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Abstract

Introduction: Low levels of health literacy (HL) are related
to behaviors that increase the risk of developing type 2
diabetes (T2D). However, in Europe, there is still little
knowledge about this relationship, and whether im-
proving HL could be an effective strategy for preventing
the disease. Therefore, this study aims to measure the
association between HL and the risk of developing T2D in
adults living in the municipality of Leiria. Methods: Data
from the Longitudinal Health Literacy Study of the Mu-
nicipality of Leiria were used. The sample (pilot study)
consists of 175 individuals aged 18 or over. The Finnish
Diabetes Risk Score was used to determine an individual’s
risk of developing T2D. The short version of the European
Health Literacy Questionnaire was applied to assess
participants’ HL levels. Descriptive statistics were calcu-
lated to describe participants’ sociodemographic char-
acteristics (sex, age, education, and monthly income). The
analysis of the relationship between the level of HL and
FINDRISC score was performed using a multivariate linear
analysis. The analysis was conducted in three nested

statistical models, and adjusted for age, sex, and edu-
cational level. Results: According to the FINDRISC, 35.7%
of respondents have a low risk, 26.8% a slightly moderate
risk, 8.3% a moderate risk, 24.2% a high risk, and 5.1% a
very high risk of developing T2D diabetes in the next
10 years. In the statistical model adjusted for age, sex, and
education, individuals with inadequate levels of HL
presented an average of 4.62 points more on the FIN-
DRISC scale than individuals with excellent levels of HL
(95% confidence interval: 0.558-8.677). Discussion/
Conclusion: The risk of developing T2D is increased in
people with lower levels of HL. It is important to invest in
public health programs that empower citizens with
knowledge to better manage their health.
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Resumo

Introducao: Niveis baixos de literacia em saude (LS) estao
relacionados com comportamentos que aumentam o
risco de desenvolver diabetes tipo 2 (DT2). Contudo, na
Europa ainda existe pouco conhecimento sobre esta
relacdo e se melhorar a LS podera ser uma estratégia
eficaz para prevenir a doenca. Assim, este estudo tem
como objetivo medir a associacdo entre a LS e o risco de
desenvolver DT2 em adultos que vivem no concelho de
Leiria. Métodos: Foram utilizados dados do Estudo
Longitudinal de Literacia em Saidde do Municipio de
Leiria. A amostra (estudo piloto) é composta por 175
individuos com 18 anos ou mais. O Finnish Diabetes Risk
Score (FINDRISC) foi utilizado para determinar o risco
individual de desenvolver DT2. A versdo curta do Euro-
pean Health Literacy Questionnaire foi aplicada para
avaliar o nivel de LS dos participantes. Estatisticas de-
scritivas foram calculadas para descrever as caracter-
isticas basicas dos participantes (sexo, idade, educacdo e
rendimento mensal). Construiu-se um modelo de re-
gressao linear multivariado para analisar a relagao entre o
nivel de LS e o score FINDRISC. A analise foi conduzida
em trés modelos estatisticos aninhados e ajustados para
idade, sexo e educacdo. Resultados: De acordo com a
escala FINDRISC, 35.7% dos entrevistados tém um risco
baixo, 26.8% pm risco ligeiramente moderado, 8.3% pm
risco moderado, 24.2% um risco alto e 5.1% pm risco
muito alto de desenvolver DT2 nos préximos 10 anos. No
modelo estatistico ajustado para idade, sexo e educacéo,
os individuos com niveis inadequados de LS apre-
sentaram, em média, 4.62 pontos a mais na escala FIN-
DRISC do que os individuos com excelentes niveis de LS
(IC95% 0.56 a 8.68). Discussdo/Conclusdo: O risco de
desenvolver DT2 é aumentado em pessoas com niveis
mais baixos de LS. E importante investir em programas
de saude publica que capacitem os cidadaos com con-
hecimento para gerir melhor sua saude.

© 2025 The Author(s). Published by S. Karger AG, Basel
on behalf of NOVA National School of Public Health

Introduction

Currently, diabetes affects around 537 million adults
worldwide, with over 90% of patients with diabetes
mellitus having type 2 diabetes (T2D) [1-3]. This
number is predicted to increase to 643 million by 2030
and reach 783 million by 2045 [1]. In 2023, the Portu-
guese Society of Diabetology estimated, based on the
PREVADIAB study, that diabetes affected 14.1% of the

Association between Health Literacy and
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Portuguese population aged 20-79 years, equating to
approximately 1.1 million individuals [4]. The devel-
opment of T2D is related to the combination of certain
risk factors, such as ethnicity, genetics, and age (non-
modifiable risk factors), as well as inadequate diet,
physical inactivity, lack of sleep quality, smoking, obe-
sity, hypertension, and dyslipidemia (modifiable risk
factors) [2, 5, 6]. There is strong evidence that lack of
physical activity and obesity are important modifiable
factors, not influenced by genetics, that strongly con-
tribute to the development of the disease, and therefore,
the implementation of interventions that aim to improve
the population’s lifestyles and behaviors can contribute
to prevention and delaying the development of T2D [6,
7]. Health literacy (HL) could be another potentially
modifiable risk factor, which is defined as the set of
“cognitive and social skills that influence the motivation
and ability of individuals to obtain, understand, and use
information, with the aim of preventing and maintaining
good health” [8]. Low levels of HL are related to un-
healthy behaviors that increase the risk of developing
T2D, such as a sedentary lifestyle, poor eating habits,
smoking, and alcohol consumption [2, 9, 10]. Most
studies on HL and diabetes have focused on individuals
already diagnosed with the condition. However, there is
a limited understanding of how HL influences those at
risk for developing T2D [11, 12]. In fact, some studies
have indicated that low levels of HL may be linked to an
increased risk of developing T2D [2, 12]. However,
further research is essential to better understand this
relationship and its underlying mechanisms. Such
studies would provide valuable insights to inform the
development of more effective, targeted prevention
strategies. This study aims to understand whether low
levels of HL are associated with an increased risk of
developing T2D in the adult population living in the
municipality of Leiria [12, 13].

Materials and Methods

Study Design and Data Sources

For this analysis, data from the pilot study, Lon-
gitudinal Health Literacy Study of the Municipality of
Leiria (LiSa), were used. LiSa is a prospective
population-based closed cohort study that is being
developed and implemented by a multidisciplinary
and multicenter team (researchers, health profes-
sionals, designers, and mayors, among others) in Leiria
with the aim of increasing health literacy in the coming
years.
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This longitudinal cohort study is designed to gather
data over a period of 10 years, employing five data
collection instances. Taking into consideration a
random sample stratified by gender and age groups
(18-29, 30-64, 65 or more), a confidence level of 95%, a
margin of 5% error, and 75% of dropout rate, a sample
size of 4,003 (2,001 males and 2,002 females) were
determined [14]. For more details on data sample
calculation, consult “Study protocol for LiSa cohort
study” [15]. Data on HL, anxiety, depression, health
characteristics, health behaviors, and sociodemo-
graphic information will be collected from each par-
ticipant. The first data collection will be carried out in
person, by a team of trained interviewers, and follow-
up will be carried out via telephone calls. To test the
established methodology, a cross-sectional pilot study
was conducted in the largest parish of the munici-
pality. Data collection took place between February 14
and March 14, 2024, using the computer-assisted
personal interview (CAPI) technique, carried out by
a team of trained interviewers. A random starting
point was established, and participants were selected
using a “house yes, house no” approach. In apartment
buildings, half of the households on each floor were
included. In each household, the selection criteria for
participants were as follows: the participant must be
over 18 years of age, and if more than one adult was
present, the individual whose birthday was closest to
the interview date was selected. The questionnaire
applied consists of sociodemographic and health
characteristics questions, the European Health Liter-
acy Survey short version (HLS-Q12), and the Finnish
Diabetes Risk Score (FINDRISC) scale. The sample for
this analysis consists of 175 individuals aged 18 or
over. The guidelines from observational studies in
epidemiology (STROBE) were applied to the study
design [16].

Study Population

The study population is made up of noninstitution-
alized adults (18 years or older) living in private homes in
Leiria. Residents of hospitals, nursing homes, military
barracks, or prisons were excluded from the study.
Furthermore, individuals who were unable to respond to
the questionnaire (e.g., not fluent in the Portuguese
language; cognitive limitations) were also excluded.

Variables under Study

In the pilot study, data on HL, health characteristics,
and sociodemographic characteristics were collected
from each participant.

88 Port ] Public Health 2025;43:86-94
DOI: 10.1159/000545596

Health Literacy

HL was measured through the European Health Lit-
eracy Survey Questionnaire short-form version (HLS;o-
Q12). The HLS,9-Q12 was previously translated and val-
idated for the Portuguese population [17]. This tool
contains 12 questions that measure HL. Each question
evaluates the recognized complexity of accomplishing a
particular health task related to health by inquiring, “On a
scale from very difficult to very easy, how easy would you
say it is to (e.g., understand what to do in a medical
emergency)?”. Responses are recorded on a 4-point Likert-
type scale (1, very difficult; 2, fairly difficult; 3, fairly easy; 4,
very easy). If a minimum of 80% of items exhibit valid
responses, a unified score can be calculated as a quantitative
representation of general health literacy. The following
cutoff points were defined [18, 19]: inadequate HL: scores
between 0 and 25 points; problematic HL: scores between
26 and 33 points; sufficient HL: scores between 34 and 42
points; excellent HL: scores between 43 and 50 points.

Health Characteristics

Metabolic risk was assessed using the Finnish Diabetes
Risk Score (FINDRISC). FINDRISC, originally developed
in Finland, is a simple and practical tool to identify in-
dividuals at high risk of developing T2D, without re-
quiring laboratory tests [20-22]. The score is established
based on eight easily discernible variables: body mass
index, age, waist circumference, level of physical activity,
diet, occurrence of previous hyperglycemia, hypertension,
and family history of diabetes [20]. It provides an estimate
of the likelihood of developing T2D within the next
decade. This score is being used in different European
populations and allows a maximum of 26 points. The
individuals are classified into different risk levels of de-
veloping the disease: low (<7 points); slightly moderate
(7-11 points); moderate (12-14 points); high (15-20
points); and very high (more than 20 points) [22-24].

Sociodemographic Characteristics
Data on sex, age, education level, and monthly income
of the household were collected.

Statistical Analysis

Descriptive statistics were calculated to describe
participants’ sociodemographic characteristics (sex, age,
education, and monthly income). The analysis of the
relationship between the level of HL (independent
variable) and FINDRISC score (dependent variable) was
performed using a multivariate linear analysis. Prior to
analysis, a histogram was employed to evaluate the
normality of the diabetes risk score, revealing a normal
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Table 1. Participant characteristics

n (%)
Age
18-29 years 30 (17.6%)
30-39 years 25 (14.7%)
40-49 years 25 (14.7%)
50-64 years 41 (24.1%)
65 or more years 49 (28.8%)
Total 170 (100%)
X+SD 50.5+18.8
Sex
Male 71 (41.0%)
Female 102 (59.0%)
Total 173 (100%)
Education

62 (35.6%)
54 (31.0%)
58 (33.3%)
174 (100%)

Basic education
Secondary education
Higher education
Total

Monthly income, EUR

<1,500 68 (44.7%)
1,500-3,000 71 (47.4%)
>3,000 12 (7.9%)
Total 174 (100%)
HL
Inadequate 45 (26.0%)
Problematic 78 (45.1%)
Sufficient 44 (25.4%)
Excellent 6 (3.5%)
Total 174 (100%)
X+SD 29.56+5.68
FINDRISC score
X+SD 10.53+5.68

distribution for this variable. The multivariate linear
analysis was conducted in three nested statistical
models. Model 1 represents the crude association be-
tween de FINDRISC and HL; model 2 was adjusted for
age and sex; and model 3 was adjusted for the same
factors as model 2 plus education level. Coefficients (p)
were reported with a 95% confidence interval (CI). The
level of statistical significance was set at p < 0.05. The
Durbin-Watson test was used to evaluate the potential
presence of autocorrelation in the residuals of the re-
gression models. Furthermore, to ensure the reliability
and robustness of the model, residual graphs were
constructed. All tests were performed using Statistical
Package for the Social Sciences (SPSS) version 28
software.

This study has been ethically approved by the Poli-
técnico de Leiria Ethics Committee (PARECER N CE/
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IPLEIRIA/33/2022). Before registration, all participants
read and signed the written consent form. A copy of the
signed consent form is given to the participant.

Results

In the LiSa pilot study, 178 individuals were inter-
viewed, of which only 175 were eligible for this study.

Participants Characteristics

The sample consisted of 71 (41.0%) male individuals
and 102 (59.0%) female individuals, with a mean age of
50.5 years (SD: 18.8). The largest number of participants
(28.8%, n = 49) are aged 65 or over, with the age groups
from 30 to 39 years old and from 40 to 49 years old
having the lowest number of respondents (14.7%, n = 25
for both) (Table 1). Sixty-two (35.6%) participants
completed basic education, 54 (31.0%) secondary edu-
cation, and 58 (33.3%) completed a bachelor’s degree or
higher. A large part of the participants, 68 (44.7%), have a
monthly family income of less than EUR 1,500, 71
(47.4%) between EUR 1,500 and 3,000, and only 12
(7.9%) respondents have a monthly family income of
more than EUR 3,000. Regarding HL, 45 (26.0%) of
respondents showed inadequate levels, 78 (45.1%) had
problematic levels, 44 (25.4%) had sufficient levels, and
only 6 (3.5%) had excellent levels of HL (Table 1).

FINDRISC Diabetes Score

According to the FINDRISC scale, 35.7% of respondents
have a low risk, 26.8% have a slightly moderate risk, 8.3%
have a moderate risk, 24.2% have a high risk, and 5.1% have
a very high risk of developing T2D in the next 10 years
(Table 2). The results suggest that there are differences in
the risk of developing T2D by HL level. Higher scores on
the FINDRISC scale are observed in participants whose HL
level is lower. Among individuals with inadequate HL
levels, 38.5% are at high risk of developing T2D and only
17.9% are at low risk. In turn, in the group of participants
with sufficient levels of HL, most individuals have a low or
slightly moderate risk of developing T2D (32.5%, n = 13,
and 42.5%, n = 17, respectively). All participants with
excellent HL levels scored less than 12 points on the
FINDRISC scale (Table 2).

In linear regression, model 1, there was a significant
difference when comparing the group of individuals with
inadequate vs excellent levels of HL, with individuals with
inadequate levels of literacy having on average 6.036 points
more in FINDRISC than individuals with excellent levels
(95% CI: 0.917-11.155). In model 3, adjusted for the other
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Table 2. FINDRISC score by age, sex, education, and health literacy level

Diabetes risk level Low Slightly moderate Moderate High Very high
n (%) n (%) n (%) n (%) n (%)
FINDRISC score <7 points 7-11 points 12-14 points 15-20 points >20 points
Subjects 56 (35.7%) 42 (26.8%) 3 (8.3%) 38 (24.2%) 8 (5.1%)
Age
18-29 years 19 (70.4%) 6 (22.2%) 2 (7.4%) 0 (0.0%) 0 (0.0%)
30-39 years 19 (86.4%) 2 (9.1%) 1 (4.5%) 0 (0.0%) 0 (0.0%)
40-49 years 8 (34.8%) 8 (34.8%) 3 (13.0%) 4 (17.4%) 0 (0.0%)
50-64 years 7 (17.5%) 15 (37.5%) 2 (5.0%) 13 (32.5%) 3 (7.5%)
65 or more years 3 (6.8%) 10 (22.7%) 5 (11.4%) 21 (47.7%) 5 (11.4%)
Sex, n (%)
Male 24 (36.4) 19 (28.8) 6 (9.1) 13 (19.7) 4 (6.1)
Female 32 (35.6) 23 (25.6) 7 (7.8) 25 (27.8) 3(3.3)
Education, n (%)
Basic education 4 (7.1) 16 (28.6) 4 (7.1) 26 (46.4) 6 (10.7)
Secondary education 24 (52.2) 13 (28.3) 5(10.9) 4 (8.7) 0 (0.0)
Higher education 28 (50.9) 13 (23.6) 4 (7.3) 8 (14.5) 2 (3.6)
HL, n (%)
Inadequate 7 (17.9) 11 (28.2) 3(7.7) 15 (38.5) 3(7.7)
Problematic 31 (43.1) 13 (18.1) 8 (11.1) 18 (25.0) 2 (2.8)
Sufficient 13 (32.5) 17 (42.5) 2 (5.0) 5(12.5) 3(7.5)
Excellent 4 (80.0) 1 (20.0) 0 (0.0) 0 (0.0) 0 (0.0)

variables (age, sex, and education), the inverse relationship
between the HL level and the FINDRISC score is significant
in all compared scenarios (inadequate vs. excellent,
problematic vs. excellent, and sufficient vs. excellent). In
this final model, individuals with inadequate levels of lit-
eracy presented, in average, 4.62 points more on the
FINDRISC scale than individuals with excellent levels of
literacy (95% CI: 0.56-8.68) (Table 3).

The risk of developing T2D diabetes differs between
age groups (Table 2). The low-risk rate was higher in the
group aged 30-39 years (86.4%, n = 19), while the high-
risk rate was higher in the group aged 65 or over (47.7%,
n = 21) (Table 2). In both model 2 and model 3 older ages
were associated with an increased risk of developing T2D.
In model 3, people aged 30-39 years had, on average, 8.17
points lower on the FINDRISC score than people aged 65
or over (95% CI: —10.45 to —5.90) (Table 3).

Differences in the risk of developing diabetes were
also observed between men and women. While the high-
risk rate was higher in females (27.8%, n = 25), the very
high-risk rate was higher in males (6.1%, n = 4) (Table 2).
There were no significant differences in any of the 2
models adjusted for this variable (Table 3).

Education level is also associated with the risk of
developing T2 diabetes (Table 2). The high-risk rate was
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higher in the group of participants with basic education
(46.4%, n = 26), the same was seen in the very high-risk
rate (10.7%, n = 6) (Table 2). According to model 3,
participants with basic education have on average 2.17
points more on the FINDRISC score than participants
with higher education (95% CI: 0.35-0.398) (Table 3).

The Durbin-Watson test and the residual analysis
confirmed that the data presented no significant pattern,
indicating a nonrandom distribution of residuals in the
regression model.

Discussion

In this study, 71.1% of individuals were found to have
inadequate or problematic levels of HL, which is higher
than the 61% reported in a national survey of the Por-
tuguese population using the HLS-EU-PT with 47 items
[20]. A similar study, also employing the long version of the
HLS-EU-PT, conducted in another parish in the Portu-
guese Alto Minho region, revealed a slightly lower per-
centage of individuals with inadequate or problematic HL
levels, at 66.1% [25]. Additionally, another study conducted
between December 2020 and January 2021 used the
HLS19-Q12 scale to assess health literacy among residents
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Table 3. Potential influencing variables of the FINDRISC score: results from linear regression analyses

Model 1 Model 2 Model 3
B 95% ClI p value B 95% ClI p value B 95% ClI p value
lower upper lower upper lower upper
HL
Inadequate vs. excellent 6.04 092 11.16 0.021 539 1.39 939 0.008 462 0.56 8.68 0.026
Problematic vs. excellent 356 -1.43 854 0.162 4.72 0.82 861 0.018 421 0.28 8.15 0.036
Sufficient vs. excellent 402 -1.09 9.14 0.123 449 0.50 847  0.027 414 0.20 8.09 0.040
Age, years
18-29 vs. 65 or more -786 —-9.95 576 < 0.001 -6.10 -842 -3.79 <0.001
30-39 vs. 65 or more -9.20 -1143 -6.98 < 0.001 -8.17 -1045 -590 <0.001
40-49 vs. 65 or more —-442 —-6.65 -2.18 < 0.001 -333 -562 -1.04 0.004
50-64 vs. 65 or more -191 -3.75 -0.06 0.034 -1.57 =337 024 0.089
Sex
Male vs. female 021 -1.18 160 0767 029 -1.07 164 0.680
Education
Basic vs. higher 217 035 3.98 0.020
Secondary vs. higher -0.80 —-2.58 097 0.376

of Mainland Portugal. The results indicated that the ma-
jority of participants had adequate health literacy, while
29.5% exhibited inadequate or problematic levels, signifi-
cantly lower than the figures found in the adult population
of the municipality of Leiria [18]. The lower level of HL
observed in this study may be related to the higher pro-
portion of older individuals surveyed compared to other
studies. The low educational level of the sample may also
explain these results.

The main goal of this research was to measure the
relationship between the levels of HL and the risk of de-
veloping T2D in adults living in the municipality of Leiria.
The findings are in accordance with previous studies
suggesting an inverse relationship between HL levels and
the risk of developing this chronic disease [2, 14, 26, 27].
This can be explained by the fact that poor levels of HL are
associated with risk behaviors for the development of T2D,
such as a sedentary lifestyle, incorrect eating habits, and
alcohol and tobacco consumption [2]. Furthermore, factors
such as education level, income, and age play significant
roles in health behaviors, with HL frequently acting as a
mediator between these factors and the health practices
adopted [28-30].

Age is one of the non-modifiable risk factors for the
development of T2D, with older people tending to have a
higher risk of developing the disease [31]. The results of
this study agree with this evidence, showing a positive
relationship between age and the score obtained on the
FINDRISC scale.

Association between Health Literacy and
Diabetes

Contrary to what has been found in other studies, sex
has not been shown to be one of the non-modifiable risk
factors for the development of the disease. This can be
explained by the small sample in the pilot study. Similar
studies with a larger sample size might produce results
that are in accordance with what is already described in
the literature, that is, a reduced risk of developing T2D in
women [32].

Regarding the level of education, the data show that
people with higher education have a lower risk of de-
veloping T2D compared to people who have only
completed basic education. These results are in line with
previously published evidence, including a cohort study
carried out in eight Western European countries, which
revealed an increased risk of developing T2D in people
with lower levels of education [33, 34]. In fact, low levels
of education have also been linked to lower levels of HL
[35-37]. HL may serve as a mediator between education
and diabetes risk, acting as an intermediary factor that
can either amplify or reduce the impact of education on
the likelihood of developing the disease. While education
is commonly linked to better health outcomes, including
a lower risk of diabetes, this relationship is not direct but
is mediated by HL. Individuals with higher educational
levels tend to have better HL, which enables them to
understand medical information, follow treatment plans,
and adopt healthier behaviors [2, 30, 38]. A Danish
population-based study found that HL mediates the
relationship between educational attainment and health

Port J Public Health 2025;43:86-94 91
DOI: 10.1159/000545596

G20z ¥snbny gz uo ysenb Aq ypd-9655+5000/262S6E1/98/2/Sy/Hpd-ajonte/dld/woo 1ebies//:dny woly pepeojumoq



behaviors, particularly with regard to sedentary behav-
ior, unhealthy eating, and obesity. Another study showed
that when HL was included in the analysis, the direct
relationship between education and glycemic control
became nonsignificant, suggesting that HL fully mediates
this connection [30, 38]. Thus, understanding the me-
diating role of HL has important public health impli-
cations. Improving health literacy may help mitigate the
negative effects of low educational attainment on the risk
of diabetes [39, 40].

In fact, HL is a necessary but insufficient condition for
behavior change. Although HL plays a pivotal role in
enabling individuals to make informed health decisions,
behavior change is a complex and multifactorial process.
Key determinants, such as personal motivation, social
support, the removal of economic and cultural barriers,
and the formulation of public policies that enhance
health education and access to healthcare services, are
essential for promoting sustainable behavior change.
These factors complement HL and facilitate the adoption
of healthy behaviors [41-46].

This study has some strengths and limitations. One of
the strengths of this study was using the HLS;5-Q12 and
the FINDRISC. Both are powerful public health tools that
have already been validated in multiple languages and
have been used in several studies. Furthermore, they can
be applied quickly and simply, including through online
tools. On the other hand, the small sample size in this
study may limit its statistical power, increasing the risk of
type II errors and reducing the precision of our estimates.
For the largest parish, the required sample size was cal-
culated to be 573 participants. However, due to time and
budget constraints associated with this initial data col-
lection (pilot study), it was not possible to recruit the
desired number of participants. Consequently, the find-
ings should be interpreted with caution, as they may not
be fully generalizable to larger populations. Another
limitation of this study is its cross-sectional design, which
prevents the establishment of direct causal relationships,
requiring a cautious interpretation of the results. Fur-
thermore, in a future data collection it will be important to
record other variables, such as the previous diagnosis of
diabetes, and the participant’s history of chronic diseases.
In the future, for a more detailed analysis, data on par-
ticipants’ smoking habits and frequency of alcohol con-
sumption should be included in the model. This study did
not include these variables due to the small sample size.

Overall, some studies have already reported a link be-
tween HL and general health, including regarding the risk
of developing diabetes [14, 47]. This study confirmed the
inverse association between literacy and the risk of devel-
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oping the disease. HLS;5-Q12 and FINDRISC are effective
tools for detecting individuals with low literacy levels and at
risk of developing diabetes and, therefore, could be included
in public health programs. It is important to invest in public
health programs that contribute to increasing the pop-
ulation’s health knowledge, with the aim of preventing not
only the development of T2D, but also other comorbidities.
The LiSa study could be a viable diagnostic tool from a
population perspective. As a pilot study, it was primarily
designed to validate the methodology and provide pre-
liminary insights that can inform future, larger scale re-
search. We hope that the data collected in future phases will
not only reinforce the evidence obtained in this initial study
but also generate additional valuable insights.

Statements Anonymized
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Acknowledgments

The authors would like to thank Professor Maria Pedro
Guarino, coordinator of ciTechCare — Center for Innovative Care
and Health Technology of Polytechnic of Leiria for all his support
of the LiSa project.

Statement of Ethics

LiSa study has been ethically approved by the Politécnico de
Leiria Ethics Committee (PARECER No. CE/IPLEIRIA/33/2022).
Before registration, all participants read and sign the written
consent form. A copy of the signed consent form is given to the
participant.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This work was funded by Portuguese national funds provided
by Fundacéo para a Ciéncia e Tecnologia (FCT) (U1/05704/2020)
and Cémara Municipal de Leiria.

Author Contributions

Maria Jodo Batalha, Tiago Gabriel, Bartolomeu Alves, Ana
Soledade, Rui Passadouro, and Sara Simdes Dias: conceived
and designed the LiSa study. Sara Simées Dias and Maria Jodo

Batalha et al.

G20z ¥snbny gz uo ysenb Aq ypd-9655+5000/262S6E1/98/2/Sy/Hpd-ajonte/dld/woo 1ebies//:dny woly pepeojumoq



Batalha conducted the statistical analysis and wrote the

manuscript. All authors have contributed to the current

manuscript through review and editing and have approved the

final manuscript.

—_

10

11

12

References

International Diabetes Federation IDF dia-
betes atlas. 10th ed. Brussels: IDF; 2021.
Tajdar D, Lihmann D, Fertmann R, Stein-
berg T, van den Bussche H, Scherer M, et al.
Low health literacy is associated with higher
risk of type 2 diabetes: a cross-sectional study
in Germany. BMC Public Health. 2021;21(1):
510. https://doi.org/10.1186/512889-021-
10508-2

Sociedade Portuguesa de Diabetologia. Di-
abetes: factos e numeros: o ano de 2016, 2017
e 2018: Relatério Anual do Observatério
Nacional da Diabetes. Lisboa: Sociedade
Portuguesa de Diabetologia; 2019.

Portugal. Ministério da Satde. Dire¢ao Geral
da Satde. Programa Nacional para a diabe-
tes: desafios e estratégias 2023. Lisboa: DGS;
2023.

Ismail L, Materwala H, Al Kaabi J. Associ-
ation of risk factors with type 2 diabetes:
a systematic review. Comput Struct Bio-
technol J. 2021;19:1759-85. https://doi.org/
10.1016/j.csbj.2021.03.003

Tuomilehto J, Lindstrom J, Eriksson JG,
Valle TT, Himaildinen H, Ilanne-Parikka P,
et al. Prevention of type 2 diabetes mellitus
by changes in lifestyle among subjects with
impaired glucose tolerance. N Engl ] Med.
2001;344(18):1343-50. https://doi.org/10.
1056/NEJM200105033441801

Diabetes Prevention Program DPP Research
Group. The Diabetes Prevention Program
(DPP): description of lifestyle intervention.
Diabetes Care. 2002;25(12):2165-71. https://
doi.org/10.2337/diacare.25.12.2165
Nutbeam D. Health promotion glossary.
Health Promot Int. 1998;13(4):349-64.
https://doi.org/10.1093/heapro/13.4.349
Rolova G, Gavurova B, Petruzelka B. Exploring
health literacy in individuals with alcohol ad-
diction: a mixed methods clinical study. Int
] Environ Res Public Health. 2020;17(18):6728.
https://doi.org/10.3390/ijerph17186728
Stewart DW, Adams CE, Cano MA, Correa-
Fernandez V, Li Y, Waters AJ, et al. Asso-
ciations between health literacy and estab-
lished predictors of smoking cessation. Am
] Public Health. 2013;103(7):e43-9. https://
doi.org/10.2105/AJPH.2012.301062

Caruso R, Magon A, Baroni I, Dellafiore F,
Arrigoni C, Pittella F, et al. Health literacy in type
2 diabetes patients: a systematic review of sys-
tematic reviews. Acta Diabetol. 2018;55(1):1-12.
https://doi.org/10.1007/500592-017-1071-1
O’Meara L, Williams SL, Ames K, Lawson C,
Saluja S, Vandelanotte C. Low health literacy

Association between Health Literacy and
Diabetes

13

14

15

16

17

18

19

20

Data Availability Statement

The data that support the findings of this study are available on

request from the corresponding author.

is associated with risk of developing type 2 21 Saaristo T, Peltonen M, Keindnen-Kiu-
diabetes in a nonclinical population. Dia- kaanniemi S, Vanhala M, Saltevo J, Niskanen
betes Educ. 2019;45(4):431-41. https://doi. L, et al. National type 2 diabetes prevention
org/10.1177/0145721719857548 programme in Finland: FIN-D2D. Int
Fitria E, Sylvia EI, Datak G, editors. Health J Circumpolar Health. 2007;66(2):101-2.
literacy and diabetes risk factors score. https://doi.org/10.3402/ijch.v66i2.18239
ICASH 2019: Proceedings of the interna- 22 Kulkarni M, Foraker RE, McNeill AM,
tional conference on applied science and Girman C, Golden SH, Rosamond WD, et al.
health. Bangkok; 2019. Indonesian Scholars’ Evaluation of the modified FINDRISC to
Alliance. identify individuals at high risk for diabetes
Dias SS, Rodrigues AM, Gregério MJ, de among middle-aged white and black ARIC
Sousa RD, Branco JC, Canhdo H. Cohort study participants. Diabetes Obes Metab.
profile: the epidemiology of chronic diseases 2017;19(9):1260-6. https://doi.org/10.1111/
cohort (EpiDoC). Int J Epidemiol. 2018; dom.12949
47(6):1741-2. https://doi.org/10.1093/ije/ 23 Kahl KG, Schweiger U, Correll C, Miiller C,
dyy185 Busch ML, Bauer M, et al. Depression,
Batalha MJ, Gabriel T, Valentim A, Soledade anxiety disorders, and metabolic syndrome
A, Gomes C, Alves B, et al. Health literacy: in a population at risk for type 2 diabetes
study protocol for LiSa cohort study. BMC mellitus. Brain Behav. 2015;5(3):e00306.
Public Health. 2024;24(1):1737. https://doi. https://doi.org/10.1002/brb3.306
org/10.1186/512889-024-19148-8 24 Wennehorst K, Mildenstein K, Saliger B, Tigges
von Elm EDG, Altman DG, Egger M, Pocock C, Diehl H, Keil T, et al. A comprehensive
SJ, Getzsche PC, Vandenbroucke JP, et al. lifestyle intervention to prevent type 2 diabetes
The Strengthening The Reporting of Ob- and cardiovascular diseases: the German CHIP
servational ~ studies in  Epidemiology Trial. Prev Sci. 2016;17(3):386-97. https://doi.
(STROBE) statement: guidelines for report- org/10.1007/s11121-015-0623-2
ing observational studies. Int J Surg. 2014; 25 Alves OMA, Morais MCS, Barreiras CC,
12(12):1495-9. https://doi.org/10.1016/j.ijsu. Cruz M, Lima AMDL. Health literacy: the
2014.07.013 reality of a community in Alto Minho. Port
Arriaga M, Francisco R, Nogueira P, Oliveira J Public Health. 2018;36(3):157-63. https://
], Silva C, Camara G, et al. Health literacy in doi.org/10.1159/000497073
Portugal: results of the health literacy pop- 26 Tiller D, Herzog B, Kluttig A, Haerting J.
ulation survey project 2019-2021. Int Health literacy in an urban elderly East-
] Environ Res Public Health. 2022;19(7):4225. German population: results from the
https://doi.org/10.3390/ijerph19074225 population-based CARLA study. BMC
Pelikan JM, Link T, Straflmayr C, Wald- Public Health. 2015;15(1):883. https://doi.
herr K, Alfers T, Boggild H, et al. Mea- 0rg/10.1186/s12889-015-2210-7
suring comprehensive, general health lit- 27 Sudore RL, Mehta KM, Simonsick EM,
eracy in the general adult population: the Harris TB, Newman AB, Satterfield S, et al.
development and validation of the HLS19- Limited literacy in older people and dis-
Q12 instrument in seventeen countries. Int parities in health and healthcare access. ] Am
] Environ Res Public Health. 2022;19(21): Geriatr Soc. 2006;54(5):770-6. https://doi.
14129. https://doi.org/10.3390/ 0rg/10.1111/j.1532-5415.2006.00691.x
ijerph192114129 28 LiuY, Guo Y, Yan X, Ding R, Tan H, Wang
Pedro AR, Amaral O, Escoval A. Literacia em Y, et al. Assessment of health literacy in
saude, dos dados a agdo: tradugdo, validagdo patients with polycystic ovary syndrome and
e aplicagio do European Health Literacy its relationship with health behaviours:
Survey em Portugal. Rev Port Satde Publica. a cross-sectional study. BMJ Open. 2023;
2016;34(3):259-75. https://doi.org/10.1016/ 13(11):e071051. https://doi.org/10.1136/
J.RPSP.2016.07.002 bmjopen-2022-071051
Dantas R, Azevedo T, Alves M, Balsa M, 29 Liu YB, Liu L, Li YF, Chen YL. Relationship
Albuquerque I, Ferreira M, et al. Utilizacdo between health literacy, health-related be-
do FINDRISC no Rastreio da Diabetes em haviors and health status: a survey of elderly
Utentes Assintomaticos. Rev Port Endo- Chinese. Int ] Environ Res Public Health.
crinol. 2017;12(1):45-51. https://doi.org/10. 2015;12(8):9714-25. https://doi.org/10.3390/
26497/2017.000008.000108 ijerph120809714

Port J Public Health 2025;43:86-94 93

DOI: 10.1159/000545596

G20z ¥snbny gz uo ysenb Aq ypd-9655+5000/262S6E1/98/2/Sy/Hpd-ajonte/dld/woo 1ebies//:dny woly pepeojumoq



30

31

32

33

34

35

Friis K, Lasgaard M, Rowlands G, Osborne
RH, Maindal HT. Health literacy mediates
the relationship between educational at-
tainment and health behavior: a Danish
population-based study. ] Health Commun.
2016;21(Suppl 2):54-60. hitps://doi.org/10.
1080/10810730.2016.1201175

Salzberg L. Risk factors and lifestyle inter-
ventions. Prim Care. 2022;49(2):201-12.
https://doi.org/10.1016/j.pop.2021.11.001
Schipf S, Werner A, Tamayo T, Holle R,
Schunk M, Maier W, et al. Regional differ-
ences in the prevalence of known Type 2
diabetes mellitus in 45-74 years old individ-
uals: results from six population-based studies
in Germany (DIAB-CORE Consortium).
Diabet Med. 2012;29(7):e88-95. https://doi.
org/10.1111/j.1464-5491.2012.03578 x
Sacerdote C, Ricceri F, Rolandsson O, Baldi
I, Chirlaque MD, Feskens E, et al. Lower
educational level is a predictor of incident
type 2 diabetes in European countries: the
EPIC-InterAct study. Int ] Epidemiol. 2012;
41(4):1162-73. https://doi.org/10.1093/ije/
dys091

Maier W, Holle R, Hunger M, Peters A,
Meisinger C, Greiser KH, et al. The impact of
regional deprivation and individual socio-
economic status on the prevalence of Type
2 diabetes in Germany: a pooled analysis of
five population-based studies. Diabet Med.
2013;30(3):e78-86. https://doi.org/10.1111/
dme.12062

Serensen K, Pelikan JM, Rothlin F, Ganahl K,
Slonska Z, Doyle G, et al. Health literacy in
Europe: comparative results of the European
health literacy survey (HLS-EU). Eur ] Public

36

37

38

39

40

41

Health. 2015;25(6):1053-8. https://doi.org/
10.1093/eurpub/ckv043

Jordan S, Hoebel J. Adult health literacy in
Germany [Gesundheitskompetenz von Er-
wachsenen in Deutschland]. Bundesge-
sundheitsbl. 2015;58(9):942-50. https://doi.
0rg/10.1007/s00103-015-2200-z

van der Heide I, Rademakers ], Schipper M,
Droomers M, Serensen K, Uiters E. Health
literacy of Dutch adults: a cross sectional
survey. BMC Public Health. 2013;13(1):179.
https://doi.org/10.1186/1471-2458-13-179
Schillinger D, Barton LR, Karter AJ, Wang F,
Adler N. Does literacy mediate the rela-
tionship between education and health
outcomes? A study of a low-income pop-
ulation with diabetes. Public Health Rep.
2006;121(3):245-54. https://doi.org/10.1177/
003335490612100305

Olesen K, F Reynheim AL, Joensen L, Rid-
derstrale M, Kayser L, Maindal HT, et al.
Higher health literacy is associated with
better glycemic control in adults with type 1
diabetes: a cohort study among 1399 Danes.
BMJ Open Diabetes Res Care. 2017;5(1):
€000437. https://doi.org/10.1136/bmjdrc-
2017-000437

Saeed H, Saleem Z, Naeem R, Shahzadi I,
Islam M. Impact of health literacy on dia-
betes outcomes: a cross-sectional study from
Lahore, Pakistan. Public Health. 2018;156:
8-14. https://doi.org/10.1016/j.puhe.2017.
12.005

Stanojevic V, Jevtic M, Mitrovic M. Moti-
vation for change, cornerstone of diabetes
self-management in patients with type 2
diabetes. Eur ] Public Health. 2019;

94

Port J Public Health 2025;43:86-94

DOI: 10.1159/000545596

42

43

44

45

46

47

29(Suppl_4):ckz185-443. https://doi.org/10.
1093/eurpub/ckz185.443

Qin W. Health behavior changes after a
diabetes diagnosis: the moderating role of
social support. Behav Med. 2023;49(3):
292-301. https://doi.org/10.1080/08964289.
2022.2050670

Stotz SA, Ricks KA, Eisenstat SA, Wexler DJ,
Berkowitz SA. Opportunities for interven-
tions that address socioeconomic barriers to
type 2 diabetes management: patient per-
spectives. Sci Diabetes Self Manag Care.
2021;47(2):153-63. https://doi.org/10.1177/
0145721721996291

Netto G, Bhopal R, Lederle N, Khatoon J,
Jackson A. How can health promotion in-
terventions be adapted for minority ethnic
communities? Five principles for guiding the
development of behavioural interventions.
Health Promot Int. 2010;25(2):248-57.
https://doi.org/10.1093/heapro/daq012
Hahn RA, Truman BI. Education improves
public health and promotes health equity. Int
J Health Serv. 2015;45(4):657-78. https://doi.
org/10.1177/0020731415585986

Darcy M, Parkinson J, Ball L, Norton L,
Hobby J. Multicomponent approaches to
promoting healthy behaviours in people with
Type 2 diabetes: an integrative review.
Health Promot Int. 2023;38(3):daac042.
https://doi.org/10.1093/heapro/daac042
Vandenbosch J, van den Broucke S,
Schinckus L, Schwarz P, Doyle G, Pelikan J,
et al. The impact of health literacy on dia-
betes self-management education. Health
Educ J. 2018;77(3):349-62. https://doi.org/
10.1177/0017896917751554

Batalha et al.

G20z ¥snbny gz uo ysenb Aq ypd-9655+5000/262S6E1/98/2/Sy/Hpd-ajonte/dld/woo 1ebies//:dny woly pepeojumoq



