency in HLS-Q12
showing values of 0.88. McDonald s omega showed values of 0.91.

In addition, Table 5, shows that when the alpha values of some of the items were removed it
did not fall below 0.86 indicating a good relationship of the item with the total scale.

Construct validity. Confirmatory factor analysis. CFA results concluded that HLS-Q12 is
a one-dimensional model (Fig 1). Table 6 shows the weight of each of the items in the
WLSMYV model tested in the study. Most of the items have values >0.4 indicating that all
items had a relevant contribution to the model.

Goodness of fit of the model. The y value was significant (p = 0.017), indicating that the
hypothesis of a perfect model should be rejected. RMSEA showed a reasonable fit, and
although the SRMR did not reach the cut-off value, it was very close. The /gl ratio and the
incremental measure indices (AGFI, BBNFI, BBNNFI, CFI, and TLI) gave acceptable values.
The model offers a high degree of fit. A summary can be found in Table 7.

Convergent-divergent validity. Pearson’s correlation matrix, showed in Table 8, for
HLS-Q12 with PELC, EORTC-QLQC30, and HNA and clinical variables indicated that some
of the convergent and divergent hypotheses were confirmed.

PELC and the global health dimension of the EORTC-QLQC30 expressed convergence
with HLS-Q12. PELC obtained a high correlation with a significant p-value, while the global
health dimension of the EORTC-QLQC30 obtained a low correlation, although with a signifi-
cant p-value. However, functioning and symptom dimensions of EORTC-QLQC30, ECOG
before intervention, and number of comorbidities obtained low correlations and non-signifi-
cant p-values, not expressing convergence with HLS-Q12.

In the divergent hypotheses, low correlations have been established with symptomatology
management and HNA, however, the p-value has been significant for HNA and has not
expressed significant values with symptomatology management, expressing divergence
between symptomatology management and HLS-Q12.

Sensitivity to change. Score differences, in Table 9, for HLS-Q12 between the first and
fourth visits were statistically significant for the total sample and the subsample of stable or
improving patients, but not for the subsample of worsening patients. The ES had a small
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Table 2. Total sample and subsamples of patients selected for psychometric analysis.

VARIABLE Total sample Stable sample or improvement Worsening sample
n =60 n=47 n=13
n (%) n (%) n (%)
Gender Woman 20 (33.3) 14 (29.8) 7 (53.8)
Male 40 (66.7) 33(70.2) 6 (46.2)
Age (expressed in min-max.; mean+SD) 45-min 45-min 45-min
84-max 84-max 83-max
69.1£10.4 69.1+10.2 69+11.2
Marital status Married 38 (63.3) 32 (68.1) 6 (46.2)
Single 13 (21.7) 9(19.1) 4(30.8)
Widowed 9 (15) 6(12.8) 3(23.1)
Cohabitation Lives accompanied/independent 38 (63.33) 32 (68.1) 7 (53.8)
Lives with someone/carer 8(13.33) 5(10.6) 2(15.4)
Lives alone/independent 14 (23.33) 10 (21.3) 4(30.8)
Education Primary Education 26 (43.3) 20 (42.6) 6 (46.2)
Secondary Education 26 (43.3) 21 (44.7) 5(38.5)
University Education 8(13.3) 6(12.8) 2(15.4)
Trial phase 13 (21.7) 8(17) 5(41.7)
2 28 (46.7) 24 (51.1) 4(30.8)
3 19 (31.7) 15 (31.9) 4(30.8)
Tumour type Colo-rectal 6 (10) 3(6.4) 3(23.1)
Esophagogastric 2(3.3) 2(4.3)
Genito-urinary 27 (45) 24 (51.1) 3(23.1)
Breast 5(8.3) 4(8.5) 1(7.7)
Otorhinolaryngological 1(1.7) 1(2.1)
Lung 18 (30) 12 (25.5) 6 (46.2)
Tegumentary 1(L.7) 1(2.1)
Stage 2 11 (18.3) 8 (17) 3(23.1)
3 6 (10) 5(10.6) 1(7.7)
4 43 (71.7) 34 (72.3) 9 (69.2)
Comorbidities Yes 59 (98.3) 46 (97.9) 13 (100)
No 1(1.7) 1(2.1) 0(0)
N.c comorbidities 0 1(1.7) 1(2.1)
1 4(6.7) 4(8.5)
2 18 (30) 16 (34) 2(15.4)
3 12 (20) 8 (17) 4(30.8)
4 9(15) 7 (14.9) 2 (15.4)
5 8(13.3) 7 (14.9) 1(7.7)
6 5(8.3) 3(6.4) 2 (15.4)
8 2(3.3) 2(15.4)
11 1(1.7) 1(2.1)
ECOG before intervention 0 37 (61.7) 31 (66) 6 (46.2)
1 23 (38.3) 16 (34) 7 (53.8)
ECOG after intervention 0 35 (59.3) 35 (74.5)
1 17 (28.8) 12 (25.5) 5(41.7)
2 2(3.4) 2(16.7)
3 5(8.5) 5(41.7)
Symptomatology management Yes 52 (86.7) 44 (93.6) 8 (61.5)
No 8 (13.3) 3(6.4) 5(38.5)

ECOG: Eastern Cooperative Oncology Group; SD: Standard deviation.

https://doi.org/10.1371/journal.pone.0299736.t002
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Table 3. Scores and feasibility coefficients of the QLQ-C30, PELC, HNA, and HLS-Q12 questionnaires (n = 60).

Questionnaires Theoretical range Items with MV, % Feasibility
Observe range Mean SD Floor % Ceiling%

EORTC QLQ-C30
« Functional scales 0-100 0 10.7-100 72.2 22.9 1.67 8.33
« Symptom scales 0-100 0 -1.2-74.7 21.6 18.3 13.33 1.67
« Global health status 0-100 0 0-100 54.2 22.9 1.67 3.33
PELC 47-235 0 109-221 161.2 22.1 1.67 1.67
HNA
« D1+Physical concerns 0-28 0 0-28 9.9 7.6 15 1.67
» D2+Practical concerns 0-16 0 0-16 3.6 3.9 26.67 1.67
» D3+Emotional concerns 0-12 0 0-12 4.2 3.5 20 5
» D4+Family/relationship concerns 0-5 0 0-5 1.3 1.6 45 10
« D5+Spiritual or religious concerns 0-3 0 0-2 0.4 0.6 65 8.33
« D6+Lifestyle or information needs 0-11 0 0-11 4.3 3 13.33 5
TOTAL 0-75 0 0-69 23.9 17.2 11.67 1.67
HLS-Q12 12-48 0 21-45 32.4 5.2 1.67 1.67

D: Dimension; EORTC QLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire—Core 30; HLS-Q12: Health Literacy
Survey Questionnaire; HNA: Health Needs Assessment tool; MV: missing values; PELC: Patient Empowerment in Long-Term Conditions questionnaire; SD: Standard

deviation.

https://doi.org/10.1371/journal.pone.0299736.t003

Table 4. Descriptive analysis of the HLS-Q12.

Item content MV Very difficult Difficult Easy Very easy Item-total correlation
n (%) n (%) n (%) n (%) n (%)
Item 1 0 (0) 6 (10) 28 (46.7) 20 (33.3) 6 (10) 0.73
Item 2 0 (0) 4(6.7) 16 (26.7) 38 (63.3) 2(3.3) 0.62
Item 3 0 (0) 3(5) 32 (53.3) 23 (38.3) 2(3.3) 0.58
Item 4 0(0) 1(1.7) 8(13.3) 43 (71.7) 8(13.3) 0.65
Item 5 0(0) 5(8.3) 23 (38.3) 28 (46.7) 4(6.7) 0.72
Item 6 0(0) 0(0) 5(8.3) 38 (63.3) 17 (28.3) 0.56
Item 7 0(0) 2(3.3) 35 (58.3) 20 (33.3) 3(5) 0.51
Item 8 0(0) 4(6.7) 29 (48.3) 22 (36.7) 5(8.3) 0.57
Item 9 0 (0) 0 (0) 16 (26.7) 37 (61.7) 7 (11.7) 0.75
Item 10 0 (0) 2(3.3) 17 (28.3) 36 (60) 5(8.3) 0.71
Item 11 0 (0) 1(1.7) 8(13.3) 43 (71.7) 8(13.3) 0.74
Item 12 0(0) 0(0) 15 (25) 38 (63.3) 7 (11.7) 0.76

MYV: Missing values.

https://doi.org/10.1371/journal.pone.0299736.t1004

coefficient for the total sample and the subsample of stable or improving patients, but a large
effect for the subsample of worsening patients.

Discussion

This study describes the process of cross-cultural adaptation for HLS-Q12 and its psychomet-
ric properties in terms of feasibility, reliability, construct validity, and sensitivity to change.
The results indicate that the Spanish translation is equivalent at the semantic, conceptual, and
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Table 5. Cronbach s alpha if item is removed.

Item content Cronbach s alpha if item is removed
Item 1 0.87
Item 2 0.87
Item 3 0.87
Item 4 0.87
Item 5 0.87
Item 6 0.87
Item 7 0.88
Item 8 0.88
Item 9 0.86
Item 10 0.86
Item 11 0.86
Item 12 0.86

https://doi.org/10.1371/journal.pone.0299736.t005

content levels to the original version with good internal consistency, and a small-moderate ES,
but statistically significant sensitivity to change. The construct validity showed mixed results as
factor analysis verified the structure of the original model with a high degree of fit, but not all
convergent-divergent validity hypotheses were confirmed.

According to the HLS-EU project, it is necessary to have reduced instruments adapted and
validated in different languages that are customised to particularities and contexts where they
are applied. HLS-EU-Q86 was followed by reduced versions including HLS-EU-Q47,
HLS-Q16, HL-SF12, and HLS-Q12 [6]. For example, HLS-Q47 in an Asian sample that
showed good construct validity, satisfactory goodness-of-fit with a 3-domain model, high
internal consistency, adequate convergent validity, and no significant ceiling/floor effects [43].
For HLS-Q12, validation results showed good construct validity, adequate goodness-of-fit
with a 3-domain model, and high internal consistency [7,44].

AN

S
1] [2][3][4][s][e] 7] [10] 11} [12)
cacstamcscacscscacs

046 054 C Ij ‘(‘(124

Fig 1. Confirmatory Factor Analysis model for the HLS-Q12. f1, single factor model.
https://doi.org/10.1371/journal.pone.0299736.9001
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Table 6. Estimated parameters of the confirmatory factor analysis.

Variable Standardised loading factor™ Standardised error variances™
Item 1 0.734 0.461
Item 2 0.675 0.545
Item 3 0.625 0.609
Item 4 0.751 0.436
Item 5 0.729 0.468
Item 6 0.621 0.615
Item 7 0.489 0.761
Item 8 0.542 0.707
Item 9 0.832 0.307
Item 10 0.769 0.409
Item 11 0.863 0.255
Item 12 0.874 0.235

*Standardised factor loadings.

https://doi.org/10.1371/journal.pone.0299736.t1006

In our translation of HLS-Q12, feasibility showed a good response rate due to the online,
compulsory response design, together with a reduced number of questions. The item-total cor-
relation of the HLS-Q12 obtained values >0.50 suggesting a strong homogeneity and that each
item measures the same construct [24]. Values >0.7 were obtained for reliability scores both
for the total sum of the instrument (alfa and omega) and for the individual items, which are
considered acceptable to indicate that an instrument has good internal consistency [25-28].
These results agree with those obtained by previous versions, with values of 0.87 for HL-SF12,
0.85 for HLS-Q12 in its English version, 0.98 for HLS-Q16 in its Spanish version, and values of
>0.90 in its original version HLS-EU-Q47 [43-45].

For construct validity, the original instrument is described as a unidimensional model,
which also corroborates results of this study [7]. However, another study using a different
methodology (Rasch model) described HLS-Q12 as having a three-subdimensional model
[44]. In our study CFA showed values for X% gl, SRMR, RMSEA, CFI, TLI, BBNNFI, AGF],
and BBNF], that are in general better than those of the original HLS-EU-Q47 [43].

Table 7. Goodness-of-fit indicators of the confirmatory factor analysis.

Index Acceptable level of fit Obtained value
Goodness-of-fit test p>0.05 ¥ = 78,457 Unacceptable
gl =54
p=0.017
Chi’ normalised xlgl<2 xlgl =145 Acceptable
SRMR <0.05 0.11 Unacceptable
RMSEA <0.06 0.08 Reasonable adjustment
CFI >0.9 0.98 Acceptable
TLI >0.9 0.98 Acceptable
AGHI >0.9 0.95 Acceptable
BBNFI >0.9 0.95 Acceptable
BBNNFI >0.9 0.98 Acceptable

AGFI: Adjusted Goodness of Fit Index; BBNFI: Bentler Bonnet Normed Fit Index; BBNNFI: Bentler Bonnet Non-Normed Fit Index; CFI: Comparative Fit Index; gl:

degrees of freedom; RMSEA: Root mean square error of approximation; SRMR: Standardised root mean residual; TLI: Tucker-Lewis Index; Xz: chi-square.

https://doi.org/10.1371/journal.pone.0299736.t007
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Table 8. Pearson multitrait-multimethod correlation matrix for the assessment of the validity of HLSQ12.

HLS-Q12
Convergent validity Divergent validity
PELC r=0.53
*related p<0.001
EORTC-QLQC30
« Functional scales r=0.12
unrelated p = 0.29
« Symptom scales r=-0.12
unrelated p = 0.24
« Global health status r=0.19
*related p = 0.022
HNA r=-0.16
related p = 0.046
ECOG before intervention r=-0.15
unrelated p = 0.099
Number of comorbidities r=-0.08
unrelated p = 0.31
Symptomatology management r=-0.08

*unrelated p = 0.67

ECOG: Eastern Cooperative Oncology Group; EORTC-QLQ-C30: EORTC Quality of Life Questionnaire; HLS-Q12: Health Literacy Survey Questionnaire; HNA:
Health Needs Assessments tool; PELC: Patient Empowerment in Long-Term Conditions questionnaire.
*Confirmed hypothesis.

https://doi.org/10.1371/journal.pone.0299736.t008

Regarding convergent-divergent validity, based on findings in the literature we were chal-
lenged to define hypotheses of interrelationships between literacy and other concepts as well as
with other health questionnaires and different clinical variables [38-40]. For convergent valid-
ity, the hypotheses we proposed regarding the relationship between HL with PELC and the
global health dimension of the EORTC-QLQC30 were fulfilled, indicating that the higher the
literacy level, the greater the empowerment and the more positive the perception of health sta-
tus, which is in agreement with the literature [38-40]. We observed a positive correlation
between literacy level and how it influences better patient self-care and a better perception of
global health. Conversely, we could not confirm the convergence hypotheses with
EORTC-QLQC30 constructs of functioning and symptomatology, ECOG before intervention,
and the number of comorbidities. Some previous studies have shown that the higher HL, the
better the quality of life and the lower the reported symptomatology, and that the number of
previous comorbidities negatively affects the HL of individuals [38-40]. We could not establish

Table 9. Estimates of sensitivity to change in the total sample and subsamples for HLS-Q12.

Total sample Stable or improving subsample (n = 47) Worsening subsample (n = 13)
(n=60)
Change (mean+SD) p-value* ES Change (mean+SD) p-value* ES Change (mean+SD) p-value* ES
HLS-Q12 3.3t£14.5 0.025 0.31 0.30£12 0.047 0.03 14+17.8 0.158 1.07

Comparing mean change of pre-post intervention in HLS-Q12 scores in total sample and subsamples; stable patients ECOG 0 or experiencing an improvement in
ECOG, from 1 to 0, and worsening patients.

ECOG: Eastern Cooperative Oncology Group; ES: effect size; HLS-Q12: Health Literacy Survey Questionnaire; SD: Standard deviation.

* The p-values correspond to the result of the t-test (parametric) calculation after checking normality of the comparing mean changes of pre-post intervention in
HLS-Q12 scores.

https://doi.org/10.1371/journal.pone.0299736.t009
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these hypotheses, which aligns with previous findings that show that correlations do not occur
in all cases [38-40]. That some of the relationships were not significant may result from our
sample size, but even so the directions of the correlations are in the direction we hypothesised.

Findings on confirmation of the divergent validity of HLS-Q12 establishes that HL alone
does not have a positive relationship on the correct management of cancer symptomatology
[38]. This finding could be due to the complex aetiology of cancer where symptomatology can
affect each person differently depending on the stage or severity of the cancer disease, their
quality of life, and their psychological state [38-40,46]. The HNA tool indicated that, for
HLS-Q12, higher level of HL correlated with higher number of health needs expressed [38].
Our results showed that HL equated to lower number of expressed needs, therefore we reject
our divergent hypothesis. The literature is ambiguous in this area as data are found where,
despite good HL, patients continue to express doubts and changing needs [38,39]. As with
convergence, sample size could have an influence.

For sensitivity to change, both overall and the stable or improvement subsamples showed a
small ES but with a statistically significant p-values. This may indicate that, although the
changes in scores were small, there was an increase in patient literacy. In comparison, the sub-
sample of worsening patients had a large ES and a non-significant p-value. This could indicate
that in the subsample of patients where the ECOG was worse the educational intervention
achieved a substantial change in HL level since their previous literacy levels were lower, how-
ever, the sample of patients is too small to obtain a significant p-value. None of the studies con-
cerning the HLS questionnaires have considered sensitivity to change, which limits result
comparisons [43-45].

Limitations

The main limitation of the validation study is the sample size. Although the number of partici-
pants should be 2 to 10 times the number of questions contained in the questionnaire [13],
others have suggested the minimum should be 5 participants per item [14]. In our case, for a
12-question survey with 60 participants, a participant/question ratio of 5 could be considered
adequate but a minimum of 200 participants would be optimal for high communalities and
well-determined factors and for low communalities and poorly determined factors this num-
ber could be as high as 500 [47,48]. The most penalizing aspect of not having a larger sample
was in the formation of the subsamples of sensitivity to change. However, ECOG is widely
used in oncology to describe patient’s quality of life and self-care and degree of independence,
which is a good indicator of patient stability [17].

For reliability, we did not consider calculating the Intraclass Correlation Coefficient (ICC),
which measures the temporal stability of the responses to the questionnaire in the same patient
in the same conditions [26,29], given that we proposed an educational intervention from the
first visit.

Follow-up times for educational interventions were variable and dependent upon the clini-
cal trial which could impact HL measurement. Even so, there is a lack of consensus when it
comes to defining exact times that correctly identify sensitivity to change [42].

Strengths and future studies

To the best of our knowledge, this is the first study to validate the HLS-Q12 in the Spanish con-
text and in a heterogeneous oncologic population. The original questionnaires were developed
in large samples of patients coming from different health backgrounds, however, there are
very few instruments that address the oncological setting [49-51]. The fact that this adaptation
and validation of the HLS-Q12 in Spanish has exclusively been conducted in an oncology
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population may be considered a strength in the absence of previous studies of the HLS project
in cancer patients in Spain.

This is one of the first studies to perform convergent-divergent validity with several health
questionnaires and different clinical variables [43,45], although studies with larger samples
would still be necessary to improve these results and for the comparison of data in terms of
sensitivity to change.

This tool could serve as an instrument for conducting multicentre studies that would pro-
vide information on the HL of patient populations in Spain, which could facilitate the develop-
ment of effective and efficient strategies aimed at improving self-care, control, and critical and
contrasted decision-making by patients about their own disease [8].

Conclusions

The results of our study suggest that HLS-Q12 is a robust cross-culturally adapted tool for col-
lecting accurate HL information in cancer patients regardless of tumour or stage. More studies
are needed to confirm and expand these findings, but our results support that HLS-Q12 could
be used to enable interventions aimed at reducing gaps in health services and even influence
the discussion of policy strategies to help improve equality and equity in health, especially in
the field of oncology.
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